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«o seduce heart attack risk, don’t overlook coexisting low HDL, 
high triglycerides, and high LDL. A recently published 
analysis of data from a Helsinki Heart Study subgroup shows 
why: 


LOPID reduced the incidence 
of heart attack* 71% 


—in a high-risk subgroup of 
patients with multiple lipid 
disorders. While the overall 
reduction in heart attack was 
34%, the greatest reduction 
in heart attack was achieved 
among those LOPID patients 
with baseline triglycerides 
>200 mg/dL and baseline 
LDL/HDL >5 (n = 154)" 


OP ID) $ 


r ‘| ) 600-m 
gemfibrozil ) sons 
TREATS THE ENTIRE TRIAD 
DRAMATICALLY REDUCES HEART ATTACK 


LOPID is indicated for reducing the risk of coronary heart disease in type Ilb 
patients with low HDL, in addition to elevated LDL and triglycerides, and 

who have had an inadequate response to weight loss, diet, exercise, and other 
pharmacologic agents such as bile acid sequestrants and nicotinic acid, 
LOPID is not indicated for the treatment of patients with low HDL as their only 
lipid abnormality. 











Contraindicated in patients with hepatic or severe renal dysfunction, including 
primary biliary cirrhosis, preexisting gallbladder disease, or hypersensitivity to 
gemfibrozil. LOPID may increase cholesterol secretion into the bile, leading to 
cholelithiasis. Caution should be exercised when anticoagulants are given in 
conjunction with LOPID. 


Reference 1, Manninen V, Tenkanen L, Koskinen P, et al. Joint effects of serum triglyceride and LDL cholesterol and 
HDL cholesterol concentrations on coronary heart disease risk in the Helsinki Heart Study: implications for 
treatment. Circulation. 1992;85:37-45. 


*Defined as a combination of definite coronary death and/or definite myocardial infarction. 
*Mean HDL =35 mg/dL; mean LDL = 208 mg/dL; P = .005; 95% CI 21.2 to 118.6. 


Please see last page of this advertisement for warnings, contraindications, and 
brief summary of prescribing information. 





® PARKE-DAVIS a PHARMACEUTICALS 


PETLA s 
Lopid® (Gemfibrozil Capsules and Tablets) 

Before prescribing, please see full prescribing information. 

A Brief Summary follows. 

CONTRAINDICATIONS. 1. Hepatic or severe renal dysfunction, including primary 
biliary cirrhosis. 

2. Preexisting gallbladder disease (See WARNINGS). 

3. Hypersensitivity to gemfibrozil. 

WARNINGS. 1. Because of chemical, pharmacological. and clinical similarities be- 
tween gemfibrozil and clofibrate, the adverse findings with clofibrate in two large Clinical 
studies may also apply to gemfibrozil. in the first of those studies, the Coronary Drug 
Project, 1000 subjects with previous myocardial infarction were treated for five years 
with clofibrate. There was no difference in mortality between the clofibrate-treated sub- 
jects and 3000 placebo-treated subjects, but twice as many clofibrate-treated subjects 
developed cholelithiasis and cholecystitis requiring surgery. In the other study, con- 
ducted by the World Health Organization (WHO), 5000 subjects without known cor- 
onary heart disease were treated with clofibrate for five years and followed one year 
beyond. There was a statistically significant, 29%, higher total mortality in the clofibrate- 
treated than in a comparable placebo-treated control group. The excess mortality was 
due to a 33% increase in noncardiovascular causes, including malignancy, post- 
cholecystectomy complications, and pancreatitis. The higher risk of clofibrate-treated 
subjects for gallbladder disease was confirmed. 

During the Helsinki Heart Study and in the 1/2 year follow-up period since the trial 
was completed, mortality from any cause was 59 (2.9%) in the Lopid group and 55 
(2.7%) inthe placebo group. Mortality from any cause during the double-blind portion 
of the study was 44 deaths in the Lopid group and 43 in the placebo group. Because of 
the more limited size of the Helsinki Heart Study, this result is not statistically- 
significantly different from the 29% excess mortality seen in the clofibrate group in the 
separate WHO study. Noncoronary heart disease related mortality showed a 58% 
greater trend in the Lopid group (43 vs 27 patients in the placebo group, p=0.056). 

In the Helsinki Heart Study, the incidence of total malignancies discovered during the 
trial and in the 12 years since the trial was completed was 39 in the Lopid group and 29 
in the placebo group (difference not statistically significant). This includes 5 basal cell 
carcinomas in the Lopid group and none in the placebo group (p=0.06; historical data 
predicted an expected 4.7 cases in the placebo group). GI malignancies and deaths 
from malignancies were not statistically 
different between Lopid and placebo sub- 
groups. Follow-up of the Helsinki Heart 
Study participants will provide further infor- 
mation on cause-specific mortality and 
cancer morbidity. 

2. A gallstone prevalence substudy of 450 
Helsinki Heart Study participants showed a 
trend toward a greater prevalence of gall- 
stones during the study within the Lopid 
treatment.group (7.5% vs 4.9% for the place- 

$ bo group, a 55% excess for the gemfibrozil 
i group). Atrend toward a greater incidence 
z of gallbladder surgery was observed for the 
T Lopid group (17 vs 11 subjects, a 54% ex- 

: cess). This result did not differ statistically 
s from the increased incidence of cholecystectomy observed in the WHO study in the 
| group treated with clofibrate. Both clofibrate and gemfibrozil may increase cholesterol 
Ey excretion into the bile leading to cholelithiasis. If cholelithiasis is suspected, gallbladder 
studies are indicated. Lopid therapy should be discontinued if gallstones are found. 
2 Since a reduction of mortality from coronary artery disease has not been 
demonstrated and because liver and interstitial cell testicular tumors were increased in 
rats, Lopid should be administered only to those patients described in the INDICATIONS 
AND USAGE section. If a significant serum lipid response is not obtained, Lopid should 
be discontinued 
4. Concomitant Anticoagulants — Caution should be exercised when anticoagulants 
are given in conjunction with Lopid. The dosage of the anticoagulant should be reduced 
to maintain the prothrombin time at the desired level to prevent bleeding complications. 
Frequent prothrombin determinations are advisable until it has been definitely determined 
that the prothrombin level has stabilized. 
5, Concomitant therapy with Lopid and Mevacor® (lovastatin) has been associated with 
} rhabdomyolysis, markedly elevated creatine kinase (CK) levels and myoglobinuria, 
leading in a high proportion of cases to acute renal failure. In most subjects who have 
had an unsatisfactory lipid response to either drug alone, the possible benefit of combined 
therapy with lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, 
rhabdomyolysis, and acute renal failure (See Drug Interactions). The use of fibrates 
5 alone, including Lopid, may occasionally be associated with myositis. Patients receiving 
‘a Lopid andicomplaining of muscle pain, tenderness, or weakness should have prompt 
medical evaluation for myositis, including serum creatine kinase level determination. If 
f myositis isssuspected or diagnosed, Lopid therapy should be withdrawn. 
> 6. Cataracts — Subcapsular bilateral cataracts occurred in 10%, and unilateral in 63% 
of male rats treated with gemfibrozil at 10 times the human dose. 
PRECAUTIONS. 1. Initial Therapy — Laboratory studies should be done to ascertain 
that the lipid levels are consistently abnormal. Before instituting Lopid therapy, every at- 
tempt should be made to contro! serum lipids with appropriate diet, exercise, weight loss 
in obese patients, and control of any medical problems such as diabetes mellitus and 
hypothyroidism that are contributing to the lipid abnormalities. 
2. Continued Therapy — Periodic determination of serum lipids should be obtained, 
and the drug withdrawn if lipid response is inadequate after 3 months of therapy. 
3, Drug Interactions —(A) Lovastatin: Rhabdomyolysis has occurred with combined 
i gemfibrozil and lovastatin therapy. It may be seen as early as 3 weeks after initiation of 
combined therapy or after several months. In most subjects who have had an unsatisfac- 
tory lipid response to either drug alone, the possible benefit of combined therapy with 
lovastatin and gemfibrozil dees not outweigh the risks of severe myopathy, rhab- 
domyolysis, and acute renal failure. There is no assurance that periodic monitoring of 

| creatine kinase will prevent the occurrence of severe myopathy and kidney damage. 

(B) Anticoagulants: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 
LANTS ARE GIVEN IN CONJUNCTION WITH LOPID. THE DOSAGE OF THE ANTI- 
COAGULANT SHOULD BE REDUCED TO MAINTAIN THE PROTHROMBIN TIME AT 
THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT 
PROTHROMBIN DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN 
DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL HAS STABILIZED. 

4, Carcinogenesis, Mutagenesis, Impairment of Fertility — Long-term studies 
have been conducted in rats and mice at one and ten times the human dose. The inci- 
dence of benign liver nodules and liver carcinomas was significantly increased in high 
dose male rats. The incidence of liver carcinomas increased also in low dose males, 
but this increase was:not statistically significant (p=0.1). In high dose female rats, there 
was a significant increase in the combined incidence of benign, and malignant liver 
neoplasms. In male and female mice, there were no statistically significant differences 
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RAISES HDL, LOWERS LDL AND TRIGLYCERIDES 
DRAMATICALLY REDUCES HEART ATTACK 
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Lopid® (Gemfibrozil Capsules and Tablets) we = 
from controls in the incidence of liver tumors, but the doses tested were lower than those 
shown to be carcinogenic with other ‘ibrates. 

Male rats had a dose-related and statistically significant increase of benign Leydig cell 
tumors at 1 and 10 times the human dose. 

Electron microscopy studies have demonstrated a florid hepatic peroxisome prolifera- 
tion following Lopid administration to the male rat. An adequate study totest for perox- 
isome proliferation has not been done in humans but changes in peroxisome 
morphology have been observed. Peroxisome proliferation has been shown to occur in 
humans with either of two other drugs of the fibrate class when liver biopsies were com- 
pared before and after treatmentin the same individual. 

Administration of approximately three or ten times the human dose to male rats for 10 weeks 
resulted in a dose-related decrease of fertility. Subsequent studies demonstrated that this 
effect was reversed after a drug-free period of about eight weeks, and it was not transmit- 
ted to the offspring. 

5, Pregnancy Category B—Reproduction studies have been performed in the rat at 
doses 3 and 9 times the human dose, and in the rabbit at 2 and 6.7 times the human 
dose. These studies have revealed no evidence of impaired fertility in females or harm to 
the fetus due to Lopid. Minor fetotoxicity was manifested by reduced birth rates observed 
atthe high cose levels. No significant malformations were found among almost 400 off- 
spring from 36 litters of rats and 100 fetuses from 22 litters of rabbits. 

There are no studies in pregnant women. In view of the fact that Lopid is tumorigenic in 
male and female rats, the use of Lopid in pregnancy should be reserved for those pa- 
tients where the benefit clearly outweighs the possible risk to the patient or fetus. 

6, Nursing Mothers — Because of the potential for tumorigenicity shown for gem- 
fibrozil in rats, a decision should be made whether to discontinue nursing or discontinue 
the drug, taking into account the importance of the drug to the mother. 

7. Hematologic Changes — Mild hemoglobin, hematocrit and white blood cell 
decreases have been observed in occasional patients following initiation of Lopid 
therapy. However, these levels stabilize during long-term administration. Rarely, severe 
anemia, leukopenia, thrombocytopenia, and bone marrow hypoplasia have been 
reported. Therefore, periodic blood counts are recommended during the first 12 months 
of Lopid administration. 

3. Liver Function — Abnormal liver function tests have been observed occasionally 
during Lopid administration, including eleva- 
tions of AST (SGOT), ALT (SGPT), LDH, bili- 
rubin, and alkaline phosphatase. These are 
usually reversible when Lopid is discon- 
tinued. Therefore periodic liver function 
studies are recommended and Lopid therapy 
should be terminated if abnormalities persist. 

9. Use in Children — Safety and efficacy in 
children have not been established. 
ADVERSE REACTIONS. In the double-blind 
controlled phase of the Helsinki Heart Study, 
2046 patients received Lopid for up to 5 years. 
In that study, the following adverse reactions 
were statistically more frequent in subjects in 
the Lopid group (placebo incidence in paren- 
theses): gastrointestinal reactions, 34.2% 
(23.8%); dyspepsia, 19.6% (11.9%); abdominal pain, 9.8% (5.6%); acute appendicitis 
(histologically confirmed in most cases where data are available), 1.2% (0.6%); atrial 
fibrillation, 0.7% (0.1%). 

Adverse events reported by more than 1% of subjects, but without a significant differ- 
ence between groups (placebo incidence in parentheses) were: diarrhea, 7.2% (6.5%); 
fatigue, 3.8% (3.5%); nausea/vomiting, 2.5% (2.1%); eczema, 1.9% (1.2%); rash, 1.7% 
(1.3%); vertigo, 1.5% (1.3%); constipation, 1.4% (1.3%); headache, 1.2% (1.1%). 
Gallbladder surgery was performed in 0.9% of Lopid and 0.5% of placebo subjects, a 
64% excess, which is not statistically different from the excess of gallbladder surgery 
observed in the clofibrate compared to the placebo group of the WHO study. 

Nervous system and special senses adverse reactions were more common inthe 
Lopid group. These included hypesthesia, paresthesias, and taste perversion. Other 
adverse reactions that were more common among Lopid treatment group subjects but 
where a causal relationship was not established include cataracts, peripheral vascular 
disease, and intracerebral hemorrhage. 

From other studies it seems probable that Lopid is causally related to the occurrence 
of musculoskeletal symptoms (See WARNINGS), and to abnormal liver function 
tests and hematologic changes (See PRECAUTIONS). 

Reports of viral and bacterial infections (common cold, cough, urinary tract infections) were 
more common in gemfibrozil-treated patients in other controlled Clinical trials of 805 patients. 
Additional adverse reactions that have been reported for gemfibrozil are listed below 

by system. These are categorized according to whether a causal relationship to treat- 
ment with Lopid is probable or not established: 

CAUSAL RELATIONSHIP PROBABLE: Gastrointestinal: cholestatic jaundice; Central 
Nervous System: dizziness, somnolence, paresthesia, peripheral neuritis, decreased 
libido, depression, headache; Eye: blurred vision; Genitourinary: impotence; 
Musculoskeletal: myopathy, myasthenia, myalgia, painful extremities, arthralgia, 
synovitis, rhabdomyolysis (see WARNINGS and Drug Interactions under PRECAU- 
TIONS); Clinical Laboratory: increased creatine phosphokinase, increased bilirubin, in- 
creased livertransaminases (AST [SGOT], ALT [SGPT]), increased alkaline phosphatase, 
Hematopoietic: anemia, leukopenia, bone marrow hypoplasia, eosinophilia; Im- 
munologic: angioedema, laryngeal edema, urticaria; Integumentary: exfoliative der- 
matitis, rash, dermatitis, pruritus. 

CAUSAL RELATIONSHIP NOT ESTABLISHED: General: weight loss; Cardiac: extrasys- 
toles; Gastrointestinal: pancreatitis, hepatoma, colitis; Central Nervous System: confu- 
sion, convulsions, syncope; Eye: retinal edema; Genitourinary: decreased male fertility; 
Clinical Laboratory: positive antinuclear antibody; Hematopoietic: thrombocytopenia; 
Immunologic: anaphylaxis, Lupus-like syndrome, vasculitis; Integumentary: alopecia. 
DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200 mg 
administerediin two divided doses.30 minutes before the morning and evening meal, 
MANAGEMENT OF OVERDOSE. While there has been no reported case of over- 
dosage, symptomatic supportive measures should be taken should it occur. 
References: 1. Frick MH, Elo O, Haapa K, et al: Helsinki Heart Study: Primary preven- 
tion trial with gemfibrozil in middle-aged men with dyslipidemia. N Engl J Med 
1987:317:1237-1245. 2. Manninen V, Elo O, Frick MH, et al: Lipid alterations and decline 
inthe incidence of coronary heart disease in the Helsinki Heart Study. JAMA 1988; 
260:641-651. 3. Nikkila EA: Familial lipoprotein lipase deficiency and related disorders of 
chylomicron metabolism. In Stanbury J B. et al. (eds.): The Metabolic Basis of Inherited 
Disease, 5th ed., McGraw-Hill, 1983, Chap. 30, pp. 622-642. 
Caution — Federal law prohibits dispensing without prescription. 
PARKE-DAVIS 

Div of Warner-Lambert Co 

Morris Plains, NJ 07950 USA 
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[diltiazem * hydrochloride] 
BOLUS/INFUSION 


GAINS HEART RATE 
CONTROL QUICKLY... 
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[diltiazem f hydrochloride} 
BOLUS/INFUSION 








Should be used with continuous monitoring of ECG and blood pressure to avoid 
hypotension or bradycardia. Infusion rate/dose should be regulated accordingly. 
A defibrillator and emergency equipment should be readily available. 


CIVXE461/A3318 


For heart rate control during atrial fibrillation and flutter 


MAINTAINS 
HEART RATE CONTROL 
SAFELY 


FAST 


m 3-minute onset of action from first bolus injection’ 
m 95% response rate within 2 to 7 minutes of administration’ 
m |-to 3-hour duration of action with initial bolus 


SAFE 





m 4.3% incidence of asymptomatic hypotension'* 

m 3.2 % incidence of symptomatic hypotension'* 

m 3.9% incidence of injection site reaction’ 

m 1.7% incidence of flushing’ 

m Little negative inotropic effect" 

m Not to be used in patients with WPW and short PR syndrome 


Other contraindications: sick sinus syndrome and second- or third-degree 
AV block, except with a functioning pacemaker; severe hypotension and shock; 
hypersensitivity; recent IV beta-blockers: ventricular tachycardia. 


CONTINUOUS CONTROL 


m Heart rate control through infusion for Up to 24 hours’? 


Cardizem Injectable is indicated for temporary control of rapid ventricular 
rate during atrial fibrillation and flutter; conversion to normal sinus rhythm 
is not greater than placebo, 


“Occurs most often during or immediately following bolus injection. 
TCaution should be used in patients with congestive heart failure. 





Please see brief summary of prescribing information on next page. 076381 





CONVENIENT DOSAGE 





BOLUS: 0.25 mg/kg 


actual body weight 
over 2 minutes 


20 mg average patient 


BOLUS: 0.35 mg/kg 


actual body weight 
over 2 minutes 


25 mg average patient 


INFUSION: 
10* to 15 mg/hr 


*5 mg/hr may be appropriate 
starting infusion for some 
patients. 
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BRIEF SUMMARY 


CARDIZEM® Injectable 
(diltiazem hydrochloride) 


INDICATIONS AND USAGE 

CARDIZEM Injectable (diltiazem hydrochloride) is indicated for the following: 

1. Atrial Fibrillation or Atrial Flutter. Temporary control of rapid ven- 
tricular rate in atrial fibrillation or atrial flutter. It should not be used in patients 
with atrial fibrillation or atrial flutter associated with an accessory bypass 
tract such as in Wolff-Parkinson-White (WPW) syndrome or short 
PR syndrome. 

2. Paroxysmal Supraventricular Tachycardia. Rapid conversion of parox- 
ysmal supraventricular tachycardias (PSVT) to sinus rhythm. This includes 
‘AV nodal reentrant tachycardias and reciprocating tachycardias associated 
with an extranodal accessory pathway such as the WPW syndrome or short 
PR syndrome. Unless otherwise contraindicated, appropriate vaga! maneu- 
vers should be attempted prior to administration of CARDIZEM Injectable. 

The use of CARDIZEM Injectable for control of ventricular response in patients 
with atrial fibrillation or atrial flutter ør conversion to sinus rhythm in patients 
with PSVT should be undertaken with caution when the patient is compromised 
hemodynamically or is taking other drugs that decrease any or all of the fol- 
lowing: peripheral resistance, myocardial filling, myocardial contractility, or 
electrical impulse propagation in the myocardium. 

For either indication and particularly when employing continuous 

intravenous infusion, the setting should include continuous monitoring 

ofthe ECG and frequent measurement of blood pressure. A defibrillator 
and emergency equipment should be readily available. 

In domestic controlled trials in patients with atrial fibrillation or atrial flutter, 

bolus administration of CARDIZEM Injectable was effective in reducing heart 

rate by at least 20% in 95% of patients. CARDIZEM Injectable rarely converts 
atrial fibrillation or atrial flutter to normal sinus rhythm. Following administration 
of one or two intravenous bolus doses of CARDIZEM Injectable, response 
usually occurs within 3 minutes and maximal heart rate reduction generally 
occurs in 2 to 7 minutes. Heart rate reduction may last from 1 to 3 hours. If 
hypotension occurs, it is generally short lived, but may last from 1 to 3 hours. 

A 24-hour continuous infusion of CARDIZEM Injectable in the treatment of atrial 

fibrillation or atrial flutter maintained at least a 20% heart rate reduction dur- 

ing the infusion in 83% of patients. Upon discontinuation of infusion, heart 
rate reduction may last from 0.5 hours to more than 10 hours (median dura- 
tion 7 hours). Hypotension, if it occurs, may be similarly persistent 

In the controlled clinical trials, 3.2% of patients required some form of inter- 

vention (typically, use of intravenous fluids or the Trendelenburg position) for 

blood pressure support following CARDIZEM Injectable. 

In domestic controlled trials, bolus administration of CARDIZEM Injectable was 

effective in converting PSVT to normal sinus rhythm in 88% of patients within 

3 minutes of the first or second bolus dose. 

Symptoms associated with the arrhythmia were improved in conjunction with 

decreased heart rate or conversion to normal sinus rhythm following adminis- 

tration of CARDIZEM injectable 

CONTRAINDICATIONS 

CARDIZEM Injectable is contraindicated in: 

1 . Patients with sick sinus syndrome except in the presence of a functioning 
ventricular pacemaker. 

2. Patients with second- or third-degree AV block except in the presence of 
a functioning ventricular pacemaker. 

3. Patients with severe hypotension or cardiogenic shock. 

4, Patients who have demonstrated hypersensitivity to the drug. 

5. Intravenous diltiazem and intravenous beta-blockers should not be 
administered together or in close proximity (within a few hours). 

6. Patients with atrial fibrillation or atrial flutter associated with an accessory 
bypass tract such as in WPW syndrome or short PR syndrome. 

‘As with other agents which slow AV nodal conduction and do not prolong 
the refractoriness of the accessory pathway (eg, verapamil, digoxin), in rare 
instances patients in atrial fibrillation or atrial flutter associated with an acces- 


sory bypass tract may experience a potentially life-threatening increase in 
heart rate accompanied by hypotension when treated with CARDIZEM Injec- 
table. As such, the initial use of CARDIZEM Injectable should be, if 
possible, in a setting where monitoring and resuscitation capabilities, includ- 
ing DC cardioversion/defibrillation, are present (see OVERDOSAGE). Once 
familiarity of the patient's response is established, use in an office setting 
may be acceptable. 


7. Patients with ventricular tachycardia. Administration of other calcium chan- 
nel blockers to patients with wide complex tachycardia (QRS = 0.12 


seconds) has resulted in hemodynamic deterioration and ventricular fibril-_ 


lation. Itis important that an accurate pretreatment diagnosis distinguish 
wide complex ORS tachycardia of supraventricular origin from that of 
ventricular origin prior to administration of CARDIZEM Injectable. 


WARNINGS 

1. Cardiac Conduction. Diltiazem prolongs AV nodal conduction and refrac- 
toriness that may rarely result in second- or third-degree AV blockin sinus 
rhythm. Concomitant use of diltiazem with agents known to affect cardiac 
conduction may result in additive effects (see Drug Interactions) If 
nigh-degree AV block occurs in sinus rhythm, intravenous diltiazem should 
be discontinued and appropriate supportive measures instituted (see 
OVERDOSAGE). 


2. Congestive Heart Failure. Although diltiazem has a negative inotropic 
affect in isolated animal tissue preparations, hemodynamic studies in 
humans with normal ventricular function and in patients with a com- 
promised myocardium, such as severe CHF, acute MI, and hypertrophic 
cardiomyopathy, have not shown a reduction incardiac index nor consis- 
tent negative effects on contractility (dp/dt). Administration of oral diltia- 
zemin patients with acute myocardial infarction and pulmonary congestion 
documented by x-ray on admission is contraindicated. Experience with the 
use of CARDIZEM Injectable in patients with impaired ventricular function 
is limited, Caution should be exercised when using the drug in such patients. 


3. Hypotension. Decreases in blood pressure associated with CARDIZEM 
Injectable therapy may occasionally result in symptomatic hypotension 
(3.2%). The use of intravenous diltiazem for contro! of ventricular response 
in patients with supraventricular arrhythmias-should be undertaken with 
caution when the patient is compromised hemodynamically. In addition, 
caution should be used in patients taking other drugs that decrease 
oeripheral resistance, intravascular volume, myocardial contractility 
or conduction. 


4. Acute Hepatic Injury. In rare instances, significant elevations in enzymes 
such as alkaline phosphatase, LDH, SGOT, SGPT, and other phenomena 
consistent with acute hepatic injury have been noted following oral diltia- 
zem. Therefore, the potential for acute hepatic injury exists following 
administration of intravenous diltiazem. 


5. Ventricular Premature Beats (VPBs). PBs may be present on conver- 
sion of PSVT to sinus rhythm with CARDIZEM Injectable. These VPBs are 
transient, are typically considered to be benign, and appear to have no 
clinical significance. Similar ventricular complexes have been noted dur- 
ing cardioversion, other pharmacologic therapy, and during spontaneous 
conversion of PSVT to sinus rhythm 


PRECAUTIONS 

General. CARDIZEM (diltiazem hydrochloride) is extensively metabolized by 
the liver and excreted by the kidneys and in bile. The drug should be used with 
caution in patients with impaired renal or hepatic function (see WARNINGS) 
High intravenous dosages (4.5 mg/kg tid) administered to dogs resulted in sig- 
nificant bradycardia and alterations in AV conduction. In subacute and chronic 
dog and rat studies designed to produce toxicity, high oral doses of diltiazem 
were associated with hepatic damage. In special subacute hepatic studies, 
oral doses of 125 mg/kg and higher in rats were associated with histological 
changes in the liver, which were reversible when the drug was discontinued 
In dogs, oral doses of 20 mg/kg were also associated with hepatic changes; 
however, these changes were reversible with continued dosing. 
Dermatologic events progressing to erythema multiforme and/or exfoliative 
dermatitis have been infrequently reported following oral diltiazem. Therefore, 
the potential for these dermatologic reactions exists following exposure to 


intravenous diltiazem. Should a dermatologic reaction persist, the drug should 
be discontinued. 


Drug Interactions. Due to potential for additive effects, caution is warranted 
in patients receiving CARDIZEM Injectable concomitantly with any agent(s) 
known to affect cardiac contractility and/or SA or AV node conduction 
(see WARNINGS). 


Aswith all drugs, care should be exercisedwhen treating patients with multi- 
ple medications. CARDIZEM undergoes extensive metabolism by the 
cytochrome P-450 mixed function oxidase system. Although specific phar- 
macokinetic drug-drug interaction studies have not been conducted with single 
intravenous injection or constant rate intravenous infusion, coadministration 
of CARDIZEM Injectable with other agents which primarily undergo the same 
route of biotransformation may result in competitive inhibition of metabolism. 
Digitalis: Intravenous diltiazem has been administered to patients receiving 
either intravenous or oral digitalis therapy. The combination of the two drugs 
was well tolerated without serious adverse effects. However, since both drugs 
affect AV nodal conduction, patients should be monitored for excessive slowing 
of the heart rate and/or AV block. 

Beta-blockers: Intravenous diltiazem has been administered to patients on 
chronic oral beta-blocker therapy. The combination of the two drugs was gener- 
ally well tolerated without serious adverse effects. If intravenous diltiazem is 
administered to patients receiving chronic oral beta-blocker therapy, the pos- 
sibility for bradycardia, AV block, and/or depression of contractility should be 
considered (see CONTRAINDICATIONS). Oral administration of diltiazem with 
propranolol in five normal volunteers resulted in increased propranolol levels 
in all subjects and bioavailability of propranolol was increased approximately 
50%. In vitro, propranolol appears to be displaced from its binding sites 
by diltiazem. 

Anesthetics: The depression of cardiac contractility, conductivity, and automa- 
ticity as well as the vascular dilation associated with anesthetics may be poten- 
tiated by calcium channel blockers. When used concomitantly, anesthetics 
and calcium blockers should be titrated carefully, 


Carcinogenesis, Mutagenesis, Impairment of Fertility. A 24month study 
in rats at oral dosage levels of up to 100 mg/kg/day, and a.21-month study in 
mice at oral dosage levels of up to 30 mg/kg/day showed no evidence of car- 
cinogenicity, There was also no mutagenic response in vitro or in vivo in mam- 
malian cell assays or in vitro in bacteria. Neevidence of impaired fertility was 
observed in a study performed in male anc female rats at oral dosages of up 
to 100 mg/kg/day. 

Pregnancy. Category C. Reproduction studies have been conducted in mice, 
rats, and rabbits, Administration of oral doses ranging from five to ten times 
greater (on a mg/kg basis) than the daily recommended oral antianginal ther- 
apeutic dose has resulted in embryo and fetal lethality. These dases, insome 
studies, have been reported to cause skeletal abnormalities. In the perinatal/ 
postnatal studies there was some reduction in early individual pup weights and 
survival rates. There was an increased incidence of stillbirths at doses of 20 
times the human oral antianginal dose or greater. 


There are no well-controlled studies in pregnant women; therefore, use 
CARDIZEM in pregnant women only if the pctential benefit justifies the potential 
risk to the fetus g 

Nursing Mothers. Diltiazem is excreted inhuman milk. One report with oral 
diltiazem suggests that concentrations in breast milk may approximate serum 
levels, If use of CARDIZEM is deemed essential, an altemative method of infant 
feeding should be instituted. 


Pediatric Use. Sefety and effectiveness in children have not been established. 


ADVERSE REACTIONS 
The following adverse reaction rates are based on the use of CARDIZEM 
Injectable in over 400 domestic clinical trial patients with atrial fibrillation/fiutter 
or PSVT under double-blind or open-label conditions. Worldwide experience 
in over 1,300 patients was similar. 
Adverse events reported in controlled and uncontrolled clinical triats were gener- 
ally mild and transient. Hypotension was the:most commonly reported adverse 
event during clinical trials. Asymptomatic nypotension occurred in 4.3% of 
patients. Symptomatic hypotension occurred in 3.2% of patients. When treat- 
ment for hypotension was required, it generally consisted of administration 
of saline or placing the patient in the Trendelenburg position. Other events 
reported in at least 1% of the diltiazem-treated patients were injection site reac- 
tions (eg, itching, burning) —3.9%, vasodilation (flushing) —1.7%, and 
arrhythmia (junctional rhythm or isorhythmic dissociation) — 1 0%. 
In addition, the following events were reported infrequently (less than 1%): 
Cardiovascular: Atrial flutter, AV block first degree, AV block second 
degree, bradycardia, chest pain, congestive heart 
failure, sinus pause, sinus node dysfunction, syncope, 
ventricular arrhythmia, ventricular fibrillation, ventric- 
ular tachycardia. 


Dermatologic: Pruritus, sweating. 


Gastrointestinal: Constipation, elevated SGOT or alkaline phosphatase, 
nausea, vomiting. 

Nervous System: Dizziness, paresthesia. 

Other: Amblyopia, asthenia, dry mouth, dyspnea, edema, 


headache, hyperuricemia 
Although not observed in clinical trials with CARDIZEM Injectable, other 
reactions associated with oral diltiazem may occur. 
Product information as of October 1991 
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Stuart, Martin Buchi, James Billings, William Armstrong, Thomas Ports, 
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This study is a randomized, controlled, blinded, arteriographic trial to 
determine effects of a low-cholesterol, low-fat, vegetarian diet, stress 
management and moderate aerobic exercise on geometric dimensions, 
shape and fluid dynamic characteristics of coronary artery stenoses in 
humans. Different stenosis dimensions may change in opposite directions 
causing stenoses to remold with effects on functional severity not account- 
ed for by percent narrowing. Accordingly, all stenotic dimensions were 
analyzed, including proximal, minimal and distal diameter, integrated 
length and exit effects determining stenosis shape, and an integrated 
measure, stenosis flow reserve, reflecting functional severity. In the control 
group, complex shape change and stenosis molding characteristic of statis- 
tically significant progressing severity occurred with worsening of stenosis 
flow reserve. In the treated group, complex shape change and stenosis- 
molding characteristic of significant regressing severity occurred with 
improved stenosis flow reserve, thereby documenting the multidimension- 
al characteristics of regressing coronary artery disease in humans. 
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The relation between the amount of ischemic and hibernating myocardi- 
um, and changes in left ventricular function and exercise capacity after 
revascularization was examined in 23 patients after infarction. Preopera- 
_ tive myocardial perfusion (using rubidium-82) and fasting postexercise 
fluoro-18 deoxyglucose (FDG) uptake were assessed by positron emission 
tomography. Using improvement in an echocardiographic regional wall - 
~ motion score before and after revascularization to define myocardial via- 
` bility, the predictive accuracy of a positive FDG “hotspot” was 19 of 26. 
(73%), with a negative predictive accuracy of 35 of 47 (74%). Patients 
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For your 
suboptimally 
controlled 
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INDICATIONS AND USAGE 


VASCOR is indicated for the treatment of chronic 
stable angina (classic effort-associated angina). 


Because VASCOR has caused serious ventricular 
arrhythmias, including torsades de pointes-type 
ventricular tachycardia, and the occurrence of 
cases of agranulocytosis associated with its use 
(see WARNINGS), it should be reserved for 
patients who have failed to respond optimally to, 



















Another in a series of case reports 


A 
VASCOR wepridi HCI) 


8-year-old building painter* 





James P, 5 
PRESENTING SYMPTOM: Could not continue to work because of limiting angina 
HISTORY: Suboptimal response t0 a regimen of atenolol, diltiazem, 
and igosorbide dinitrate; remains uncontrolled despite 


angioplasty 


EXERCISE TOLERANCE Total exercise time: 5 min, 1 sec 
Time to 1-mm ST depression: 3 min, 12 sec 


TEST: 
Time to onset of angina: 2 min, 52 sec 


LABORATORY FINDINGS: Serum potassium: 4.3 mEq/L 
ECG: Nonspecific ST abnormality 
QTc interval: 406 msec 
CLINICAL COURSE: Diltiazem discontinued; VASCOR 200 mg QD initiated, 
resulting in some improvement 2, weeks; 
VASCOR dosage increased to 300 mg QD, resulting 
in marked improvement after 4 weeks 
EXERCISE TOLERANCE Total exercise time: 6 min, 1 sec 
TEST: Time to 1-mm ST depression: 4 min, 12 sec 
Time to onset of angina: 4 min, 2 sec 
QTc interval range 440 to 460 msec 


FOLLOW-UP: Over the next 3 months, James Pp. was able 
to return to his job part-time and experience 


angina only with extreme exertion 


SCOM 
BEPRIDIL HC) #82 


*Based on an actual case history submitted by Stephen P. Glasser, MD, Directo 
Unit for Research and Education, University of South Florida Health Science Center 
Please see prescribing information. 
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VASCOR® 


(bepridil hydrochloride) 
Tablets For Oral Administration 


INDICATIONS AND USAGE 

Chronic Stable Angina (Classic Effort-Associated Angina) 

VASCOR (bepridit hydrochloride} is indicated for the treatment of chronic stable angina (classic 
effort-associated angina), Because VASCOR has caused serious ventricular arrhythmias, 
including torsades de pointes type ventricular tachycardia, and the occurrence of cases of 
agranulocytosis associated with its use (see WARNINGS), it should be reserved for patients who 
have failed to respond optimally to, or are intolerant of, other anti-anginal medication. 
VASCOR may be used alone or in combination with beta blockers and/or nitrates. Controlled 
clinical studies have shown an added effect when VASCOR is. administered to patients already 
receiving propranolol. 


CONTRAINDICATIONS 
VASCOR (bepridii hydrochloride) is contraindicated in patients with a known sensitivity to bepridil 
hydrochloride. 


VASCOR is contraindicated in (1) patients with a history of serious ventricular arrhythmias (see 
WARNINGS--Induction of New Serious Arrhythmias), (2) patients with sick sinus syndrome or 
patients with second- or third-degree AV block, exceptin the presence of a functioning ventricular 
pacemaker, (3) patients with hypotension (less than 90 mm Has stolic), (4) patients with 
th elgg ingutta , (5) patients with congenital QT interval prolongation (see 
WARNINGS), and (6) patients taking other drugs that prolong QT interval (see PRECAUTIONS- 
Drug interactions). 


WARNINGS 
induction of New Serious Arrhythmias 


VASCGOR (bepridil hydrochloride) has Class 1 ait-arrhyihtie properties and, like other such 
-4 deugs, can induce new arenas, including VT/VF. In addition, because of its ability to 
ee pose the QT interval, VA! can cause torsades de pointes type ventricular tachycardia. 
Be e of these properties VASCOR should be reserved tor patients in whom other anti- 
anginal agents do notofter a satisfactory effect. 
in USctinical trials, the QT and QTc intervals were commonly prolonged by VASCOR in a dose- 
related fashion. While the mean prolongation of QTc was 8% and of QT was 10%, QTe 
increases of 25% or more wera not uncommon, 5%; 8.7% QT. Increased QT andQTc may be 
associated with torsades de pointes type VT, which was seen atleast briefly, in about 1.0% of 
patients in US trials; in many cases, however, patients with marked prolongation of QTc were 
taken off VASCOR therapy. All of the US patients with torsades de pointes had a prolonged QT 
interval and relatively iow serum potassium. French marketing experience has reported over 
one-hundred verified cases of torsades de pointes. While this number based on total use, 
represents arate of only 0.01%, the true rate is undoubtedly much higher, as spontaneous 
reporting systems all suffer from substantial under reporting, 
Torsades de pointes is a polymorphic ventricular tachycardiaoften but not always associated 
with a prolonged QT interval, andoften drug induced. The relation between the degree of QT 
prolongation and the development of torsades de pointes is not linear and the likelihood of 
torsades appears to be increased by hypokalemia, use of potassium wasting diuretics, and the 
presence of antecedent bradycardia. While the sate ul pper limit of QT is not defined, itis 
ie aioe d thatthe interval not be parmitted to exceed 0.52 seconds during treatment. If dose 
reduction does not eliminate the excessive prolongation, VASCOR shouldbe stopped. 
Because most domestic and foreign cases of torsades have developed in patients with 
hypokalemia, usually related to diuretic use or significant liver disease, if concomitant diuretics 
are needed, low doses and addition or primary use of a potassium sparing diuretic should be 
nsidered and serum potassium shouldbe monitored. 
\VASCOR has been associated with the usual range of pro-arhythmie effects characteristic of 
Class 4 anti-arrhythmics {increased premature ventricular contraction rates, new sustained VT, 
{ and VT/VF thatis more difficult than previouslyto convertto sinus rhythm). Use in patients with 
: -f severe arrhythmias (who are most susceptible to certain pro-arrhythmic effects) has been 
`: -f limited, so thatrisk in these patients is notdetined, 
inthe National Heart, Lung and Blood institute's Cardiac Arrhythmia Suppression Trial (CAST), 
along-term, multi-centered, randomized, double-blind study in patients with asymptomatic 
noniife-threatening ventricular arrhythmias who had myocardial infarctions more than six days 
butless than two years previously, an excess mortality/non-fatal cardiac arrest rate was seen 
inpatients treated with encainide or tlecainide (56/730) compared with that seen in patients 
assigned to matched placebo-treated groups (22/725), The applicability of these results to 
other populations (e.g. those withoutracent myocardial infarction) or to other anti-arrhythmic 
drugsis uncertain, bul atpresentitis prudent to consider any drug documented to provoke new 
$ serious arrhythmias or worsening of preexisting arrhythmias as having a similar risk andto 
‘avoid their use in the post-intarction period. 


Agranulocytosis: In US clinical trials of over 800 patients treated with VASCOR for up to five 
years, two cases of marked leukopenia and neutropenia were reported. Both patients were 
diabetic and elderly. One died with overwhelming gram-negative sepsis, itself a possible cause 
< gt marked leukopenia. The other patientrecovered rapidly when VASCOR was stopped. 
Congestive Heart Failure: Congestive heart failure has bean observed infrequently (about 1%) 
during US controlled clinical trials, but experience with the use of VASCOR in patients with 
significantly impaired ventricular function is limited. Thera is little information on the effect of 
concomitant administration of VASCOR and digoxin: therefore, caution should be exercised in 
treating patients with congestive heart failure. 
‘Hepatic Enzyme Elevation: in US clinical studies with VASCOR in about 1000 patients and 
Subjects, clinically significant (atleast 2 times the upper limit at normai) transaminase elevations 
were observed in approximately 1% of the patients. None of these dpe became clinically 
‘symptomatic or jaundiced and values returned to normai when the drug was stopped, 
Hypokatemia: in clinical trials VASCOR has not been reported to reduce serum potassium levels. 
Because hypokalemia has been associated with ventricular arrhythmias, potassium insufficiency 
should be corrected betore VASCOR therapy is initiated and normal potassium concentrations 
ane be maintained during VASCOR therapy. Serum potassium should be monitored periodi- 
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:" PRECAUTIONS 
: General 


: „bundle branch block or sinus bradycardia (less than 50b.p.m.), Care should also be exercised 
4opatients with serious Ucar renal disorders because patients have not been studied 

and bepridilis highly metabolized, with metabolites excreted primarily in the urine. 

Recent Myocardial infarction 

in US clinical trials with VASCOR, patients with myocardial infarctions within three months prior 
toinitiation of drug treatment were excluded. The initiation of VASCOR therapy in such patients, 
therefore, cannot be recommended. 

information tor Patients 

Since QT prolongation is not associated with defined symptomatology, patients should be 
instructed on the importance of maintaining any potassium supplementation or potassium sparing 
<: diuretic, and the need for routine electrocardiograms and periodic monitoring of serum potassium, 
<The following Patient Information is printed on the carton label of each unit of use bottle of 30 


Caution should be exercised when usin ess tan 80pm] Careshouda atients with lett 


“Aswith any medication that you take, you should notify your physician of any changes in your 
‘overall condition. insure that you follow your physician's instructions cael allow up viens, 
~ Please not any ician who treats you for a medical condition that you are taking VA‘ 
` {bepridil hydrochloride) 


COR” 
, aS well as any other medications. 








Drug interactions Pe ee 
Nitrates: The concomitantuse of VASCOR withlong- and short-acting nitrates has teen sately = 
tolerated in patients with stable angina pectoris: Sublingual nitroglycerin may be taken $ 
necessary for the control of acute angina attacks during VASCOR therapy. : 
Beta-blocking Agents: The concomitant use of VASCOR and beta-blocking agents has been 
well tolerated in patients with stable angina. Available data are not sufficient, however, to predict 
the effects of concomitant medication on patients with impaired ventricular function or cardiac 
conduction abnormalities (see DOSAGE AND ADMINISTRATION). 
Digoxin: In controlled studies in healthy volunteers, bepridil hydrochloride either had no effect 
{one study) or was associated with modest increases, about 30% (two studies) insteady-state 
serum digoxin concentrations. Limited clinical data in angina patients receiving concomitant 
bepridil hydrochloride and digoxin therapy indicate no discernible changes in serum digoxin 
levels. Available data are neither sufficient to rule out possible increases in serum digoxin with 
concomitant treatmentin some patients, nor other possible interactions, particularly in patients 
with cardiac conduction abnormalities (also see WARNINGS-Congestive Heart Failure). ° 
Oral Hypoglycemics: VASCOR has been safely used in diabetic patients without significantly 
lowering their blood glucose levels or altering their need for insulin or oral hypoglycemic agents. 
General interactions: Certain drugs could increase the likelihood of potentially serious adverse 
effects with bepridif hydrochloride. ingeneral, these are drugs rmacolag! 
activities similar to bepridil hydrochloride, including anti-arrhythmic agents suchas quinidine and: 
procainamide, cardiac glycosides and tricyclic anti-depressants. Ant-arrhythmics and tricyclic 
anti-depressants could exaggerate the prolongation of the QT interval observed with bepridil 
hydrochloride. Cardiac glycosides could exaggerate the depression of AV nodal conductiori 
observed with bepridil hydrochloride. 
Carcinogenesis, Mutagenesis, impairment of Fertility 
No evidence of carcinogenicity was revealed in one lifetime study in mice at dosages.upto 60 
times (for a 60 kg subject) the maximum recommended dosage in man. Unilateral follicular 
adenomas of the thyroid were observed ina study in rats following litetime administration at high 
doses of bepridil hydrochloride, i.e., 2100 mg/kg/day (20 times the usual recommended dose in 
man). No mutagenic or other genotoxic potential of bepridil hydrochloride was found in the 
following standard laboratory tests: the Micronucleus Test for Chromosomal Effects, the Liver 
Microsome Activated Bacterial Assay for Mutagenicity, the Chinese Hamster Ovary Cell Assay 
for Mutagenicity, and the Sister Chromatid Exchange Assay, No intrinsic effect on fertility by 
bepridil hydrochloride was demonstratedin rats. 
Inmonkeys, at 200 mg/kg/day, there was a decrease in testicular weight and spermatogenesis. 
There were no systematic studies in man related to this point. inrats, atdoses up to 300 mg/kg 
day, there was no observed alteration of mating behavior nor ot repraductive performance. 
Usage in Pregnancy 
Pregnancy Category C. Reproductive studies (fertility and peri-postnatal}have been conducted 
inrats. Reduced litter size atbirth and decreased pup survival during ‘actation were observed at 
maternal dosages 37 times (on a mg/kg basis) the maximum daily recommended therapeutic: 
e. 


dosage. 

In teratology studies, no effects were observed in rats or rabbits at these samedosages. 
There are no well-controlled studies in pregnant women. Use VASCOR in pregnant or nursing 
women only ifthe potential benefit justifies the potential risk. 

Nursing Mothers 

Bepridil is excreted in human milk. Bepridil concentration in human milk is estimated to reach 
about one third the concentration in serum. Because of the potential for serious adverse reactions 
in nursing infants from VASCOR a decision should be mados 

discontinue the drug, taking into account the importance of the drug to the mother. 

Pediatric Use 

The safety and effectiveness of VASCOR in children have not been established. 


ADVERSE REACTIONS 

Adverse reactions were assessed in 529 patients who received barrie ridil hydrochloride} 
in controlled trials of 4-12 weeks duration and longer-term uncontrolled studias. The most 
common side effects occurring more frequently than in control groups were upper gastrointestinal. = 
complaints (nausea, dyspepsia or Gl distress) in about 22%, diarrhea in about 8%, dizziness in: 
about 15%, asthenia in about 10% and nervousness in about 7%. The adverse reactions seen 

in atleast 2% of bepridil patients in controlled trials are shown in the following list. 

Body as a Whole: Asthenia, Headache, Flu Syndrome Cardiovascular/Respitatory: Palpita- 
tions, Dyspnea, Respiratory infection Gastrointestinal: Dyspepsia, G.|, Distress, Nausea, Dry- 
Mouth, Anorexia, Diarrhea, Abdominal Pain, Constipation Centrat Nervous System: Drowsy, 
Insomnia, Dizziness, Tremor, Tremor of Hand, Paresthesia Psychlatric: Nervous Spectal 
Senses: Tinnitus. 

About 15% of patients however, left bepridil treatment because of adverse experiences. In 
controlled clinical trials, these were principally gastrointestinal (1.0%), dizziness (1.0%), ventricu- 
lar arrhythmias (1.0%) and syncope (0.6%). 

Across all controlled and uncontrolled trials, VASCOR was evaluated in over 800 patients with 
chronic angina. In addition to the adverse reactions noted above, the following ware observed iri 
0.510 2.0% of the VASCOR patients or are rarer, but potentially important events seen in clinical 
studies or reported in post marketing radi In most cases itis not possible te determine 
whether there is a causal relationship to bepridil treatment. 

Body asa Whole: Fever, pain, myalgic asthenia, superinfection, fiu syndrome. Cardiovascular; 
Respiratory: Sinus tachycardia, sinus bradycardia, hypertension vasodilation, edema, ventricular 
premature contractions, ventricular tachycardia, prolonged QT interval, rhinitis, cough, pharyngitis. 
Gastrointestinal: Flatulence, gastritis, appetite increase, dry mouth, constipation. Museulo- 
skeletal; Arthritis. Central Nervous System: Fainting, ei, akathisia, drowsiness, insomnia, 
tremor. Psychiatric: Depression, anxiousness, adverse behavior effect. Skin: Rash, sweating, 
skin irritation. Special Senses: Blurred vision, tinnitus, taste change. Urogenital: oss of libido, 
impotence. Abnormal Lab Values: Abnormal liver function test, SGPT increase. 

Certain cardiovascular events, such as acute myocardial infarction (about 3% of pareve : 
worsened heart failure (1.9%), worsened angina (4.5%), severe arrhythmia (about 2.4% VT/VF) 
and sudden death (1.6%) have occurredin pateni receiving bepridil, buthavenotbeen included 
as adverse events use they appear to be, and cannot be distinguished from, manifestations 
of the patient's underlying cardiac disease. Such events as torsades de ponies arrhythmias, 
proiangag QT/QTe, bradycardia, firstdegree heart block, which are probably related to bepridil, 
are included in the tables. 


OVERDOSAGE 

in the event of overdosage, we recommend close observation in a cardiac care facility for a 
minimum of 48 hours and use of appropriate supportive measures in addition to gastric lavage. 
Beta-adrenergic stimulation or parenteral administration of calcium solutions may increase 
transmembrane calcium ion influx. Clinically significant hypotensive reactions or high-degree AV 
block should be treated with vasopressor agents or cardiac pacing, resi ctively. Ventricular 
tachycardia shouldbe handled by cardioversion and, itpersistent, by overdrive pacing. Therehas 
beenone experience with overdosage in which a patient inadvertently took a single of 1600 
mgot VASCOR (bepridit hydrochloride). The patient was observed for 72 hours in intensive-care, 
but no significant adverse experiences were noted. 
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At any given time 

the average pacemaker 
report on how the 
pacemaker is performing. 


PD," the new diagnostic software But No other pacing system can give 





‘ent record printout of patient 
tivated marker in response to 
pitations. 


from Siemens Pacesetter” reveals 
a wealth of patient management 
information through event 


recording capabilities un- b 
matched in the industry. t th 
You can now unlock a OU 


information from 

every Synchrony,’ Syn- 
chrony” II and Solus” pulse 
generator ever implanted. 


Convenient confirmation 
of your decisions 


PDx gives you the power to quickly 
assess your patient's electrocardio- 
graphic and pacing behavior as seen 
by the pacing system. Many patient 
conditions can be evaluated con- 
veniently and without additional 
equipment through the advanced 
capabilities of PD. In fact, PD 
provides you with quantitative intra- 
cardiac information unavailable in 
Holter monitors, giving you insights 


that only a pulse generator could have. 


you the power of PD. 


a The unchallenged 


flexibility of PD, 


PD, does not require 
that you set up report- 


i ing f h 
patient? seinen 


ask “the patient condition 
question” When you examine the 
patient, simply compose your ques- 
tions. And see how PD, reveals the 
answers you need with amazing ease. 


Another first from 
Siemens Pacesetter 


Patient diagnostics, first from the company 
that has consistently led the way in pro- 
grammer technology, from bidirectional 
telemetry to measured telemetry data. 


Contact your Siemens Pacesetter rep- 
resentative today for a demonstration 
of the new PD patient diagnostic sys- 
tem. See how easy it is to get at the 
heart of your patient's condition. 


Introducing PD% diagnostic software 
from Siemens Pacesetter’ 
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_ with increased FDG uptake in >2 segments had inpeovenienté in exercise 
parameters and mean left ventricular wall motion index. 


an i ee ee ee 
implications of Inferior ST-Segment Elevation Accompanying 
Anterior Wall Acute Myocardial Infarction for the 
Angiographic Morphology of the Left Anterior Descending 
Coronary Artery Morphology and Site of Occlusion 

Peter M. Sapin, David R. Musselman, Gregory J. Dehmer, and 

Wayne E. Cascio 


Little is known concerning reciprocal inferior ST-segment elevation (sum 
of ST-segment elevation in leads II, III and aVF 23 mm) accompanying 
anterior acute myocardial infarction (AMI). Of 42 consecutive patients 
undergoing cardiac catheterization after anterior AMI, inferior ST-seg- 
ment elevation was found in 7 (16%). In 5 of the 7 patients, there was an 
occlusion beyond 3 major branches in a “wrap around” left anterior 
descending coronary artery. This morphology was seen in only 2 of the 
other 35 patients (p <0.001). It is postulated that significant inferior ST.. 
elevation during anterior AMI results from 2 necessary conditions: (1) 
inferior transmural ischemia (i.e., wrap around left anterior descending 
coronary artery) and (2) less reciprocal ST depression due to a smaller 
mass of ischemic anterior wall myocardium (i.e., distal occlusion). 


866 
Influence of Thrombolysis on Signal-Averaged 
Electrocardiogram and Late Arrhytheales Events After . 
Acute Myocardial Infarction 

Roberto Pedretti, Antonio Laporta, Mario D. Etro, Adelia Gementi, 
Roberto Bonelli, Claudio Anza, Enrica Calombo, Franco Maslowsky, 
Francesco Santoro, and Bruno Cart 





The influence of intravenous thrombolysis on both prevalence of ventricu- 
lar late potentials and incidence of late arrhythmic events was evaluated in 
174 consecutive patients surviving a first myocardial infarction. The rate 
of late potentials was significantly lower in both the group treated with 
thrombolysis and that with a patent infarct-related artery on coronary 
arteriography. Conversely, mean left ventricular ejection fraction was not 
significantly different. Therefore, thrombolysis and patency of the infarct- 
related artery reduced prevalence of late potentials independently of glob- 
al left ventricular function. Late potentials are independent markers of ` 
malignant ventricular tachyarrhythmias: the lower prevalence of late po- 
tentials after thrombolysis suggests improved ventricular electrical stabili- 





ty. The prevention of an arrhythmogenic substrate development could 2 


have an important role in increasing survival after thrombolysis. 


873 





After Acute Myocardial Infarction 
Guido Grassi, Cristina Giannattasio, Gino Seravalle, Giuseppe Osculati, 
Franco Valagussa, Alberto Zanchetti, and Giuseppe Mancia : 


Impaired baroreflex—heart rate control observed 2 days after a myocardial 
infarction was reported to have undergone an improvement 10 days after 
Continued on page A24 
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 ALTEPLASE, RECOMBINANT 


: A TISSUE PLASMINOGEN ACTIVATOR 


o arief Summary 
-: Consult full prescribing information before using. 
INDICATIONS AND USAGE: ACTIVASE® is indicated for use in the management of acute myocardial 
infarction (AMI) in adults for the lysis of thrombi obstructing coronary arteries, the reduction of infarct 
© size, the improvement of ventricular function following AMI, the reduction of the incidence of conges- 
tive heart failure and the reduction of mortality associated with AMI. Treatment should be initiated as 
goon as possible after the onset of AM! symptoms. 
ACTIVASE® is also indicated in the management of acute massive pulmonary embolism (PE) in 
: its: forthe lysis of acute pulmonary emboli, defined as obstruction of blood flow to a lobe or 
Itiple “segments of the lungs, and for the lysis of pulmonary emboli accompanied by unstable 
hemodynamics, i.e., failure to maintain blood pressure without supportive measures. The diagnosis 
re Bere aie ec by objective means: suchas pulmonary angiography or noninvasive procedures such 
as lung scanning. 
CONTRAINDICATIONS: Because thrombolytic thera 









~ Severe areon 
r a ng 
‘bleeding: The type of bleeding associated with thrombolytic therapy can be divided into two broad 
categories: « Internal bleeding involving the gastrointestinal or genitourinary tract, or retroperitoneal or 
intracranial sites » Superticial or surface bleeding, observed mainly at invaded or disturbed sites (@.g., 
sites of venous cutdown, arterial puncture, recent surgical intervention). 
=" Concomitant use of heparin anticoagulation may contribute to bleeding. Some hemorrhagic episodes 
hil one of more days after the effects of A TIVASE® had dissipated, but while heparin therapy 
was. continuing. 
“AS fibrin is lysed during ACTIVASE® therapy, bleeding trom recent puncture sites may occur. 
‘Theretore, thrombolytic therapy requires caretul attention to all potential bleeding sites (including sites 
of catheter insertion, arterial and venous puncture, cutdown ana- needle puncture). 
yo? Intramuscular injections and nonessential handling of the patient should be avoided during treatment 
‘with ACTIVASE® Venipunctures should be performed carefully and only as required. 
Should an arterial puncture be:necessary during an infusion of ACTIVASE™® it is preferable to use an 
-upper extremity vessel accessible to manual:compression. Pressure should be applied for at least 30 
. Minutes, a pressure dressing applied and the puncture site checked frequently for evidence of bleeding. 
“Should serious bleeding (not controllable by local pressure) occur, the infusion of ACTIVASE® and 
any concomitant heparin should be terminated Immediately. 
Each patient being considered for therapy with ACTIVASE® should be carefully evaluated and antici- 
“pated benefits weighed against potential risks associated with therapy. i 
iie. inthe following conditions, the risks of ACTIVASE® therapy may be increased and should be weighed 
"against the anticipated benefits: + Recent (within 10: days) major surgery, 8.9., coronary anery bypass 
‘graft, obstetrical antivery, organ biopsy, previous puncture of noncompressible vessels + Cerebrovas- 
sease » Recent {within 10 days) gastrointestinal or genitourinary bleeding « Recent Neds 10 
ma» Hypertension: systolic BP= 180 mm Hg and/or diastolic BP=110 mm Hg « High 
dof left heart thrombus, e.g., mitral. stenosis- with. atrial fibrillation + Acute pericarditis « 
Subacute bacterial endocarditis + Hemostatic defects including those secondary to severe hepatic of 
tenal disease « Significant liver-dystunction « Pregnancy » Diabetic hemorrhagic retinopathy, or other 
- hemorrhagic ophthalmic conditions * Septic thrombophlebitis or occluded AV cannula at seriously 
-Infected site + Advanced age, i.e., over 75 years old + Patients currently receiving oral anticoagulants + 
<Any other condition-in which bleeding. constitutes a significant hazard or would be particularly 
“difficult to manage because: of its location. , 
Arthythmias Coronary thrombolysis may result in arrhythmias associated with reperfusion. These 
arrhythmias are not different from those often seen in the ordinary course of AMI and may be managed 
with standard antiarrhythmic measures, Itis recommended that antiarrhythmic therapy for bradycardia 
“and/or ventricular irritability be available when infusions of ACTIVASE® are administered. 
; y Embolism it should be recognized that the treatment of pulmonary embolism with 
ACTIVASE” ‘Alteplase, has -not:been shown: to constitute adequate clinical treatment of underlying 
“deep vein thrombosis. Furthermore, the possible risk of reembolization due to the lysis of underlying 
deep venous thrombi should be considered. 












y IONS: Goneral Standard management: of myocardial infarction or pulmonary embolism 
should beimplémented concomitantiy-with ACTIVASE™ treatment. Noncompressible arterial punc- 
“ture must be avoided. Arterial and: venous punctures should be minimized. In the event of serious 
‘bleeding, ACTIVASE® and heparin should be discontinued immediately. Heparin effects can be 
“fewersed by protamine. . 
< Readministration Therd is no experience with readministration of ACTIVASE® If anaphylactoid reaction 
, occurs, infusion should be discontinued immediately and appropriate therapy initiated. 
.. Although sustained antibody formation in-patients receiving one dose of ACTIVASE® has not been 
documented, readministration should be undertaken with caution. 
Tests During ACTIVASE® therapy, results. of coagulation tests and/or measures of fibrino- 
< dyti¢ activity may be unreliable uniess specific precautions are taken to prevent in vitro artifacts. 
'ACTIVASE® is.an enzyme that when present in blood in pharmacologic concentrations remains active 
under in vitro. conditions. This. can lead to degradation of fibrinogen in blood samples removed for 
analysis. Collection of blood samples in the presence of aprotinin (150-200 units/mL) can to some 
extent mitigate this phenomenon. 
Drug Interactions The interaction of ACTIVASE® with other cardioactive drugs has not been studied. In 
¿addition to-bleeding associated. with heparin and vitamin K antagonists, drugs that alter platelet function 
{suchas acetylsalicylic acid, dipyridamole} may increase the risk of bleeding if administered prior to, 
during of after ACTIVASE® therapy. 
Anticoagulants Heparin has been administered concomitantly with and following infusions of 
( CACTIVASE® to reduce the risk.of rethrombosis. Because either heparin or ACTIVASE® alone may cause 
eding complications, careful. monitoring for bleeding is advised, especially at arterial puncture sites. 
i Pregnancy (Category C) Animal reproduction studies have not been conducted with ACTIVASE® It is 
“also not Known whether ACTIVASE® can cause fetal harm when administered to a pregnant woman 
or can affect: reproduction capacity’ ACTIVASE® should be given to a pregnant woman only if 
Clearly needed. ‘ : 
: Pediatric Usa Safety and effectiveness of ACTIVASE® in children has not been established. 
Carcin is, Mutagenesis, impairment of Fertility Long-term studies in animals have not been 
performed to evaluate the carcinogenic potential or the effect on fertility. Short-term studies, which 
evaluated tumorigenicity of ACTIVASE® and effect on tumor metastases in rodents, were negative. 
Studies to determine mutagenicity (Ames test) and chromosomal aberration assays in human 
lymphocytes were negative at all concentrations tested. Cytotoxicity, as refiected by a decrease 
i Hotie ider: was evidenced only after prolonged exposure and only at the highest concentra- 
= tons tested. 
i Nursing: Mothers it is not known whether ACTIVASE® is excreted in human milk. Because many 
_ drugs are excreted in human miik, caution should be exercised when ACTIVASE® is administered to a 
< Rursitig woman. i 























ADVERSE REACTIONS: Bleading The most trequent adverse reaction associated with ACTIVASE® is- 
bleeding. The type of bleeding associated with thrombolytic therapy can be divided into two broad 
categories: « Internal bleeding involving the gastrointestinal or genitourinary tract, or tetroperitonealor 
intracranial sites + Superficial or surface bleeding, observed mainly at invaded or disturbed sites @.g.-- 
sites of venous cutdown, arterial puncture, recent surgical intervention). : 

The following incidence of significant interna! bleeding (estimated as> 250 cc blood toss) has been 
reported in studies in over 800 patients treated at all doses: 


Total Dose = 100 mg Total Dose > 100mg 





gastrointestinal 5% 5% 
genitourinary 4% 4% 
ecchymosis 1% <1% 
retroperitoneal <1% 4% 
epistaxis <1% <1% 
gingival <1% <1% 


Theincidenceofintracranial bleeding in patients treated with ACTIVASE® Altepiase, recombinant, isas follows: 





Dose Number of Patients A 
100 mg 3272 a4 
150 mg 1779 1.3 
114 mg/kg 237 0.4 


These data indicate that a dose of 150 mg of ACTIVASE® should not be used because it has been 
associated with an increase in intracranial bleeding. 

Recent data indicate that the incidence of stroke in 6 randomized double-blind placebo controlled 
triais'7 is not signficantly different in the ACTIVASE* treated patients compared to those treated with 
placebo (37/3161, 1.2% versus 27/3092, 0.9%, respectively) (p = 0.26). 

Should serious bleeding in a critical location (intracranial, gastrointestinal, retroperitoneal, pericar: 
dial) occur, ACTIVASE® therapy should be discontinued immediately, along with any concomitant. 
therapy with heparin, 

Fibrin, which is part of the hemostatic plug formed at needle puncture sites, will be lysed during: 
ACTIVASE® therapy. Therefore, ACTIVASE® therapy requires careful attention to potential bleeding sites. > 
Allergic Reactions No serious or life-threatening allergic reactions have been reported. Other miid 
hypersensitivity reactions. such as urticaria have been observed occasionally. 

Other Adverse Reactions Other adverse reactions have been reported, principally nausea and/or 
vomiting, hypotension, and fever. These reactions are trequent sequelae of Mi and may or may not be 
attributable to ACTIVASE® therapy. 


DOSAGE AND ADMINISTRATION: ACTIVASE® is for intravenous administration only. ACUTE MYOCAR- 
DIAL INFARCTION: Administer ACTIVASE® as soon as possible alter the onset of symptoms. 

The recommended dose is 100 mg administered as 60 mg (34.8 million IU) in the first hour (of which: = 
6 to 10 mg is administered as a bolus over the first 1-2 minutes), 20 mg (11.6 million 1U) over the second 
hour, and 20 mg (11.6 million IU} over the third hour, For smaller patients (less than 65 kg), a dose of 
1.25 mg/kg administered over 3 hours, as described above, may be used.8 

Although the use of anticoagulants and antiplatelet drugs during and following administration of 
ACTIVASE® has not been shown to be of unequivocal benefit, heparin has been administered concomi- 
tantly for 24 hours or longer in more than 90% of patients. Aspirin and/or dipyridamote have been given 
either during and/or tollowing heparin treatment. 
PULMONARY EMBOLISM: The recommended dose is 100 mg administered by intravenous infusion 
over two hours. Heparin therapy should be instituted or reinstituted near the end of or immediately. 
following the el /ASE® infusion when the partial thromboplastin time:or thrombin time returns to 
wice normal or less, ; 


A DOSE OF 150 MG OF ACTIVASE® SHOULD NOT BE USED BECAUSE IT HAS BEEN ASSOCIATED 
WITH AN INCREASE IN INTRACRANIAL BLEEDING. 

Reconstitution and Dilution DO NOT USE IF VACUUM 1S. NOT PRESENT. 

ACTIVASE® should be reconstituted by aseptically adding Aie app rate volume of the accompany: 
ing Sterile Water for Injection, USP to the vial, It is important that ACTIVASE® be reconstituted only with 
Sterile Water for injection, USP without preservatives. Do not use Bacteriostatic Water for Injection, 
USP The reconstituted preparation results in a colorless to pale yellow transparent solution containing 
ACTIVASE S 19 mg/mL at approximately pH 73, The osmolality of this solution is approximately 

mOsm/kg. 

Because ACTIVASE® contains no antibacterial preservatives, it should be reconstituted immediately.: 
before use, The solution. may be used for intravenous administration within 8 hours following reconsti- 
tution when stored between 2-30°C. Before further dilution or administration, the product should be 
visually inspected for particulate matter and discoloration prior to administration whenever solution and 
container permit. : 2 

ACTIVASE® may be administered as reconstituted at 1.0 mg/mL. As an alternative, .the reconsti- 
tuted solution may be diluted further immediately before administration in an equal: volume of 0.9% : 
Sodium Chloride Injection, USP or 5% Dextrose injection, USP to bgt a concentration of 0.5 
Hh ate Either polyvinyl chloride bags or glass botties are acceptable. ACTIVASE® is stable for up to 
8 hours in these solutions at room temperature. Exposure to light has no effect on the stability of 
these solutions. Excessive agitation during dilution should be avoided; mixing should be accom- 
plished with gentle swirling and/or stow inversion. Do not use other infusion solutions, e.g., Sterile 
Water for Injection, USP or preservative-containing solutions for further dilution. ae 

No other medication should be added to infusion solutions containing ACTIVASE® Any unused 
intusion solution should be discarded. 

HOW SUPPLIED: ACTIVASE® is supplied as a sterile, lyophilized powder in 20 mg and 50 mg vials 
containing vacuum, each packaged with diluent for reconstitution. 
Storage Store lyophilized ACTIVASE® at controlled room temperature not to exceed 30°C (86°F), or 
under refrigeration (2-8°C/36-46F). Protect the lyophilized material during extended storage from 
excessive exposure to light. 

Do not use beyond the expiration date stamped on the vial. 
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the acute coronary event. This study examines whether (1) this improve- 
ment means a “normalization” of baroreflex sensitivity, and (2) the car-. 
diopulmonary reflex is affected by myocardial infarction. In 30 patients 
examined 8 to 11 days after an anterior or inferior myocardial infarction, 
baroreceptor—heart rate reflex sensitivity (neck chamber technique) was 
superimposable to that observed in age-matched controls (—6.2 + 0.8 vs 
—6.0 + 0.6 ms/mm Hg, mean + SEM) and was unchanged when reex- 
amined 10 days later. In contrast, the ability of cardiopulmonary receptors 
to modulate forearm vasoconstrictor tone during changes in central venous 
pressure (lower body suction and passive leg raising techniques) was 
markedly impaired in 12 patients studied 8 to 11 days after myocardial 
infarction compared with that in control subjects. This impairment, how- 
ever, virtually disappeared when patients were reexamined 28 to 45 days 
later. Thus baroreflex—heart rate control is virtually normal 10 days after 
myocardial infarction, while cardiopulmonary reflex is impaired. How- 
ever, this impairment is also transient in nature. 


879 
An indian Experiment with Nutritional Modulation in Acute 
Myocardial Infarction 

Ram B. Singh, Shanti S. Rastogi, Rakesh Verma, Laxmi Bolaki, and 
Reema Singh 





In a randomized, 6-week intervention trial, 206 patients with suspected 
acute myocardial infarction were administered a low-caloric diet rich in 
fruits, vegetables, cereals and nuts, and 202 were on the usual diet. Clini- 
cal and laboratory data at entry to the study were comparable. Dietary 
adherence was checked by a questionnaire. Group A received a signifi- 
cantly low-caloric, high-polyunsaturated/saturated fat diet compared 
with that of group B (higher saturated fat and cholesterol). Group A had a 
significant decrease in serum total and low-density lipoprotein cholester- 
ols, and triglycerides, with no decrease in high-density lipoprotein choles- 
terol. Group A also had a significantly greater decrease in mean body 
weight than did group B. After 6 weeks, there was a significant decrease 
(34.5%) in total cardiac end points including nonfatal (17 vs 25) and fatal 
(8 vs 12) myocardial infarction, and sudden cardiac death (29 vs 44; p 
<0.01) in group A compared with those in group B. There was no signifi- 
cant decrease in total mortality (including cardiac mortality) in group A 
compared with that in group B (12 vs 21) owing to the small number of 
events. 





886 
Early Hemodynamic Results of Left Ventricular Reconstructive 
Surgery for Anterior Wall Left Ventricular Aneurysm 

Marisa Di Donato, Giuseppe Barletta, Mauro Maioli, Fabio Fantini, Philippe 
Coste, Michel Sabatier, Francoise Montiglio, and Vincent Dor 


To assess the efficacy of left ventricular (LV) reconstruction after aneu- 
rysmectomy on LV function, 35 consecutive patients with anterior LV 
aneurysm were analyzed. Coronary revascularization was performed con- 
currently. Global perioperative mortality was 4.8%. Postintervention LV 
volumes and filling pressure significantly decreased, and ejection fraction 
significantly increased. Regional LV wall motion improved in all, but the 






anterobasal region and the extent of asynergy significantly decreased. Six : 
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of the 35 patients had a détérioration of postinterveniion ejection fraction; 
-they had no reduction in LV volumes and no improvement in wall kinetics.: 
No significant differences were found in parameters before intervention 
among patients. ; . 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


891 ; l 
Correlations Among Time and Frequency Domain Measures of 
Heart Period Variability Two Weeks After Acute Myocardial | 
Infarction 

J. Thomas Bigger, Jr., Joseph L. Fleiss, Richard C. Steinman, Linda M: 
Rolnitzky, Robert E. Kleiger, and Jeffrey N. Rottman 





Seven hundred fifteen participants from a multicenter natural history 
study of acute myocardial infarction were studied to determine the corre- 
lations among time and frequency domain measures of heart period vari- 
ability and the predictive value of time domain measures for death during 
follow-up. Each of 4 bands in the heart period power spectrum had 1 or 2 
corresponding variables in the time domain that correlated with it so 
strongly (r 20.90) that the variables were essentially equivalent. Time 
domain measures of heart period variability, especially those that measure 
ultra low or low-frequency power, are strongly and independently associ- 
ated with death during follow-up. 


899 8 ns a eee 
Survival After Implantation of the Cardioverter Defibrillator 
David Newman, Mary Jane Sauve, John Herre, Jonathan J. Langberg, 
Michael A. Lee, Christina Titus, Jay Franklin, Melvin M. Scheinman, and 
Jerry C. Griffin 


The actuarial survival of 60 implantable cardioverter defibrillator (ICD) 
recipients was compared with that of 120 controls. Controls were matched 
to ICD patients according to age, ejection fraction, amiodarone use, 
presenting arrhythmia and heart disease. There were 13 deaths in the ICD 
group and 59 control deaths during a mean follow-up of 23.5 months for 
controls and 18.5 months for ICD patients (p <0.05). 


Head-Upright Tilt-Table Testing in Evaluation and 
Management of the Malignant Vasovagal Syndrome 

` Blair P: Grubb, Peter Temesy-Armos, Joseph Moore, Douglas Wolfe, 
Harry Hahn, and Laura Elliot 


Vasovagally mediated cardiac asystole has been proposed as a potential 
cause of sudden cardiac death. To assess this possibility and identify — 
characteristics that define this group with vasovagally mediated asystole, 
head-upright tilt-table testing was performed in 50 consecutive patients 
(26 women and 24 men, mean age 42 + 10 years) with recurrent unex- 
plained syncope. The upright tilt-table test was performed in the fasting 
state for 30 minutes, with or without the use of intravenous isoproterenol =- 
(1 to 3 ug/min). Reproducible tilt-induced asystole occurred in 10 pa- 


Continued on page A32 
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INFORMATION, SEE PACKAGE INSERT) 

INDICATIONS AND USAGE Lotensin is indicated for the treatment of 

hypertension; It may be used alone or in combination with thiazide 
luretics. 

In using Lotensin, consideration should be given to the fact that 
another angiotensin-converting enzyme inhibitor, captopril, has caused 
agranulocytosis, particularly in patients with renal impairment or 
collagen-vascular disease. Available cata are insufficient to show that 
Lotensin does not nave a similar risktsee WARNINGS). 
CONTRAINDICATIONS Lotensin is contraindicated in patients who are 
hypersanatie to this product or to any other ACE inhibitor. = 

NINGS-Angioedema Angioedema of the face, extremities, lips 
tongue, glottis, and larynx has been reported in patients treated with 
angiotensin-converting enzyme inhibitors. In U.S. clinical trials, 
symptoms consistent with angioedema were seen in none of the 
subjects who received placebo and in about 0.5% of the subjects who 
received Lotensin. Angioedema associated with laryngeal edema can 
be fatal. If laryngeal stridor or angioewema of the face, tongue, or 
glottis occurs, treatment with Lotensin should be discontinued and 
appropriate therapy instituted immediately. Where there is 
involvement of the m je, glottis, or larynx, likely to sas miy 
obstruction, therapy, e.g., subcutaneous epinephrine 

ioe ad 


jection 3 sho! 
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lension Lotensin can cause symptomatic hypotension. Like other 
ACE inhibitors, benazepril has been only rarely associated with 
hypotension in uncomplicated hypertensive patients, Symptomatic 
hypotension is most likely to occur inpatients who have been volume- 
and/or salt-depleted as a result of prowonged diuretic therapy, dietary 
Salt restriction, dialysis, diarrhea, or vomiting. Volume- and/or salt- 
depletion should be corrected before initiating therapy with Lotensin. 

In patients with congestive heart failure, with or without associated 
renal insufficiency, ACE inhibitor therapy may cause excessive 
hypotension, which may be associated with oliguria or azotemia and, 
rarely, with acute renal failure and death. In such patients, Lotensin 
therapy should be started under close medical supervision; they should 
be followed closely for the first 2 weeks of treatment and whenever the 
dose of benazeprif or diuretic is increased. f 

If hypotension occurs, the patientsshould be placed in a supine 
position, and, if necessary, treated with intravenous infusion ot 
physiological saline. Lotensin treatment usually can be continued 
ices raaton of aa eres ane ume. P 

js Another angiotensin-converting en: 
inhibitor, captopril, has been shown to cause agranulocytosis and bone 
marrow depression, rarely in uncompiicated patients, but more 
frequently in patients with renal impairment, especially if they also have 
a colom raeur disease such as systemic lupus erythematosus or 
scleroderma. Available data from clinical trials of benazepril are 
insufficient to show that benazepril does not cause agranulocytosis at 
similar rates. Monitoring of white blocs cell counts should be 
considered in patients with collagen-vascular disease, especially if the 
disease is associated with impaired renal function. 


Fetal/Neonatal Morbidity and Mortality ACE inhibitors can cause fetal 
and neonatal morbidity and mortality when administered to pregnant 
women. 


When ACE inhibitors have been used during the second and third 
trimesters of pregnancy, there have been reports of neonatal 
hypotension, renal failure, skull hypoplasia, and death. Oligohydram- 
nios has also been reported, presumably resulting from decreased fetal 
renal function; oligonydramnios has been associated with fetal limb 
contractures, craniofacial malformations, hypoplastic lung i 
development, and intrauterine growth retardation. Prematurity and 
patent ductus arteriosus have been report although it is not clear 
whether these occurrences were due to the ACE-inhibitor exposure or 
to the mother's underlying disease. ; nis 

It is not known whether exposure limited to the first trimester can 
adversely affect fetal outcome. 

A patient who becomes pregnant while taking ACE inhibitors, or 
who takes ACE inhibitors when already pregnant, should be apprised of 
the potential hazard to her fetus. If shècontinues to receive 
inhibitors during the second or third trimester of pregnancy, *requent 
ultrasound examinations should be performed to look for 
oligohydramnios, When oligohydramnios is found, ACE inhibitors 
should generally be discontinued. 

Infants with histories of in utero exoosure to ACE inhibitors should 
be closely observed for hypotension, oliguria, and hypokalemia. If 
Oliguria occurs, attention should be directed toward support of blood 
pressure and renal perfusion. Benazepril could theoretically be 
removed from the neonatal circulation oy exchange transfusion, but no 
experience with this procedure has been reported. : 

At doses that dic not induce maternal toxicity, no embryctoxic, 
fetotoxic or teratogenic effects of Lotensin were seen in studies of _ 
pregnant rats, mice, and rabbits. On a mg/m? basis, the doses used in 

ese Studies were 60 times (in rats), 9 times (in mice), and more than 
0.8 times (in rabbits) the maximum recammended human dose 
(assuming a 50 kg woman). On a mg/kg basis these multiples are 300 
times (in rats), 90 times (in mice) and more than 3 times (in rabbits) 
the maximum recommended human dose. 
PRECAUTIONS-General /mpaired Renal Function: As a consequence 
of inhibiting the renin-angiotensin-aldosterone system, changes in 
renal function may be an Tipaed in susceptible individuals. n patients 
with baie heart failure whose renal function may depend 
on the activi the renin-angiotensin-aldosterone system, treatment 


with angiotensin-converting enzyme inhibitors, including Lotensin, 
may be associated with oliguria and/or progressive azotemia and 
(rarely) with acute renal failure and/or death. in a small study of 
hypertensive patients with renal artery stenosis in a solitary kidney or 
bilateral renal artery stenosis, treatment with Lotensin was associated 
with increases in blood urea nitragen and serum creatinine; these 
increases were reversible upon discontinuation of Lotensin or diuretic 
therapy, or both. When such patients are treated with ACE inhibitors, 
renal function should be monitored during the first few weeks of 
therapy. Some hypertensive patients with no apparent preexisting renal 
vascular disease have developed increases in blood urea nitrogen and 
serum creatinine, usually minor and transient, especially when 
Lotensin has been given concomitantly with a diuretic. This is more 
likely to occur in patients with preexisting renal impairment. Dosage 
reduction of Lotensin and/or discontinuation of the diuretic may be 
required. Evaluation of the riensive patient should always 
include assessment of renal function (see DOSAGE AND 
ADMINISTRATION). Hyperkalemia: In clinical trials, hyperkalemia 
(serum potassium at least 0.5 mBq/L greater than the upper limit of 
normal) occurred in approximately 1% of hypertensive patients 
receiving Lotensin. In most cases, these were isolated values which 
resolved despite continued therapy. Risk factors for the development 
of hyperkalemia include renal insutficiency, diabetes mellitus, and the 
concomitant use of potassium-sparing diuretics, potassium 
supplements, and/or potassium-containing salt substitutes, which 
should be used cautiously, if at all, with Lotensin (see Drug 
Interactions). Impaired Liver Function: In patients with hepatic 
dysfunction due to cirrhosis, levels of benazeprilat are essentially 
unaltered. Surgery/Anesthesia: In patients undergoing surgery or 
curing anesthesia with agents that produce hypotension, benazepril 
will block the angiotensin II formation that could otherwise occur 
secondary to compensatory reninmrelease. Hypotension that occurs as 
a result of this mechanism can bescorrected by volume expansion 
Information for Patients -Angioedema: Angioedema, including 
laryngeal edema, can occur with treatment with ACE inhibitors, 
especially following the first dose_Patients should be so advised and 
told to report immediately any signs or symptoms suggestin x 
angioedema (swelling of face, eyes, lips, or tongue, or difficulty in 
breathing) and to take no more drug until they have consulted with the 
prescribing physician. Symptoi Hypotension: Patients should be 
cautioned that lightheadedness can occur, sec during the first 

days of therapy, and it should be reported to the prescribing physician. 
Patients should be told that if syncope occurs, Lotensin should 
discontinued until the prescribing physician has been consulted. 

All patients should be cautioned that inadequate fluid intake or 
excessive perspiration, diarrhea, or vomiting can lead to an excessive 
fall in blood pressure, with the same consequences of lightheadedness 
and possible syncope. Hyperkalemia: Patients should be told not to 
use potassium supplements or salt substitutes containing potassium 
without consulting the prescribinggphysician. Neutropenia: Patients 
should be told to promptly report any indication of infection (e.g., sore 
throat, fever), which could be a sign of neutropenia. 

ractions - Diuretics: Patients on diuretics, especially those in 
whom diuretic therapy was recently instituted, may polonii 
experience an excessive reduction of blood pressure after initiation of 
therapy with Lotensin. The possibility of hypotensive effects with 
Lotensin can be minimized by either discontinuing the diuretic or 
increasing the salt intake prior to initiation of treatment with Lotensin. 
If this is not possible, the earn foso should be reduced (see 
DOSAGE AND ADMINISTRATION) Potassium Supplements and 
Potassium-Sparing Diuretics: Lotensin can attenuate potassium loss 
caused by thiazide diuretics. Potassium-sparing diuretics 
(spironolactone, amiloride, triamterene, and others) or potassium 
supplements can increase the risk of hyperkalemia. Therefore, if 
concomitant use of such agents is indicated, they should be given with 
caution, and the jarem serum patassium should be monitored 
frequently. Oral Anticoagulants: Interaction studies with warfarin and 
acenocoumarol failed to identify any clinically important effects on the 
serum concentrations or clinical effects of these anticoagulants. 
Lithium: \ncreased serum lithium levels and Smpiome of lithium 
toxicity have been reported in patients receiving ACE inhibitors during 
therapy with lithium. These drugs should be coadministered with 
caution, and frequent monitoring af serum lithium levels is 
recommended. If a diuretic is also used, the risk of lithium toxicity may 
be increased. Other: No clinically important pharmacokinetic _ 
interactions occurred when Lotensin was administered concomitantly 
with hydrochlorothiazide, chlorthalidone, furosemide, digoxin, 
propranolol, atenolol. naproxen, or cimetidine. 

Lotensin has been used concomitantly with beta-adrenergic- _ 
blocking agents, calcium-channe'-tilocking agents, diuretics, digoxin, 
and hydralazine, without evidence af giver important adverse 
interactions. Benazepril, like other ACE inhibitors, has had less than 
additive effects with beta-adrenergic blockers, presumably because 


both drugs lower blood pressure by inhibiting parts of the renin- 
angiotensin system. 
Carcinogenesis, Mutagenesis, Impairment of Fertility No evidence 


of carcinogenicity was found when nazepril was administered by 
gavage to rats and mice for up to two years at doses of up to 150 mg/ 
(g/day. When compared on the basis of body weights, this dose is 110 
times the maximum recommended human dose. When compared on 
the basis of body surface areas, this dose is 18 and 9 times (rats and 
mice, respectively) the maximum recommended human dose 
(calculations assume a patient weignt of 60 K). No mutagenic activity 
was detected in the Ames test in bacteria (with or without metabolic 
activation), in an in vitro test for forward mutatiøns in cultured 
mammalian cells, or in a nucleus anomaly test. in doses of 50-500 
mg/kg /day (6-60 times the maximum recommended human dose 
based on mg/m? comparison and 37-375 times the maximum 
recommended human dose based en a mg/kg comparison), Lotensin 


hadi ad effect on the reproductive performance of male and 

female rats. 

Moaie Category D See WARNINGS, Fetal/Neonatal Morbidity and 
o 


Nursing Mothers Minimal amounts of unchanged benazepril and of 
benazeprilat are excreted into the breast milk of lactating women 
treated with benazepril. A newborn child ingesting entirely breast milk 
would receive less than 0.1% of the mg/kg maternal dose of 
benazepril and benazeprilat. . 9 p 
Ge Use Of the total number of patients who received benazepril 
in U.S. clinical studies of Lotensin, 18% were 65 or older while 2% 
were 75 or older. No overall differences in effectiveness or safety were 
observed between these patients and younger patients, and other 
reported clinical experience nas not identified differences in responses 
between the elderly and younger patients, but greater sensitivity of 
some older individuals cannot be ruled out. 

overt pg Safety and effectiveness in children have not been 
established. 

ADVERSE REACTIONS Lotensin has been evaluated for safety in over 
6000 patients with hypertension; over 700 of these patients were 
treated for at least one year. The overall incidence of reported adverse 
events was comparable in Lotensin and placebo patients, 

The reported side effects were generally mild and transient, and 
there was novrelation between side effects and age, duration of 
therapy, or total dosage within the range of 2 t mg. are 
Discontinuation of ineayy because of a side effect was required in 
nee 5% of U.S. patents treated with Lotensin and in 3% of 
patients treated with placebo. ; 

The most common reasons for discontinuation were headache 
(0.6%) and cough (0.5%). 

placebo-controlled trials, cough was reported by 68 of 2004 
benazepril-treated patients (3.4%) and by 7 of 525 placebo-treated 
pea (1.3%). This was the only adverse effect with incidence at 
least 1% that was significantly more frequent in*benazepril-treated 
patients than in patients treated with placebo. 

The side effects considered possibly or probably related to study 
drug that occurred in U.S. controlled trials in more than 1% of patients 
treatad with Lotensin are shown below. 

PATIENTS IN U.S. PLACEBO-CONTROLLED STUDIES 

ENSIN PLACEBO 


LOTI 
p 1629) | (N = 498) 
Heacache 2 56 Hi } 
Dizziness 53 3.3 12 24 
Fatigue 42 2.6 11 2.2 
Cough 31 19 5 1.0 
Nausea 23 14 5 1.0 , 
Other adverse experiences rej in controlled clinical trials (in 


less than 1% of benazepril patients), and rarer events seen in 
postmarketing experience, include the following {in some, a causal 
relationship to drug use is uncertain): Cardiovascular: Symptomatic 
Hy sg was seen in 0.3% of patients, postural hypotension in 
0.4%, and syncope in 0.1%; these reactions led to discontinuation of 
therapy in 4 patients who had received benazepril monotherapy and in 
9 patients who had received benazepril with hydrochlorothiazide (see 
PRECAUTIONS and WARNINGS). Other reportsincluded angina _ 
pectoris, palpitations, and peripheral edema. Renal: Of hypertensive 
patients with no apparent preexisting renal disease, about 2% have 
sustained increases in serum creatinine to at least 150% of their 
baseline values while receiving Lotensin, but mast of these increases 
have di ed despite continuing treatment. A much smaller 
fraction of these patients (less than 0.1%) develeped simultaneous 
(usually transient) increases in blood urea nitrogen and serum _ 
Creatinine. Angioedema: Angioedema has been-reported in patients 
receiving ACE inhibitors. During clinical trials in hypertensive patients 
with benazepril, 0.5% of patients experienced edema of the lips or face 
without other manifestations of angioedema. Apoecoma associated 
with laryngeal edema and/or shock may be fatal. If angioedema of the 
face, extremities, lips, tongue. or glottis and/or larynx occurs, 
treatment with Lotensin should be discontinued and appropriate 
theraay instituted immediately (see WARNINGS). Gastrointestinal: 
Constipation, gastritis, vomiting, and melena. Dermatologic: Apparent 
hypersensitivity reactions (manifested Dy coma ruritis, or rash) 
and flushing. Neurologic anc Psychiatric: Anxiety, decreased libido, 
hypertoni, insomnia, nervousness, and paresthesia. Other: Arthralgia, 
arthritis, asthenia, asthma, bronchitis, dyspnea, impotence, infection, 
myalgia, sinusitis, sweating, and urinary tract inf 
Clinical Laboratory Test Findings . , 
Creatinine and Blood Urea Nitrogen: Ot hypertensive patients with no 
apparent preexisting renal disease, about 2% have sustained increases 
in serum creatinine to at leas! 150% of their baseline values while 
receiving Lotensin, but most of these increases have disappeared _ 
despite cone teers Amuch smaller fraction of these patients 
(less than 0.1%) developed simultaneous (usually transient) increases 
in blood urea nitrogen and serum creatinine. None of these increases 
required discontinuation of treatment. Increases in these laboratory 
values are more likely to occur in patients with renal insufficiency or 
those pretreated with a diuretic and, based on experience with other 
ACE inhibitors, would be expected to be especialy he in patients 
with renal artery stenosis (see PRECAUTIONS, General). _ 
Potassium: Since benazepril decreases aldosterene secretion, 
elevation of serum potassium can occur. Potassium supplements and 
potassium-sparing diuretics should be given with caution, and the 
atient's serum potassium should be monitored frequently (see 
RECAUTIONS). Hemoglobia: Decreases in hemoglobin (a low value 
and a decrease of 5 g/dL) were rare, occurring in ony of 2014 
patients manng Lotensin alone and in 1 of 1357 patients receiving 
otensin plus a diuretic. No U.S. patients discontinued treatment 
because of decreases in hemoglobin. Other (causal relationships 


ion. 


© 1992, CIBA-GEIGY Corporation. 144-13017-A 


4 


Lotensin® benazepril hydrochloride 


napa Clinically important changes in standard laboratory tests 
were rarely associated with Lotensin administration. Elevations of liver 
enzymes, serum bilirubin, uric acid, and blood glucose have been 
feported, as have scattered incidents of hyponatremia, electrocardio- 
pane changes, leukopenia, eosinophilia, and proteinuria. In U.S. trials, 
less than 0.5% of patients discontinued treatment because of laboratory 
abnormalities. i 
OVERDOSAGE Single oral doses of 3 g/kg benazepril were associated 
with significant lethality in mice. Rats however, tolerated single oral 
doses of up to 6 g/kg. Reduced activity was seen at 1 g/kg in mice and at 
5 g/kg in rats. Human overdoses of benazepril have not been reported, 
but the most common manifestation of human benazepril overdosage is 
ig be hypotension. 

iboratory determinations of serum levels of benazepril and its 
metabolites are not widely available, and such determinations have, in 
any event, no established role in the management of benazepril 
overdose. 
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tients (7 men and 3 women, mean age 23 + 12 years) (7 patients during 
the baseline tilt, and 3 during isoproterenol infusion). Analysis of this 
group revealed that they had significantly more frequent and severe synco- 
pal episodes than did those patients with tilt-induced syncope without 
asystole. All patients who had tilt-induced asystole eventually became tilt- 
table negative with therapy (4 with blockers, 2 with disopyramide, and 4 
with atrioventricular permanent pacing), and over a mean follow-up of 21 
+ 6 months no further syncopal episodes occurred. It is concluded that 
patients with recurrent tilt-induced asystole represent a distinct subgroup 
that has recurrent severe syncope that may mimic or result in sudden 
cardiac death. Head-upright tilt-table testing is clinically useful in the 
diagnosis of this malignant vasovagal syndrome and in the evaluation of 
prophylactic therapy. 


909 EEEE : 
Usefulness of Predischarge Electrophysiologic Study in 
Predicting Late Outcome After Surgical Ablation of the 
Accessory Pathway in the Wolff-Parkinson-White Syndrome 
San-Jou Yeh, Chun-Chieh Wang, Fun-Chung Lin, Jen-Ping Chang, Chau- 
Hsiung Chang, and Delon Wu 








A predischarge electrophysiologie study was performed in 113 patients 
with the Wolff-Parkinson-White syndrome undergoing surgical ablation 
of the accessory pathway. The predischarge study showed presence of 
ventricular preexcitation with intact retrograde accessory pathway con- 
duction in 4 patients, and induction of supraventricular tachycardia in 4. 
Recurrence of supraventricular tachycardia occurred in 5 patients during 
follow-up of 28 + 26 months. Of these 5 patients, 2 had inducible and 3 
had no inducible tachycardia during the predischarge study. The overall 
predictive accuracy, and negative and positive predictive values of the 
predischarge study in predicting late recurrence of ventricular preexcita- 
tion or tachycardia were 95, 96 and 67%, respectively. 
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913 ofan, 
Significance of Ventricular Arrhythmias in Systemic 
Hypertension with Left Ventricular Hypertrophy 

Stuart D. Pringle, Francis G. Dunn, Peter W. Macfarlane, James H. 
McKillop, A. Ross Lorimer, and Stuart M. Cobbe 





The prevalence and significance of ventricular arrhythmias were studied 
in 90 hypertensive patients with left ventricular hypertrophy by undertak- 
ing 48-hour ambulatory electrocardiographic (ECG) monitoring, ECG 
signal-averaging and programmed ventricular stimulation. Complex ven- 
tricular ectopic activity (Lown grade 23) was detected in 59 patients 
(66%). Eleven patients (12%) had episodes of nonsustained ventricular 
tachycardia. There were no sustained arrhythmias either on ambulatory 
ECG monitoring or induced by programmed ventricular stimulation. 
Only 1 patient had ventricular late potentials recorded by the signal- 
averaged electrocardiogram. There was therefore little to suggest an un- 
derlying arrhythmogenic substrate in these patients. 
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918 
Comparative Effects of Fenoldopam Mesylate and 
Nitroprusside on Left Ventricular Performance in Severe 
Systemic Hypertension 

Béla B. Hackman, Beate Griffin, Mary Mills, and 

Kodangudi B. Ramanathan 





The effects of fenoldopam {n = 15), a selective dopamine-1 agonist, and 
nitroprusside on left ventricular function were assessed in 19 severely 
hypertensive subjects (diastolic blood pressure > 120 mm Hg) using radio- 
nuclide ventriculography. Fenoldopam produced greater increments in 
ejection fraction (+22 vs +8%; p = 0.04) and end-systolic pressure / 

| volume ratio (+43 vs +6%; p = 0.007), and a greater reduction in relative 

-r end-systolic volume (—35 vs —20%; p = 0.04) than did nitroprusside, 

bee despite smaller reductions in blood pressure (—12 vs ~22%; p = 0.002). 
These findings suggest an effect of fenoldopam on ventricular perfor- 
mance, which is independent of afterload reduction. 


923 
Comparison of Angiotensin-Converting Enzyme Inhibitors and 
Calcium Antagonists in the Treatment of Mild to Moderate 
Systemic Hypertension, According to Baseline Ambulatory 
Blood Pressure Level 

Daniel Herpin, Bernard Vaisse, Muriel Pitiot, Régis de Gaudemaris, Jean- 
Michel Mallion, Louis Poggi, and Jean Demange 





The ambulatory blood pressure (BP) recordings of 236 patients who were 
given either an angiotensin-converting enzyme inhibitor (n = 115) or a 
calcium antagonist (n = 121) were retrospectively reviewed. Patients 
were classified according to the difference between their observed and 
predicted ambulatory BP (the latter being calculated by regressing the 
former on the clinic BP), In patients with higher than predicted ambulato- 
ry BP level, angiotensin-converting enzyme inhibitors and calcium antag- 
onists resulted in a roughly similar effect; conversely, in patients with 
lower than predicted ambulatory BP, angiotensin-converting enzyme in- 
hibitors reduced both ambulatory systolic and diastolic BP to a greater 
extent than calcium antagonists did (p <0.0001, p = 0.04). Further anal- 
ysis showed ambulatory BP not to be significantly decreased with calcium 
antagonists and angiotensin-converting enzyme inhibitors. in patients 
he whose baseline levels were <135/85 and <120/80 mm Hg, respectively. 
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927 
Effect of Aortic Valve Stenosis (Pressure Overload) and 
Regurgitation (Volume Overload) on Left Ventricular Systolic 
and Diastolic Function 

Bruno Villari, Otto M. Hess, Philipp Kaufmann, Otto N. Krogmann, Joerg 
Grimm, and Hans P. Krayenbuehl 





o This study evaluates the interrelation between measures of systolic and 
~ diastolic function in chronic pressure and volume overload, and defines the 
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role of diastolic function parameters in the assessment of left ventricular | 

functional derangement in the presence of normal systolic contractile. 

function. Among the measures reflecting diastolic ventricular function aj 
(relaxation, filling and passive diastolic properties), only the time constant 

of pressure decay, and the constant of myocardial stiffness are correlated 

to systolic ejection fraction. Alterations of relaxation and passive elastic 

myocardial properties precede depression of systolic contractile function in 

50% of patients with aortic stenosis and in 91% with aortic regurgitation. 

A reduction in peak filling rate (either early or late) occurs infrequently in 

patients with aortic valve disease. 
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935 
Clinical Course of Middle-Aged Asymptomatic Patients with 
Hypertrophic Cardiomyopathy 

Gabriela M. Hecht, Julio A. Panza, and Barry J. Maron 





Patients with hypertrophic cardiomyopathy (HC) may present a wide 
spectrum of clinical and morpholegic manifestations. To further under- 
standing of the natural history of HC, 31 middle-aged patients (aged 35 to 
55 years) who initially presented with no or minimal symptoms were 
analyzed; 29 of these were followed for 22 years (range to 11.5, mean 8). 
Of the 29 patients, 22 are presently free of important cardiac symptoms, 
but 3 showed progression of symptoms, and 4 died suddenly. Annual 
mortality rate was 1.7%. In conclusion, of those patients with HC who 
achieved middle-age without developing important symptoms, 22 (76% ) = 
remained asymptomatic over the ensuing average 8-year period of evalua- 
tion. However, such patients are not protected from unfavorable clinical 
events, as evidenced by the fact that 7 (24%) had symptomatic deteriora- 
tion or sudden cardiac death during follow-up. 
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941 
Comparison of Magnetic Resonance Imaging with Cross- 

Sectional Echocardiography in the Assessment of Left oe 
Ventricular Myocardial Mass in Children Without Heart os 
Disease and in Aortic Isthmic Coarctation = 
Michael Vogel, Heiko Stern, Richard Bauer, and Konrad Buhimeyer 





To validate cross-sectional echocardiographic left ventricular (LV) mass 
determination, data from LV mass assessed by magnetic resonance imag- 
ing (MRI) were compared in 14 children aged 5.3 years (10 days to 14.7 
years) with a mean body surface area of 0.78 m? (range 0.25 to 1.61), 
MRI was considered to be a good reference method, because there is 
usually no problem in defining endo- and epicardial borders. With cross- 
sectional echocardiography the mass was 55 g (range 12 to 126) or 64 
g/m? (range 46 to 79), and with MRI it was 60 g (range 33 to 87) or 69 
g/m? (range 46 to.89). The regression analysis yielded an.r value of 0.98 
with a standard error of the estimate of 5. 7 gor a 10% difference. Eis oa dy 
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biliary cirrhosis. 
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Project. 1900 subjects with previous myocardial infarction were treated for five years 
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jects and 3000 placebo-treated subjects, out twice as many clotibrate-treated subjects 
developed cholelithiasis and cholecystitis requiring surgery. in the other study, con- 
ducted by the World Health Organization (WHO), 5000 subjects without known cor- 
onary heart disease were treated with clofiorate for five years and followed one year 
beyond. There was a statistically signsicant, 29%, higher total mortality in the clofibrate. 
treated than in a comparable placebe-treated control group. The excess mortality was 
Que to a 33% increase in noncardiovascuiar causes, including malignancy, post- 
cholecystectomy complications, and pancreatitis, The higher risk of clofibrate-treated 
subjects for gallbladder disease was confirmed 

During the Helsinki Heart Study and in the 1v2 year follow-up period since the trial 
was completed, mortality from any cause was 59 (2.9%) in the Lopid group and &5 
(2.7%) in the placebo group. Mortality from any cause during the double-blind pertion 
of the study was 44 deaths in the Lopid group and 43 in the placebo group. Because of 
the more Limited size of the Helsinki Heart Study, this result is not statistically- 
significantly different from the 29% excess mortality seen in the clofibrate group im the 
separate WHO study. Noncoronary heart cisease related mortality showed a 58% 
greater trend in the Lopid group (43 vs 27 patients in the placebo group, p=0.056i. 

In the Helsinki Heart Study, the incidence of total malignancies discovered during the 
tral and im the 12 years since the tria! was completed was 39 in the Lopid group and 29 
in the placebo group (differance not statistically significant). This includes 5 basal cell 
caro;nomas in the Lopid group and nene ir the placebo group (p=0.06; historical data 
predicted an expected 4.7 casas in the placebo group). GI malignancies and deaths 
from malignancies were not statistically 
different between Lopid and placebo sub. 
groups. Follow-up of the Helsinki Hear 
Study participants will provide further irfor- 
mation on cause-specific mortality anc 
cancer morbidity. 

2. A gallstone pravalence substudy af 450 
Halsinki Heart Study participants showed a 
trend toward a greater prevalence of gall- 
stones during the study within the Lopid 
treatment group (75% vs 4.9% tor the place- 
bo group, a 55% excess for the gemfibrozil 
group). A trend toward a greater incidence 
of gallbladder surgery was observed fer the 
Lopid group (17 vs 11 subjects, a 54% ex- 
cess). This result did not differ statistical’y 
irom the increased incidence of cholecystectomy observed in the WHO study in the 
group treated with clofibrate, Both clofisrate and gemfibrozil may increase cholesterol 
@xcretion into the bite leading to cholelithiasis. If cholelithiasis is suspected, gallbladder 
studies are indicated. Lopid therapy should be discontinued if gallstones are found 

3, Since a reduction of mortality fromcoronary artery disease has not been 
demonstrated and because liver and interstitial cell testicular tumors were increased in 
tats, Lopid should be administered only to those patients described in the INDICATIONS 
AND USAGE section. Ifa significant serum lipid response is not obtained, Lopid should 
be. discontinued. 

4. Concomitant Anticoagulants ~- Caution should be exercised when anticoagulants 
-are given ir conjunction with Lopid. The. dosage of the anticoagulant should be reduced 
to maintain the prothrombin time at the desired level to prevent bleeding complications. 
Frequent prothrombin determinations are advisable until it has been definitely determined 
that. the prothrombin level has stabilizec 

5. Concamitant therapy with Lopid ard Mavacor® (lovastatin) has been associated with 
rhabdomyciysis, markedly elevated creatine kinase (CK) levels and myoglobinuria, 
leading in a high proportion of cases towcute renal failure. In most subjects who have 
had an unsatisfactory lipid response to ether drug alone, the possible benefit of combined 
therapy with lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, 
rhabcomyclysis, and acute renal failure ‘See Drug interactions). The use of fibrates 
alone, including Lopid, may occasionally be associated with myositis. Patients receiving 
Lopid and complaining of muscle pain, tenderness, or weakness should have promot 
medical evaluation for myositis, including serum creatine kinase level determination If 
myositis is suspected or diagnosed, Loged therapy should be withdrawn. 

6. Cataracts — Subcapsular bilateral cataracts occurred in 10%, and unilateral in 63% 
of male rats treated with gemfibrozil at 10 times the human dose. 

PRECAUTIONS. 1. initial Therapy — Laboratory stucies should be done to ascertain 
that the tipid levels are consistently abniarmal. Before instituting Lopid therapy. every at- 
teropt should be made to contro! serumiipids with appropriate diet, exercise, weight loss 
in obese patients, and control of any medical problems such as diabetes mellitus and 

z hypothyroidism that are contributing to the lipid abnormalities. 

- 2. Continued Therapy -- Periodic determination of serum lipids should be obtained, 
and the drug withdrawn if lipid response is inadequate after 3 months of therapy. 

3. Drug Interactions — (A) Lovastatin: Rrabdomyolysis has occurred with combined 
gemfibrozil and lovastatin therapy. It may be seen as early as 3 weeks after initiation of 
combined therapy or after several months. In most subjects who have had an unsatistac- 
tory lipid response to either drug alone, the possible benefit of combined therapy with 
lovastatin and gemfibrozil dees not outweigh the risks of severe myopathy. rhab- 
doryolysis, and acute renal failure. These is ro assurance that periodic monitoring cf 
creatine kinase will prevent the occurrence of severe myopathy and kidney damage. 

(B) Anticeagulants: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 
LANTS ARE GIVEN IN CONJUNCTION. WITH LOPID. THE DOSAGE OF THE ANTI- 
COAGULANT SHOULD BE REDUCED'TO MAINTAIN THE PROTHROMBIN TIME AT 
THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT 
PROTHROMBIN DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN 
DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL HAS STABILIZED. 

4 Carcinogenesis, Mutagenesis, Impairment of Fertility — Long-term studies 
have been conducted in rats and mice af one and ten times the human dase. The inci- 
dence of benign liver nodules and liver carcinomas was significantly increased in high 
dose male rats. The incidence of liver carcinomas increased also in low dose males, 
but this increase was not statistically sige ficant (p=0,1). In high dose female rats, there 
was a significant increase inthe combined incidence of benign, and malignant liver 
neoplasms. in male and fernale mice, thare were no statistically significant differences 
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irom contfols in the incidence of liver tumors, but the doses tested weg jower than those 
shown to be carcinogenic with other fibrates. 

Male rats had a dose-relatec and statistically significant increase of benign Leydig cell 
tumors at 1 and 10 times the numan dase. 

Electros microscopy studies have demonstrated a florid hepatic peroxisome prolifera- 
zon following Lopid administration te the male rat. An adequate study to test for perox- 
‘some proliferation has not been done in humans but changes in peroxisome 
morphology have been observed. Peroxisome proliferation has been shown to occur in 
numans with either of two other drugs of the fibrate class when liver bicpsies were com- 
pared before and after treatment in the same individual. 

Administration of approximately three or ten times the human dose to male rats for 10 weeks 
resulted ir a dose-related decrease of fertility. Subsequent studies demonstrated that this 
effect was: reversed after a drug-free period of about eight weeks, and i was not transmit- 
ted to the offspring. 

5. Pregnancy Category B — Reproduction studies have been performed in the rat at 
doses 3 and 9 times the human dose, and in the rabbit at 2 and 6.7 times the human 
dose. These studies have revealed ro evidence of impaired fertihty in females or harm to 
the fetus due to Lopid. Minor fetotoxicity was manifested by reduced birth rates observed 
at the high dose levels. No significari malformations were found among almost 400 oft- 
spring from 36 litters of rats and 100 fetuses from 22 litters of rabbits. 

There are no studies in pregnant women. In view of the fact that Lopid is tumorigenic in 
male and female rats, the use of Lop-d in pregnancy should be reserved for those pa- 
tants where the benefit clearly outweighs the possible risk to the patiert or fetus. 

6. Nursing Mothers — Because o` the potential for tumorigenicity shown for gem- 
fiprozil in rats, a decision shouid be made whether to discontinue nursiag or discontinue 
the crug, taking into account the importance of the drug to the mother. 

7. Hematologic Changes — Mild hemoglobin, hematocrit anc whiteblood cell 
decreases have been observed in occasional patients following initiation of Lopid 
therapy. However, these levels stabilize during long-term administration. Rarely, severe 
anemia, leukopenia, thrombocytopenia, and bone marrow hypopiasia nave been 
reported, Therefore, periodic stood counts are recommanded during the first 12 months 
cf Lopid administration. 

8. Liver Function — Abnormal liver function tests have been observed occasionally 
during Lapic administration: including eleva- 
tions of AST (SGOT), ALT (SGPT), LDH, bili- 
tubin, and alkaline phosphatase. These are 
usually reversible when Lopid is discon- 
tinued. Therefore periodic liver function 
studies are recommended and Lopid therapy 
should be terminated if abnormalities persist. 

9. Use in Children — Safety and efficacy in 
children have not been established. 
ADVERSE REACTIONS. Ir: the double-blind 
controlled phase of the Helsinki Heart Study, 
2046 patients received Lopid for up to 5 years. 
in that study, the following adverse reactions 
were statistically more frequent in subjects in 
the Lopid group (placebo incidence in paren- 
theses): gastrointestinal reactions, 34,2% 
(23.8%), dyspepsia, 19.6% (11.9%); abdominal pain, 9.8% (5.6%), acute appendicitis 
(histologically confirmed in mos: cases where data are available), 1.2% (0.6%): atrial 
fibrillation, 0.7% (0.1%). 

Adverse avents reported by more than 1% of subjects, but without a significant differ- 
ance between groups (placebo incidence in parentheses) were: diarrhea, 7.2% (6.5%). 
fatigue, 3.8% (3.5%); nausea/vomiting, 2.5% (2.1%); eczama, 1.9% (1.2%); rash, 1.7% 
(1.3%); vertigo, 1.5% (1.3%); constipation, 1.4% (1.3%); headache, 1.2% (1.1%). 
Gallbladder surgery was performed in 0.9% of Lopid and 0.5% of placebo subjects, a 
64% excess, which is not statistically different from the excess of gallbladder surgery 
observed ir the clofibrate compared to the placebo group of the WHO study, 

‘Nervous system and special senses adverse reactions were more common in the 
Lopid group. These included hyoesthesia, paresthesias, and taste perversion. Other 
adverse reactions that were more common among Lopid treatment group subjects but 
where a causal relationship wes not established include cataracts, peripheral vascular 
disease, and intracerebral hemorrhage. 

From other studies it seems orobabie that Lopid is causally related to the occurrence 
ofmusculeskeletal symptoms (See WARNINGS), and to abnormal liver function 
tests and hematologic changes (See PRECAUTIONS). 

Reports of viral and bacterial infections (common cold, cough, urinary tract infections) were 
more common in gemtibrozil-treated patients in other controlled clinical triets of 805 patients. 
Additional adverse reactions that have been reported for gemfibrozil are listed below 

by system. These are categorized according to whether a causal relationship to treat- 
meant with Lopid is probable or not established: 

CAUSAL RELATIONSHIP PROBABLE: Gastrointestinal: cholestatic jaurmice; Central 
Nervous System: dizziness, somnolence. paresthesia, peripheral neuritis, decreased 
lindo, depression, headache; Eye: blurred vision; Genitourinary. impotence; 
Musculoskeletal; myopathy, myasthera, myalgia, painful extremities, arthralgia, 
synovitis, rhabdomyolysis (see WARN'NGS and Drug interactions under PRECAU- 
TIONS), Clinical Laboratory: increased creatine phosphokinase, increased bilirubin, in- 
creased liver transaminases (AST [SGOT], ALT (SGPT), increased alkaline phosphatase; 
Hematopoietic: anemia, leukopenia, bone marrow hypoplasia, eosinophilia; Im- 
munoiogic. angioedema. laryngeal edema, urticaria: integumentary: extoliative der- 
matitis, rash. dermatitis, pruritus. 

CAUSAL RELATIONSHIP NOT ESTABLISHED: General: weight loss, Cardiac: extrasys- 
toles, Gastrointestinal: pancreatits, hepatoma, colitis, Central Nervous System: confu- 
sion, convulsions, syncope; Eye: retinal edema; Genitourinary: decreased male fertility; 
Clinica! Laboratory: positive antinuclear antibody; Hematopoietic: thrombocytopenia; 
Immunologic: anaphylaxis, Lupus-like syndrome, vasculitis; Integumentary: alopecia. 
DOSAGE AND ADMINISTRATION. The recommended dose for adultsis 1200 mg 
administered in two divided doses 30 minutes before the morning and evening meal. 
MANAGEMENT OF OVERDOSE. While there has been no reported case of over- 
dosage. symptomatic supportive measures should be taken should it occur 
References: 1. Frick MH, Elo O, HaapaX, et al: Helsinki Heart Study: Prmary preven- 
toa trial with gemfibrozil in middle-aged men with dyslipidemia. N Engi J Med 
1987;317:1237-1245. 2. Manniner:V, Elo Q, Frick MH, et al: Lipid alterations and decline 
in the incidence of coronary heart disease in the Helsinki Heart Study. JAMA 1988; 
2629:641-651. 3, Nikkila EA: Familial ipoprotein lipase deficiency and related disorders of 
chylomicron metabolism: In Stanbury. B et al. (eds): The Metabolic Basis of Inherited 
Disease, Sth ed., McGraw-Hill, 1983, Chap. 30. pp. 622-642. 

Caution — Federal law prohibits dispersing without prescription 
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And a safer way to 
great cardiac imaging. 





Also available in a 35% concentration: OPTIRAY® 350 (ioversol injection 74%) 


Great cardiac visualization with 
the safety of lower iodine... 


A recent clinical study showed that OPTIRAY® 320 (ioversol injection 68%) 
provides equivalent image density when compared with contrast agents of 
higher iodine concentration.’ 


So OPTIRAY® 320 provides a means 
for reducing the amount of iodine 
administered with no reduction in 
overall image quality. And a lower 
iodine dose may reduce the 
likelihood of renal dysfunction, 


Mean arterial density* 


Omnipaque® 350* lsovue®-370t OPTIRAY® 320 
(350 mgl/mL) (370 mgl/mL) (320 mgi/mL) 





lower viscosity... and lower osmolality. 


Viscosity (CPS at 37°C) 


Osmolality (mOsm/kg H,0) 


Omnipaque® 350* lsovue®-37 0+ OPTIRAY® 320 


Omnipaque® 350* lsovue®-370t OPTIRAY* 320 





The low viscosity and greater flow OPTIRAY* 320 has the lowest 
rate of OPTIRAY® 320 mean easier osmolality of these nonionic 
hand injections and images contrast media. 

equivalent to contrast agents with 

a higher iodine concentration.’ 


Sometimes all you need is a little less, to get more. 


All nonionic iodinated contrast media currently available inhibit blood coagulation, in vitro, less than ionic contrast media. Clotting has 
been reported when blood remains in contact with syringes containing nonionic contrast media. Therefore, meticulous intravascular 
administration technique is necessary to minimize thromboembolic events. 


References: 
1. Kern MJ, Roth RA, Aguirre FV, Beauman G, Vogel R. Effect of viscosity and iodine concentration of nonionic radiographic contrast media on coronary arteriography in patients 
Am Heart J. 1992; 123:16C-165. 2. Gomes AS, Baker JD, Martin-Paredero V, et al. Acute renal dysfunction after major arteriography. AUR. 1985; 145:1249-1253 


*Omnipaque® (iohexol) — Winthrop Pharmaceuticals 
tlsovue® (iopamidol) —E.R. Squibb & Sons, Inc. 


Please see the following page for a brief summary of prescribing information. 
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A safer way to great imaging 


OPTIRAY® 160 240 320 350 
{loversol injection) 
DESCRIPTION: Each miiiter of OPTIRAY 160 (ioverso! injection 
ay provides 339 mg of ioversol with 3.6 mg of trareethamine as a buffer 
and 0.2 mg of edetate calcium disodium as a stabilize, OPTIRAY 160 pro- 
vides 16% (160 mg/mL} organically bound iodine. 

Each milliliter of OPTIRAY 240 (ioversol injection 51%) pravides 509 mg 
of ioversol with 3.6 mg of tromethamine as a buffer and 0.2 mg of edetate 
calcium disadium.as a stabilizer, OPTIRAY 240 provides 24% (240 mg/mL} 
organically bound-odine. 

Each miiiliter of OPTIRAY 320 (ioverso! injection 68%) provides 678 mg 
of ioversoi with 3.6 mg of tromethamine as a butter and 0.2 mg of edetate 
calcium disodium as a stabilizer. OPTIRAY 328 provides 32% (320 mg/mL} 
organically bound iodine. 

Each milliliter o? OPTIRAY 350 (laversal injection 74%} provides 741 mg 
of ioversal with 3.5 mg of tramethamine as a buffer aad 0.2 mg of edetate 
calcium disodium as a stabilizer. OPTIRAY 358 provides 35% (350 mg/mL) 
organically bound iodine. 

CONTRAINDICATIONS: None 

WARNINGS: Nonionic iod nated contrast madia inhibit bloed 
Coagulation, in vitro, less than ionic contrast media. (iotting has been re- 
ported when blood remains.in contact with syringes containing nonionic 
contrast media 

Serious, rarely tatal, thromboembolic evems causing myozardial infarc 
tion and stroke have been reported during angiograp™ic procedures with 
both icenic and nenionic contrast media. Therefore, meticulous intra- 
vascular acministeation technique is necessary, partiowlarly dunng angio- 

saphic procedures, to minimize thromboembolic avents. Numerous 
actors, including ‘ength of procedure, catheter and syringe material, un- 
derlying disease state and concomitant medications may contribute to the 
development of thromboembolic events. For these masons, meticulous 
angiographic techniques are recommended inciudiny close attention to 
guidewire and catheter manipulation, use cf manifald systems and/or 
three-way stopcocks. frequent catheter flushing with heparinized saline 
solutions and minsmizing the length of the procedure The use of plastic 
syringes in place cf glass syringes has been reported to decrease but not 
eliminate the likelihood of in vitro clotting 

Sericus or fata! actions have been associated with the administration af 
iodine-cantaining radiopaque media. It is of utmost importance to be com- 
pletely prepared to treat any cantrast medium seaction: 

As with any contrast medium, serious neurologic sequeae, including 
permanent paralysis, can oceur following cerebra! arteriography, selective 
Spinal arteriography and arteriography of vessels suppiying the spinal cord 
A cause-effect relationship to the contrast medium has sot been established 
since the patients pre-existing condition and procedural technique are 
causative factors in themselves, The arterial inection of a contrast medium 
should never be made following the administration of-vasopressors since 
they strongiy potertiate neurologic effects 

auton must be exercised in patients with severely impaired renal 
function, combinad renal and hepatic disease, severe thyrotoxicosis, 
myelomatosis, or anuria, particularly when large doses are administered, 

Intravasculany administered iodine-contaning fai:apaque media are 
potentially hazardous in patients with multiple myeloma or other 
Pavaproteinmi. particularlyin those with therapeutically resistant anuria 

lyeloma occurs most commonly in persons over age 40. Although neither 
the contrast agent nor dehydration has been proved separately to be the 
cause of anuna in myelomatous patients, it has been speculated that the 
combination of both may be causative. The risk in mye:smatous patients is 
not a contraindication to the procedure: however, swecial precautions, 
including maintenance of normal hydration and clase monitoring, ara 
required. Partial dehydration in the preparation of these patients prior 
to injection is not recommended since this may predispose the patient to 
precipitation of the myeloma protein. 

Administration af radiopaque materials to patients mown or suspected 
of having pheochromocytoma should be performed win extrame caution. 
if, in the opinion of the physician, the possible Denefits.of such procedures 
outweigh the considered risks, the procedures may be performed: 
however, the amount of radiopaque medium injected should de kept to an 
absolute minimum. The blood pressure shouid be assessed throughout the 
procedure, and measures tor treatment of a hypertemsive crisis should 
be available. 

Contrast media may promote sickling in indiwduals who are homozygous 
for sickle ceil disease when administered intravascularly, 

Reports of thyroid storm following the intravascular use of iodinated 
radiopaque agents in patients with hyperthyroidism or with an auton- 
omously functioning thyroid nodule, suggest that this additional risk be 
evaluated in such patients betore use of any contrast medium. 
PRECAUTIONS: General Diagnostic procedures which invoive the 
use of iodinated intravascular contrast agents should b2 carried out under 
the direction of personnel skilied and experianced in “ne particular pro- 
cedure to be performed. A tuily equipped emergency cart, or equivalent 
supplies and equipment, and personne! competent in re: ognizing and treat- 
ing adverse reactions of ali types should always be available. Since severe 
delayed reactions have been known to occur, emergency facilities and com- 
petent personnel shouid be availabe tor at least 30 te 60 minutes after 
administration 

Preparatory dehydration is dangerous and may contebute to acute rena’ 
failure in patients wth advanced vascular disease, diabetic patients, and in 
Susceptible non-diabetic patients (often elderly with-pre-existing rena! 
disease). Patients should be well hydrated prior ta and following the 
administration of OPTIRAY. 

The possibility of a reaction, including serous. life-threatening. fatal, 
anaphylactoid or cardiovascular reactions, should sways be consid- 
ered (See ADVERSE REACTIONS). Increased risk is associated with a his- 
tory of previous reaction to a contrast medium. a known sensitivity to iodine 
and known ailergies4i.e,. bronchial asthma, hay fever and food allergies) or 
hypersensitivities 

‘The occurrence o' severe idiosyncratic reactions has prompted the use of 
several pretesting methods. However, pretesting cannii be raed upon to 
predict severe reactions and may itself be hazardous tea the patient, It is 
suggested that a thorough medical history with emphasis on allergy and 
hypersensitivity, prier to the injection of any comrast medium, may be more 
accurate than pretesting in predicting potential adverse reactions, A posi- 
tive history of allergies or hypersensitivity dogs not acbitrarily contrain- 
dicate the use of a contrast agent when a diagnostic pracedurs is thought 
essential, but caution should be exercised. Premeadication with antihis- 
tamines or corticosteroids to avoid or minimize possible allergic reactions 
in such patients should be considered. Reports indicate (nat such pretreat- 
ment does nat prevent serious life-threatening reactions, but may reduce 
both their incidence and severity. 

General anesthesia may be indicated in the performance of some proce- 
dures in selected patients; however, a higher incidence of adverse reactions 
has been reported in these patients, and may be attributagie tc the inability 
of the patient to identify untoward symptoms or to the hysotensive effect of 
anesthesia which can prolong’he circulation tme and crease the dura- 
tion of exaosure to the contrast agent 

In angiographic procedures. the oossibility of disisdging plaques or 
damaging or perforating the vessel wall should be considered caring cathe- 
ter manipulations and contrast medium injection. Test i-ections to insure 
proper catheter placement are suggested. 

Angiography should be avoided whenever possible in patients with 
homocystinuria because of the risk of inducing Mrombox:s and embolism. 

Patients with congestive heart failure should be cbserved for sev- 
eral hours following the procedure to detect delayzd hemodynamic 
disturbances which may be associated with a trangfory increase in 
the circulating osmotic load. 

Selective coronary arteriography should be performe? only in selected 
patients and those im whom the expected benefits outweigh the procedural 
risk. The -nherent risks of angiocardiagraphy in patients with chronic pul 








monary emphysema must be we:ghed agains: the necessity tor performing 
this procedure, 

Extreme caution during inject-on of a contrast medium is necessary to 
avoid extravasation, This is especially important in patients with severe 
arterial of venous disease. 

Drug interactions: Rena! toxicity has been reported in a few patients with 
fiver dysfunction who were given oral cholecystegraphic agents followed by 
intravascular contrast agents. Administration of any intravascular contrast 
agent should therefore be postponed in patientsavho have recently received 
a cholecystographic contrast agent. 

Other drugs should not be mixed with ioversa! injection. 

Drug Laboratory Test interactions: The results ct PBI and radioactive 
iodine uptake studies, which depend on iodine estimation. wil not accurately 
reflect thyroid function for up to 16 days follew:ng administration of iodi- 
nated contrast media. However, thyroid functian tests not depending on 
iodine estimations. eg.. T3 resin uptake and ‘otal or free thyroxine (T4) 
assays are not affected. 

Carcinogenesis, Mutagenesis, impairment af Fertility: No long term 
animal studies have been performed to evaiuate carcinogenic potential, 
However, animal studies suggest that this drug :s net mutagenic and does 
not affect fertility. 

Pregnancy Category B: No teratogenic eftects attributable to ioverso! 
have been observed in teratolagy studies performed in animats. There are, 
however, no adequate and we'l controlied studies in oregnant women. It is 
not known whether ioversal crosses the piacertal barrier or reaches fetal 
tissues. However, many injectable contrast agents cross the placental bar- 
rier in humans and appear to enter fetal tissue pass vely. Because animal 
teratology studies are not always predictive of human response, this drug 
should be used during pregnancy only it clearlywneeded. X-ray procedures 
involve a certain risk related to the exposure of the fetus. 

Nursing Mothers: It is not known whether ioversot is excreted in human 
milk, However, many injectable contrast agents are excreted unchanged in 
human milk. Although it has not been established that serious adverse reac- 
tions occur in nursing infants, caution shauld be exercised when 
intravascular contrast media are administered to nursing women because 
of potential adverse reactions, and consideratiershould de given to tempo- 
rarily discontinuing nursing 

Pediatric Use: Satety and effectiveness im chiidren have not been 
established. 

ADVERSE REACTIONS: Adverse reactions following the use 
of OPTIRAY formulations are usually mild to moderate, of short duration 
and resolve spontaneously (without treatment) However, serious, 
life-threatening and fatal reactions, mostly of cardiovascular origin, have 
been associated with the admin:stration of :odine-contaiing contrast 
media. 

injections of contrast media are often assaciated with sensations of 
warmth and pain. In controlled double-blind clinical studies, significantly 
{ess warmth and pain were associated with the mjection of OPTIRAY than 
with iothalamate meglumine, diatrizoate meglumine, and diatrizoate meg- 
lumine and diatrizoate sodium 

When OPTIRAY was used tor coronary artericgrapny and ventriculogra- 
phy in double-blind clinical trials, electrocardiographic and hemodynamic 
changes occurred with less frequency and severity with ioversol injection 
than with diatrizoate meglumine and diatrizoate sodium. 

Following coronary artery and left ventricular injection, electrocardio- 
graphic parameters were affected less with OPTIRAY (ioversol injection} 
than with diatrizoate meglumine and diatrizoate sodium injection. These 
parameters included the following: bradycardia, tachycardia, T-wave 
amplitude, ST depression and ST elevation. 

PTIRAY has also been shown to cause tewe: changes in cardiac func- 
tion and systemic blood pressure than conventional ionic media. These 
include cardiac output, left ventricular systolic and end-diastolic pressure, 
right ventricular systolic and puimonary artery systolic pressures and 
decreases in systolic and diastolic blood pressures. 

The following table of incidence of reactions is based upon clinicai trials 
with OPTIRAY formulations in over 1466 patiants. This fisting includes all 
adverse reactions which were coincidental to the administration of ioversol 
regardless of their direct attributability to the drug or the procedure. 
Adverse reactions are listed by organ system ard in decreasing order of 
occurrence. Significantly more severe reactions are listed before others ina 
system regardless of frequency. 





Adverse Reactions 
System > 1% 1% 
Cardiovascular none angina pectoris 
hypotension 
blood pressure 
flactuation 


arterial spasm 
bradycardia 
ucton defect 

faise aneurysm 
hypertension 
transient arrhythmia 
vascular trauma 
nausea 
vomiting 
cerebral infarct 
headache 
blurred vision 
ver tgo 
lightheadedness 
vasevagal reaction 
discrientation 
paresthesia 
dysphasia 
muscle spasm 
syneope 
visual hallucination 
laryegeal edema 
pulmonary edema 
sneezing 
nasal congestion 
coughing 
shortness of breath 
hypexia 
perierbital edema 
urticaria 
facia! edema 
flush: 
pruntus 
extravasation 
hematoma 
shaking chills 
bad caste 
general pain 

Regardless of the contrast medium employed. the overall incidence of 
serious adverse reaction is higher with coronaryarteciography than with 
ether procedures. Cardiac decompensation, serous arshythmias, myocar- 
gial ischemia or myocardial infarction may eccu: during coronary 
arteriography and left ventriculography. 

General Adverse Reactions to Contrast Media 

The following adverse reactions are possible witi any parenterally admin- 
istered iodinated contrast medium Severe life-threatening reactions and 
fatalities, mostly of cardiovascular origin, have-occurred. Most deaths 
occur during injection or 5 to 10 minutes later: the main feature being car- 
diac arrest with cardiovascular disease as the mais aggravating factor. Iso- 
lated reports of hypotensive collapse and shock are found in the literature. 
Based upon clinical literature, reported deaths trom the administration of 


Digestive none 


Nervous none 


Respiratory none 


Skin none 


Miscellaneous none 


conventional iodinated contrast agents range from 6.4 per 1 million 
{0.00066 percant) to 1 in 10.000 patients (0.01 percent). 

The raparted incidence of adverse reactions to contrast media in patients 
with a hstary of allergy is twice that of tne general population. Patients with 
a history cf previous reactions to a contrast medium are three times more 
suscept-bie then other patients. However, sensitivity to contrast media does 
not appear to increase with repeated examinations. 

Adverse reactions to injectable contrast media fail into two categories: 
chematexic reactions and idiosyncratic reactions. 

Chemotoxic reactions result from the physicochemical properties of the 
contrast medium, the dose and the speed of injection. Al! hemodynamic 
disturbances and injuries to organs or vessels pertused by the contrast 
medium are included in this category. 

idiosyneratic reactions include ali other reactions. They occur more fre- 
quently n datients 20 to 40 years old. idiosyncratic reactions may or may 
not be dependent on the dose injected, the speed of -njectien, the mode of 
injection and the radiographic procaduve. Idiosyncratic reactions are sub- 
divided into minor, intermediate and severe. The mino: reactions are 
seif-limiec and of short duration: the severe reactions are life-threatening 
and treacmant is urgent and mandatory. 

in additvon to the adverse reactions reported for ioversol, the follow- 
ing additional adverse reactions have been reported with the use of other 
contrast agents and are possible with any water soluble, iodinated con- 
trast agent 

Nervous’ cowwulsions, aphasia, paralysis, visual field losses which are 
usually transient but may be permanent. coma and death. 

Cardievescuiar: angioneurotic edema, peripheral edema, vasodilation, 
thrombess ard rarely thrombaphiebitis, cisseminated intravascular 
coagulation and shock 

Skin: macuic papular rash, erythema, conjunctival symptoms, ecchymo- 
sis and tissue Necrosis. 

Respiratory: choking, dyspnea, wheezing which may bean initial man- 
ifestation ef more severe and infrequent reactions including asthmatic 
attack, laryngcspasm and bronchospasm, apnea and cyanosis. Rarely 
these alterqic-type reactions can progress into anaphylaxis with loss of 
consciousness, coma. severe cardiovascular disturbances and death. 

Miscellaneous: hyperthermia, temporary anuria or other aephropathy. 

Other reactions may also occur with the use of any contrast agent as a 
consequence of the procedural hazard, these include hemorrhage or 
pseudoaneurysms at the puncture site, brachial plexus palsyfollowing axil- 
lary artery injections, chest pain, myocardial infarction,.and transient 
changes in ‘epatorenal chemistry tests. Arterial thrombosis. displacement 
of arterial plaques, venous thrombosis, dissection of the coronary vessels 
and transient sivus arrest are rare compiications. 

in cerebral arteriography, cardiovascular reactions that may occur with 
some frequency are bradycardia and either an increase or decrease in 
systemic blood pressure. Neurological reactions that may occur are: 
seizures, drowsiness, transient paresis, and mild disturbances in vision. 

Central nervous system reactions with OPTIRAY in cortrolied clinical 
studies in serebral arteriography that were considered drug-related and 
occurred with f"equencies greater than 1% were: headache, bradycardia, 
blood pressure ‘luctuation, disorientatioa, nausea and vertigo. 

in aortography, depending on the tecanique empioyed, the risks of this 
procedure afso include the following: imury to the aorta and neighboring 
organs. plewral puncture, renal damage iacluding infarction and acute tubu- 
lar necrosis with oliguria and anuria, retroperitoneal hemorrhage from the 
translumaa approach and spinal cord injury and pathology associated with 
the syndrome cf transverse myelitis. Under conditions of siowed aortic 
circulation there is an increased likelihood for aortography tc cause muscle 
spasm. Cecasional serious neurologic complications, including paraplegia, 
have also been reported in patients with aortoiliac obstruction, femoral 
artery obstruction, abdominal compression, hypotension, hypertension, 
spinal anesihes a, and injection of vasapressors to increase contrast. In 
these patents the concentration, volume, and number of repeat injections 
of the medium should be maintained at a minimum wits appropriate 
intervals betwean injections. The position of the patient and catheter tip 
should be carefully monitored. 

Entry of a large aortic dose into the renal artery may cause, even in 
the absence of symptoms, albuminuria, nematuria, and an elevated creat- 
ne and urea nitrogen. Rapid and complete return of function usually 
follows. 

There were no cardiovascular system reactions with OPTIRAY in con- 
trolled clinical studies in coronary arteriography with left ventriculography 
that were considered drug-related and occurred with a frequency greater 
than 1%. 


PRECAUTIONS FOR SPECIFIC PROCEDURES: 


Cerebral Arteriography 

Extreme caution is advised in patients with advanced arteriosclerosis, 
severe hyperter sion, cardiac decompensation, senility, recent cerebral 
thrombosis or embolism, and migraine, 


Peripheral Avteriography 

Pulsation should be present in the artery to be injected. la thromboan- 
Qiitis obliterans, or ascending infection associated with severe ischemia, 
angiography should be performed with extreme caution, if atall. 


Coronary Areriography and Lett Ventriculegraphy 

Mandatory prerequisites to the procedure are specialized personnel, ECG 
monitoring apparatus and adequate faciities for immediate-resuscitation 
and cardieversion. Electracardiograms aad vital signs should be routinely 
monitorec throughout the procedure. 


Venagrapay 

Special care is required when venograghy is performed impatients with 
suspected thrombosis, phlebitis, severe ischemic disease, local infection cr 
a totally obstructed venous system. In order to minimize extravasation 
during injection, fluoroscopy is recommended. 


intravenous Digical Subtraction Angiography 

in addition fo the general precautions previously described. the risks 
associated with FY DSA include those usually attendant with catheter pro- 
cedures ang inciude intramural injections, vessel dissection and tissue 
extravasation. The potential risk is reduced when smali test injections of 
contrast medium are made under fluoroscopic observation to insure that 
the catheter ‘ip is properly positioned anc, in the case af peripheral place- 
ment, that the ve n is of adequate size. 

Patient metior. including respiration aad swallowing, can result in mis- 
registration lading te image degradation and non-diagnostic studies. 
OVERDOSAGE: The adverse affects of overdosage are lite- 
threatening and affect mainly the pulmorary and cardiovascular system. 
Treatment: of an overdosage is directec toward the support of all vital 
functions, and prompt institution of sympiornatic therapy. 

foverso: does not bind to plasma or serum protain and is therefore, 
dialyzabie, 

he intravencus UD,, values (gi/kg} for ioverso! in animais were: 
17 (mice), and 15 (rats). 
DOSAGE AND ADMINISTRATION: Detaiis on dosage 
are provicer in the package insert, CONSULT FULL PACKAGE INSERT 
DH 
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concluded that cross-sectional echocardiography can reliably assess LV 
myocardial mass in pediatric patients. 
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Short- and Midterm Results of Balloon Valvuloplasty for 
Valvular Aortic Stenosis in Children 

Maarten Witsenburg, Adri H. Cromme-Dijkhuis, Ingrid M. E. Frohn-Mulder, 
and John Hess 





Twenty-one children with valvular aortic stenosis (10 of whom had under- 
gone earlier surgical valvulotomy) underwent balloon valvuloplasty, be- 
cause of a substantial gradient, ST-T changes or syncope. Valvuloplasty 
reduced the Doppler gradient by 48%, which persisted after 2 to 4.2 years 
of follow-up. ST-T changes disappeared, and syncope did not reoccur. 
Except for age, weight and left ventricular end-diastolic pressure before 
valvuloplasty, there were no differences between the earlier operated and 
nonoperated patients. Aortic valvuloplasty postponed surgical treatment, 
but induced occurrence or increase of valve regurgitation in many pa- 
tients. Three patients underwent valve replacement because of aortic valve 
regurgitation within 2 years (all 3 had undergone earlier surgical valvu- 
lotomy). 








MISCELLANEOUS 


i a LAA E E A E 
Circadian Variation in Platelet Function in Healthy Volunteers 
Syed M: Jafri, Mike VanRollins, Tsunenori Ozawa, Eberhard F. Mammen, 
A. David Goldberg, and Sidney Goldstein 


Circadian variation in hemostasis-related factors was evaluated in 9 
healthy patients. Circadian changes occurred in 6-thromboglobulin (p 
<0.05) and platelet factor 4 (p <0.06). Platelet activation was lowest 
with patients resting and supine, and increased with activity, with peak 
levels achieved at 3 P.M. (p <0.01). Activation of coagulation, as deter- 
mined by thrombin—antithrombin III complexes (p = 0.44) or D-Dimers 
(p = 0.36), did not show diurnal variation. Circadian changes in platelet 
function were related to activity and not to morning hours as reported by 
other. studies. 





METHODS 


955 
Outcome and Complications of Prolonged Intraaortic Balloon 
Counterpulsation in Cardiac Patients 

Jason M. Lazar, Galal M. Ziady, Stephen J. Dummer, Mark Thompson, 
and Robert J. Ruffner l 





The prolonged use of the intraaortic balloon pump in patients with end- 
stage heart disease was studied in 49 patients retrospectively. All patients: 
needed the support for 25 days. Insertion of the balloon catheter was 
performed percutaneously, and the duration of insertion ranged from 5 to 
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CAPOTEN is contraindicated in patients who are hypersensitive to this product. Angioedema has been reported in 
patients receiving ACE inhibitors. 

*CAPOTEN should generally be added to diuretics and digitalis except when digitalis use is poorly tolerated or 
otherwise not feasible; add CAPOTEN when patients have not responded adequately. 
Please see INDICATIONS AND USAGE, CONTRAINDICATIONS, WARNINGS, PRECAUTIONS, and ADVERSE REACTIONS in the 
brief summary on the last page of this ad. 





Even in mild to moderate 
heart failure, when diuretics and 
digitalis are not enough’... 


ANDONE CAPOTEN 
DOES MORE FOR PATIENTS 
SO THEY CAN DO MORE 


FOR THEMSELVES. 


Increases cardiac output 
and reduces afterload. 


Reduces symptoms so patients 
feel better.” 


Reduces hospitalizations 
and ER visits compared with 
diuretics alone.’ 


IN HEART FAILURE 


4 CAPOTEN 
(captopril) 


12.5 mg, 25mg, 50mg, 100 mg Scored Tablets 


























CAPOTEN' TABLETS 

Captopril Tableta - : Se ae > : 
CONTRAINDICATIONS: GAPOTEN is contraindicated in patients who are hypersensitive to this product or any 
other angiotensin-converting enzyme inhibiter (e.g.,.a patient who has experienced angioedema duting therapy 
with any other ACE inhibitor}. 

WARNINGS: Angioedeia-Angiosdama invelving the extremities, face, lips, mucous membranes, tongue, glot 
tis or larynx has been seen in patients treated: with ACE inhibitors, including captopril, if angioedema involves the 
tongue, glottis or larynx, airway obstruction may occur and be fatal. Emergency therapy, including but not nec- 
essarily limited to, subcutaneous administration of a 1:1000 solution of epinephrine should be promptly instituted. 


Neutroperila/Agranulocytosig-Newiropaniai’< 1000/mm"} with myeloid hypoplasia has resulted from use of cap- 
topril, About half of the neutropenic patients seveloped.systemic or oral cavity infections or other features of the 
syadrorme of agranulocytosis. The risk of nextropenia is dependent on the Clinical status of the patient: 


in clinical trals in-patients with hypertension who have normal renal function (serum creatinine tess than 1.6 
mg/dl and no collagen vascular disease), sautropenia has been seen in one patient out of over 8,600 exposed. 
in-patients with some degree of renal fallire (serum creatinine at least 1.6 mg/dL} but no collagen vascular 
disease, the risk in clinical trials was abou! 1 per 500. Doses wera relatively high in these patients, particularly 
ip view of their. diminished renal function. i patients with collagen vascular diseases (e.g, systemic lupus ery- 
.__ thematésus, scleroderma) and impaired renal function, neutropenia occurred in 3.7% of patients in clinical tri- 
‘als.. While none of the over 750 patients in formal clinical trials of heart failure developed neutropenia, it has 
occurred during the subsequent clinical experience. Of reported cases, about half had serum creatinine z 1.6 
mg/dL and more than 75% received procainamide. in heart failure, it appears that the same risk factors for neu- 
tropenia are present. 


Neutropenia has appeared usually within 3 months after starting therapy, associated with myeloid hypopiasia and 
frequently accompanied by erythroid hypopigsia and decreased numbers of megakaryocytes (e.g., hypoplastic 
bone marrow and pancytopenia); anemia ans thrombocytopenia were sometimes seen. Neutrophils generally re 
tumed to normal in about 2 weeks after captopril was discontinued, and serious infections were limited to clint 
cally complex patients. About 13% of the casas of neutropenia have ended fatally, but almost ail fatalities were in 
patients with serious iliness, having collager vascular disease, renal failure, heart failure or immunosuppressant 
therapy, or a combination of these complicating factors. Evaluation of the hypertensive or heart failure patient 
should always include assessment of rene! function. If captopril is used in patients with impaired renal func- 
tion, white blood cell and differential counts chould be evaluated prior to starting treatment and at approximately 
2-week intervals for'about 3 months, then periodically. in patients with collagen vascular disease or who are ex- 
posed to other drugs known to affect the white cells or immune response, particularly when there is impaired 
renal function, captopril should be used. only after an assessment of benefit and risk, and then with caution, All 
patients treated with captopril should be told to report any signs of infection (@.9., sore throat, fever). If infection 
is suspected, perform white cell courts withaat delay, Since discontinuation of captopril. and other drugs has gen- 
erally ted to prompt return of the white count to normal, upon confirmation of neutropenia (neutrophil count 
<1000/mim') withdraw captopri! and closely ‘allow the patients course. 


Proteinuria: Total urinary proteins >1 g per day were seen in about 0.7% of patients on captopril. About 90% of 
affected patients had evidence of prior remal disease or received high doses (>150 mg/day), or both. The 
nephratic syndrome occurred in about one-‘fth of proteinuric patients. In most cases, proteinuria subsided or 
cleared within 6 months whether or not captopril was continued. The BUN and creatinine were seldom altered in 
proteinuric patients. Since most cases of proteinuria occurred by the 8th month of therapy with captopril, patients 
with prior renal disease or those receiving captopril at doses > 150 mg per day, should have urinary protein es- 
timates {dip-stick on 1st morning urine) before therapy, and periodically thereafter. 


Hypotension: Excessive hypotensian was rarely seen in hypertensive patients but is a possible consequence of 
captopril use in salt/volume depleted persons (such as those treated vigorously with diuretics), patients with heart 
faliure or those patients undergoing renal dialysis, (See PRECAUTIONS [Drug Interactions].) In heart failure, where 
the blood pressure was either normal or low, transient decreases in mean blood pressure >20% were recorded 
in about half of the patients. This transient hypotension is more likely to occur after any of the first several doses 
ands usually well tolerated, although rarely |! has been associated with arrhythmia or conduction detects. A start- 
ing dose of 6.25 or 12.5 mg tid may minimize the hypotensive effect. Patients should be followed closely for the 
first 2 weeks of treatment and wherever the:dose of bates and/or diuretic is increased. 

BECAUSE OF THE POTENTIAL FALL IN BLOOD PRESSURE IN THESE PATIENTS, THERAPY SHOULD 
BE STARTED UNDER VERY CLOSE MEDICAL SUPERVISION. 


Fetal/Neonatal Morbidity and Mortality: ACE inhibitors, including CAPOTEN, can cause fetal and neonatal 
morbidity and mortality when administered to pregnant women. 

Captopril crosses the human placenta. When ACE inhibitors have been used during the second and third 
trimesters of pregnancy, there have been reports of hypotension, renal failure, skull hypoplasia, and/or death in 
the newbom. Oligohydramnios has also been reported, presumably representing decreased renal function in the 
fetus; limb contractures, craniofacial deformities, hypoplastic lung development, and intrauterine growth retar- 
dation have been reported in association with oligohydramnios, Patients who do require ACE inhibitors during 
the second and third trimester of pregnancy should be apprised of the potential hazards to the fetus, and fre- 
quent ultrasound examinations shouid be perlormed to look for oligohydramnios. If oligohydramnios is observed, 
CAPOTEN should be discontinued unless its considered life-saving to the mother 

Other potential risks to the fetus/neonatesexposed to ACE inhibitors include: prematurity, patent ductus arte- 
riosus; fetal death has also been reported. fi is not clear, however, whether these reported events are related to 
ACE inhibition or the underlying maternal disease. It is not known whether exposure limited to the first trimester 
can adversely affect fetal outcome. 

Infants exposed is utero to ACE inhibitors should be closely observed for hypotension, oliguria, and hyper- 
kalemia. if oliguria occurs, attention shouldibe directed toward support of blood pressure and renal perfusion. 

While captopril may be removed from the adult circulation by hemodialysis, there is inadequate data concerning 
the effectiveness of hemodialysis for removing it from the circulation of neonates or children. Peritoneal dialysis 
is not effective for removing captopril; there is no information concerning exchange transfusion for removing cap- 
topril from the- general circulation. 

Captopril was embryocidal in rabbits when given in doses about 2 to 70 times (on a mg/kg basis) the maxi 
imum recommended human dose, and low incidences of craniofacial malformations were seen. These effects in 
rabbits were most probably due fo the particularly marked decrease in blood pressure caused by the drug in this 
species. 

Captopril given to pregnant rats at 400 times the recommended human dose continuously during gestation 
and lactation caused a reduction in neonate: survival. 

No'teratogeniceffects (malformations) hawe been observed after large doses of captopril in hamsters and rats. 

1f CAPOTEN is used during pregnancy ordf the patient becomes pregnant while taking CAPOTEN, the patient 
should be apprised of the potential hazard to the fatus. 


PRECAUTIONS: General: impaired Renal Function-Hypertension-Some hypertensive patients with renal disease, 
particularly those with severe renal artery sienosis, have developed increases in BUN and serum creatinine. It 
may be necessary to reduce captopril dosage and/or discontinue diuretic. For some of these patients, normal- 
ization of blood pressure and maintenance af adequate renal perfusion may not be possible. Heart Failure~About 
20% of patients. develop stable elevations of BUN and serum creatinine >20% above normal or baseline upon 
long-term treatment. Less than 5% of patients, generally with severe preexisting renal disease, required discon- 
tinuation due to progressively increasing creatinine. See DOSAGE AND ADMINISTRATION, ADVERSE REACTIONS 
{Altered Laboratory Findings]. Hyperkalemia: Elevations in serum potassium have been observed in some pa- 
flentstreated with ACE inhibitors, including:captooril. When treated with ACE inhibitors, patients at risk for the 
development of hyperkalemia include those wth: renal insufficiency, diabetes mellitus; and those using concomitant 
potassium-sparing diuretics, potassium supslements or potassium-containing salt substitutes, or other drugs as- 
scciated with increases in serum potassium. (See PRECAUTIONS: Drug Interactions; ADVERSE REACTIONS: 
Altered Laboratory Findings.) Valvular Stencsis-A theoretical concern, for risk of decreased coronary perfusion, 
has been noted regarding vasodilator treatment in patients with aortic stenosis due to decreased afterload re 
duction. Surgery/Anesthesie-Hf hypotensiorsoccurs during surgery or anesthesia, and is considered due to the 
effects of captopril, it is correctable by volume expansion, 


Drug interactions: Hypotension-Patients om Diuretic Therapy-Precipitous reduction of blood pressure may oc- 
casionally occur within the ist hour after awministration of the initial captopril dose in patients on diuretics, eS- 
pecially those recently placed on diuretics, and those on severe dietary salt restriction or dialysis. This possibility 
can be minimized by either discontinuing the diuretic or increasing the salt intake about 1 week prior to initiation 
of captopril therapy or by initiating therapy with small doses (6.25 or 12.5 mg). Alternatively, provide medical su- 
pervision for at least 1 hour after the initial dese. 

Agents Having Vasodilator Activity-in hear failure patients, vasadilators should be administered with caution 
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: vfs Cara Renin Release-Cantonri’s effect wil be augmented by antihypertensive agents that cause renin 
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Agents Affecting Sympathetic Activity-The sympathetic nervous system may be especially important in sup- 
porting biood pressure in patients racelvirg captopril alone or witt diuretics. Beta-adranergic blocking drugs add 
some further antihypertensive effect to captopril, but the overall response is teas than additive: Therefore, use 
agents affecting sympathetic activity (e.g., ganglionic blocking agents oradrenergic neuron blocking agents) with 
caution. 

Agents increasing Serum Potassium-Give potassium-sparing diuretics or potassium supplements only for doc- 
umented hypokalemia, and then with caution, since they may lead to a significant increase of serum potassium. 
Use potassium-containinig salt substitutes with caution. 

Inhibitors of Endogenous Prostaglandia Synthasis-indomethacin and other nonsteroidal antiinflammatory “ 
agents may reduce the antihypertensive effect of captopril, especially in low renin hypertension. 

Lithium-increased serum lithium jevels and symptoms of lithium toxicity have been reported in patients receiving 
concomitant lithium and ACE inhibitor therapy. These drugs shouid be coadministered with caution and frequent 
monitoring of serum lithium levels is reccmmended, If a diuretic is also used, it may increase the risk of lithium 
toxicity. 


Drug/Laboratory Test interaction: Captopril may cause a false-positive urine test for acetone. 


Carcinogenesis, Mutagenesis and impairment of Fertility: Two-year studies with doses of 50 to 1350 mg/kg/day 
in mice and rats failed to show any evidence of carcinogenic potential. Studies in rats have revealed no impair- 
ment of fertility. 


Pregnancy: Category D: See WARNINGS, Fetal/Neonatal Morbidity and Mortality. 


Nursing Mothers: Concentrations of captopril in human milk are approximately one percent of those in mater- 
nal blood. Because of the potential for serious adverse reactions in nursing infants froncaptopril, a decision should 
be made whether to discontinue nursing or to discontinue the drug, taking into account the importance of 
CAPOTEN to the mother. (See PRECAUTIONS: Pediatric Use.} 


Pediatric Use: Safety and effectivaness in children have not been established. There is limited experience re- 
ported in the literature with the use of captopril in the pediatric papulation; dosage, on a weight basis, was ger- 
erally reported to be comparable to or less that that used in adults. 

Infants, especially newborns, may be more susceptible to the adverse hemodynamic effects of captopril. 





Excessive, prolonged and unpredictable decreases in blood pressure and associated complications, including + 


oliguria and seizures, have been reported. 
CAPOTEN (captopril) should be used in children only if other measures for controlling blood pressure have 
not been effective. 


ADVERSE REACTIONS: Reported incidences are based on clinical trials involving approximately 7000 patients. 

Renal: About 1 of 100 patients developed proteinuria (see WARNINGS). Renal: insufficiency, renal failure, 
nephrotic syndrome, polyuria, oliguria, and: urinary frequency in { to 2 of 1000 patients. 

Hematologic: Neutropenia/agranulocytosis has occurred (see WARNINGS). Anemia, thrombocytopenia, and 
pancytopenia have been reported. 

Dermatologic: Rash, (usually maculopapular, rarely urticarial), often with pruritus, and sometimes with fever 
and eosinophilia, in about 4 to 7 of 100 patients (depending on enal status and dose), usually during the ist 4 
weeks of therapy. Pruritus, without rash, in about 2 of 100 patients, A reversible associated pemphigoid-like te- 
sion, and photosensitivity, have also been reported. Flushing or pallor in 2 to Sof 1000 patients. 

Cardiovascular: Hypotension may occur, see WARNINGS and PRECAUTIONS [Drug Interactions] for discus- 
sion of hypotension with captoprif'therapy. Tachycardia, chest pain, and palpitations each in about 1 of 100 pa- 
tients, Angina pectoris, myocardial infarction, Raynaud's syndrome, and congestive heart failure each in 2 to 3 
of 1000 patients. 

Dysgeusia: Approximately 2 to 4 (depending on renal status ard dose} of 100 patients developed a diminution 
or loss of taste perception: taste impairment is reversible and usually self-limited even with continued drug use (2 
to 3 months}. 

Angioedema: Angioedema invo'ving the extremities, face, lips. mucous membranes, tongue, glottis or larynx 
has been reported in approximate'y one in 1000 patients. Angioedema involving the upper airways has caused 
fatal airway obstruction. (See WARNINGS.) 

Cough: Cough has been reported in 0.5-2% of patients treated with captopril in ciinical trials, 

The following have been reported in about 0.5 to 2 percent cf patients but did sot appear at increased tre- 
quency compared to placebo or other treatments used in controlied trials: gastric irritation, abdominal pain, nat 


sea, vomiting, diarrhea, anorexia, constipation, aphthous ulcers, peptic ulcer, dizziness, headache, malaise... 


teipe; insomnia, dry mouth, dyspnea, cough, alopecia, paresthesias. 
ther clinical. adverse effects reported since the drug was marketed are listed below by body system. In this 
setting, an incidence or causal relationship cannot be accurately determined. 


General: Asthenia, gynecomastia. 

Cardiovascular: Cardiac arrest, cerebrovascular accident/insutficiency, rhythm disturbances, orthostatic hypo- 
tension, syncope. 

Dermatologic: Bullous pemphigus, erythema multiforme (including Stevens-Johnson syndrome), exfoliative der- 
matitis. 

Gastrointestinal: Pancreatitis, gtossitis. dyspepsia. 

Hematologic: Anemia, including aplastic and hemolytic. 

Hepatobiliary: Jaundice, hepatitis, inchiding rare cases of necrosis, cholestasis. 

Metabolic: Symptomatic hyponatremia. 

Musculoskeletal: Myaigia, myasthenia. 

Nervous/Psychiatric: Ataxia, comfusior, depression, nervousness, somnolence. 

Respiratory: Bronchospasm, eosinophilic pneumonitis, rhinitis. 

Special Senses: Blurred vision. 

Urogenital: Impotence. 


As with other ACE inhibitors, a syndrome has been reported which may include: fever, myalgia, arthralgia, 
interstitial nephritis, vasculitis, rash or cther dermatologic manifestations, eosinophilia and an elevated ESR. 

Fetal/Neonatat Morbidity and Mortality: In infants exposed in utero to ACE inhibitars the following adverse ex- 
periences have been reported: fetal and neonatal death, renal failure, hypoplastic ung development, hypoten- 
sion, hyperkalemia, skull hypoplasia, limo contractures, craniofacial deformities, intrauterine growth retardation, 
prematurity and patent ductus arteriosus (see WARNINGS, Fetal/Neonatal Morbidity and Mortality). 


Altered Laboratory Findings: Serum Electrolytes: Hyperkalemia: small increases in serum potassium, especially 
in patients with renal impairment (see PRECAUTIONS). 

Hyponatremia: particularly in patients receiving a low sodium diet or concomitant diuretics. 

BUN/Serum Creatinine: Transient elevations of BUN or serum creatinine especially in volume or salt depleted 
patients or those with renovascular hypertension may occur, Rapid reduction of fongstanding or markedly ele- 
vated blood pressure can result in decreases in the glomerular filtration rate and, in turn, lead to increases in BUN 
or serum creatinine. 

Hematologic: A positive ANA has been reported. 

Liver Function Tests: Elevations of liver transaminases, alkaline phosphatase, and serum bilirubin have occurred. 


OVERDOSAGE: Primary concern is corrsction of hypotension. Volume expansion with an LV. infusion of normal 
saline is the treatment of choice fer restoration of blood pressure, 

While captopril may be removed from the adult circulation by hemodialysis, there isinadequate data concerning 
the effectiveness of hemodialysis ‘or removing it from the circulation of neonates or children. Peritoneal dialysis 
is not effective for removing captopril; there is no information concerning exchange transfusion for removing cap- 
topril from the general circulation. 


DOSAGE AND ADMINISTRATION: CAPOTEN (captopril) should be taken one hour betore meals. In hyperten- 
sion, CAPOTEN may be dosed bid or tid. Dosage must be individualized; see DOSAGE AND ADMINISTRATION 
section of package insert for detailed information regarding dosage in hypertension and in heart failure. Because 
CAPOTEN (captopril) is excreted primarily by the kidneys, dosage adjustments are recommended for patients 
with impaired renal function. 

Consult package insert before prescribing CAPOTEN (captopril). 


HOW SUPPLIED: Availabie in tabiets of: 12.5 mg in bottles of 100 and 1000; 25 mg in battles of 100 and 1000; 


50 mg in bottles of 100 and 1000: 100 mgin bottles of 100; and in UNIMATIC® unë-dose packs of 100 tablets. ee 


(J3-658W) 





References: 1. Physicians’ Desk Refzrence®, 45th ed, Oradell, NJ, Medical Economics Co Inc, 1991, pp 2141-2143. 
2. Captopril Multicenter Research Group: A placebo-controlled trial of captoprilin refractory chronic congestive 
heart failure. JACC 2:755-763, 1983, 3. The Captopril-Digoxin Multicenter Research Greup: Comparative effects of 
therapy with captopril and digoxinin patients with mild to moderate heart failure. JAMA 259:539-544, 1988. 
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Introducing the 
TENORMIN 
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The free, ongoing support service 
that educates your TENORMIN patients 
and improves compliance. 


C] The TENORMIN Wellspring Service reinforces your 
counseling advice between office visits. 


C] Wellspring offers timely reminders and health-related 
service items to help ensure compliance. 


C] Enrollment is easy, fast, and free. 


Ask your ICI Pharma Representative, or call a Wellspring 
Customer Service Representative at 1-800-937-4027. 


Federal law prohibits participation of Medicaid patients in the Wellspring Service. 


Please see adjacent page for brief summary of prescribing information. 











(atencio) 25, 50, 100 mg tablets 

(FOR FULL PRESCRIBING FORMATION, SEE PACKAGE SEAT. } 

INDICATIONS ANO USAGE: Hypertension: TENGAMIN is icdicatec in the management ot hypertension. It may be used alone orton- 
combantly wihother antinypertensive agents, particularly with a thiazide-type diuretic. 

Angina Pectis Que to Coronary Atherosclerosis: 7ENOBMIN is indicated for the long-term mantagernant of patients with angina pectoris. 

Acute Myocardial Infarction: TENGRMIN is indicated isthe meragement af hemodynamically stable patients with definite or 
Suspitcted acute myocardial infarction to reduce cardigvascular. mortality. Treatment can be initiated as soon as the patient’s clinical 
condition allows. (See COSAGE AND ADMINISTRATION, CONTRAINDICATIONS, and WARNINGS. } In general, there is no basis for 
treating patiente fike those who were exclutied from the I$°S-1 trial (blood pressure jess than 100 mm Hg systolic, heart rate lass than 
5 bpm} or have athar reasons to avoid beta blockade. As noted above, some subgroups (eg, elderly patients with systolic blood 
pressure below't20 mm Ho} seemed less likely 20 benefit. 

2 RONTRAINDICATIONS: TENORMIN is contraindicated in sinus bradycardia, heart block greater than first degree, cardiogenic stock, 
“and avert cardiag failure, (See WARNINGS.) 
WARNINGS: Cardiac Failure: Sympathetic stintulation is necessary in supporting circulatory function in congestive heart faite, and 
ihata otockada carries the potential hazard of tucther depressing myocardial contractility and precipitating more severe failure. in 
“patients whe have congestive heart failure canteoiied by digitalis and/or diuretics, TENORMIN should be administered cautiously. Both 
‘digitalis and atenolol stow AV conduction. 

‘in-patients with acute myocardial infarction, cardiac fadlure which is not promptly and effectively controlled by 80 mg ot 
intravenous furasemide or equivalent therapy is a contraindication to beta-blocker treatment. 

in Patignts Without a History of Cardiac Failure: Continued depression of the myocardium with beta-blacking agents over a period 
affine can, in gomo cases, lead to cardiac failure. At the first sign or symptom af impending cardiac failure, patients should be fully 
digitatized and/or be given a diuretic and the response obsarved closely. If cardiac failure continues despite adequate digitalization and 
diuresis, TENORMIN should be withdrawn, (See DOSAGE AND ADMINISTRATION.) 

i: Patients with coro ‘ary artery disease, who are being treated with TENOAMIN, should be advised 
‘against abrupt discontinuation of therapy. Severe exacertation s: anginaand the occurrence ot myocardial infarction and ventricular arrhythmias 
‘Rave been raperted in angina patients following the abrupt discontinuation af therapy with beta blockers. The last two complications may 
‘occur with or without preceding exacerbation af the angina pectoris, As with other beta blockers, when discontinuation of TENCRMIN is 
Tanned, the patient should be carefully observed and advised to limit physical activity 19 a minimum. If the angina worsens of acuta coronary 
\nguificieroy develops, it is recommended that TENORMIN be promotly teinstituted, at least temporarily. Because coronary artery disease is 
common, and. may be un , È may be prudent not to discontinue TENORMIN therapy abruptly even in patients treated only tor 
» [ Pypertension: (See DOSAGE AND ADMINISTRATION.) 

Bronshospastic Diseases: PATIENTS WITH BRONCHOSPASTIC DISEASE SHOULD. IN GENERAL, NOT RECEIVE BETA BLOCKERS. 
Because of its relative beta, selectivity, however, TENGRMIN may be used with caution in patients with tronchoapastic disease 
who do not respond to, or cannol tolerate, other antihypertensive treatment. Since beta, selectivity is not sbsolute, the lowes! 
possible dose of TEMORMIN should be used with therapy initiated at 50 mg and a bata stimulating agent (dronchoditator) 
hig ‘be made available. if dosage must de increased, dividing the dose shosid be considered in order to achieve lower peak blood 

Anesthesia and Major Surgery: it is not advisable to withdraw deta-adrecoreceptor blocking drugs prior to surgery in the majority 
of patients. Howaver, care should be taken when using anasthetic agents such as those which may depress the myocardium. Vagal 
dominance, # & occurs, may be corrected with atropine (2 mg W). 

Additionally, caution shouid be used when TENORMI injection is administered concomitantly with such agents. 

TENORMIN. ike ather beta blockers, is a compatitive innibitor of beta-receptor agonists and its effects on the heart can be reversed 
by administration of sugh agents: ag, dobutamine or isoproterenol with caution (see section on OVERDOSAGE). 

Diabetes and Hypoglycemia: TENOAMIN should be wsad with caution in diabetic patients if a beta-blocking agent is required, Beta 
‘blockers may mask tachycardia occurring with hypoglycemia, but other manifestations such as dizziness and sweating may not be 
significantly aftected. At recommended doses TENORMIN does not potentiate insulin-induced hypoglycemia and, unlike nonselective 
beta blockers, ses. ot delay recovery of biood glucose te:normal levels. 

Beta-adrenergi¢ blockade may mask cartain clinical signs (eg, tachycardia) of hyperthyrcidism. Patients suspected 

‘cof having thyr disease should be monitored closely whee administering TENORMIN LV. Injection. Abrupt withdrawal of beta blockade 

might precipitate a thyroid storm; therefore, patients suspectad of developing thyrotoxicosis tram whom TENORMIN therapy is to be 

withiirawn shouid be monitored closely. (See DOSAGE AND ADMINISTRATION.) 

PRECAUTIONS: General: Patients already on a beta plockar must be evaluated carefully betore TENORMIN is administered. initiat and 

Subsequent TEMORMIN dosages can be adjusted downwad depending on clinical observations including pulse and blood prassure. 

impaired Rial Function: The drug should be used with caution in patients with impaired renal function. (SEE DOSAGE AND 

ADMINISTRATION.) 

‘Drug Interactions: Catecholamine-depleting drugs (eg, reserpine) may have an additive effect when given with beta-blocking 
agents. Patients treated with TENORMIN plus a catecholamine depletor showid theretore be closely observes for evidence of 
hypotension and/or marked bradycardia which nay produse vertigo, syncope, or postural hypotension, 

Should it be decided to discontinue therapy in patients receiving beta blockers and clonidine concurrently. the beta blocker should 
be discontinued several days before the graduai withdrawal of clonidine, 

Caution should be exercised with TENORMIN 1V Injection when given in close proximity with drugs that may also have a 

» depressant attest on myocardial contractility. On rare occasions, concomitant use of intravenous beta blockers and intravenous 

| veranami has resultes in serious adverse reactions, especially in patients with severe cardiomyopathy, congestive heart failure, or 

recent myocardial intarction, 

Isformationson concurrent usage of atenolot and aspiri is limited. Data fram several studies, ie, TIMIA, (S1S-2, currently do not 
Suggest any circai interaction between aspirin and beta blocaars in the acute myocardial intarction setting, 

White taking beta blockers, patients with a story of amaphylactic reaction to a variety of allergens may have a more severe reaction 
On repeated challenge, either accidental, diagnostic, or therapeutic. Such patients may be unresponsive to the usual doses ot 
apinephrine used to treat the allergic reaction. 

Carcinogenesis, Mutagenesis, Impsiemant at Fertility: Two jong-term (maximum dosing duration of 18 or 24 months) rat studies 
and ane long-term {maximum dosing duration of 18 months) mouse study, each employing dose levels as high as 300 mg/kg/day or 
190 tones the maximum recommended human antihypertensive dose,” did not indicate a carcinogenic potential of atenolol. A third 
(24 month) satstudy, emplaying doses of 500 and 1,500 mg/kg/day (250 and 750 times the maximum recommended human 
antihypertansive dose”) resulted in increased incidences af benign adrenal medullary tumors in males and females, mammary 
fisrcadenomascin females, and anterior pituitary adenomas and thyroid paratollicular cell carcinomas in males. No evidence ot a 
mutagenic potential ot atenolol was uncovered :n the domwnant lethal test (mouse). in vivo cytogenetics test (Chinese hamster) or 
Ames test (5 tuohimurium). 

Fertility of mate or temale rats (evaluated at dose levels as high as 200 mg/kg/day or 100 times the maximum recommenced 
human dose“) was unaffected by atenolol administration. 

Animal Tomcotogy: Chronic studies employing oral atenolol performed in animals have revealed the occurrence of vacuolation of 
‘epithelial cells af Brunner’s-giands in the duodenum ot boin male and female dogs at all tested dose levels of atenolol (starting at 
15 mg/kg/day er 7.5 times the maximum recommended human antihypertensive dose’) and increased incidence of atrial degeneration 
of hearts of maie rats at 300 but not 150 mg atenotoi/kg/dey (150 and 75 times the maximum recommended human antihypertensive 
dose,” respectively). 

Usage in 














Cateyary C: Atenoloi nas been shown to produce a dose-related increase in embryo/teta’ 
feserptions in sats at doses equal to or greater than 50 mg/kg/day or 25 or mare times the maximum recommended human 
antihypertensive dose.” Although similar effects were not seen ir rabbits, the compaund was not evaluated in rabbits at doses above 
25 mg/kg/day of 12.5 times the maximum recommended tuman antihypertensive dese.* There ara no adequate and well-controlled 
Studies in pregnant women. TENORMIN should te used during pregnancy only if the potential benefit justifies the potential risk to the fetus. 

“Based an the maximum dose of 100 mg/day in a 50 kg patient 

Mathers: Atencial is excreted in human breast milk a a ratio of 1.5 to 8:8 when compared to the concentration in plasma. 
Caation should be exercised when TENORMIN is atminisared to a nursing woman. Clinically significant bradycardia has been reported 
in begast ted infants. Premature infants, or intants with impased renal function, may be more likely to develop adverse etfects. 

Pediatric Use: Satety and effectiveness in childran have not been established 
ADVERSE REACTIONS: Most adverse effects have been mild and transient. 

‘The frequency estimates in the following table were derived from controlled studies in hypertensive patients in which adverse 
reactions wermeither volunteered by the patiest (US studies) or elicited. eg, by checklist (foreign studies). The reported frequency of 
elicited adverse effects was higher far both TENORMIN amd placebo-treated patients than when these reactions were volunteared 
Where frequancy of adverse effects of TENORMIN and placebo is similar, causal relationship to TENORMIN is uncertain. 





Volunteered Total - Votunteereg and Elicitec 
(US Studies} (Foreign + US Studies) 
Atenolol Placebo Atenolol Placebo 
{n = 164) {n = 206} {n = 399) in = 407} 
% % % Sb 
CARDIOVASCULAR 
Gradycardia 3 (i 3 0 
Gold Extremities 0 08 12 5 
Fostural Hypotension 2 1 4 5 
Lag Pain a G5 3 1 
CENTRAL NERVOUS SYSTEM NEUROMUSCULAR 
Cizziness 4 1 13 6 
Vertigo 2 05 2 02 
Uight-headuxiness 1 g 3 07 
Tiredness OB Q5 a 13 
Fatigue 3 1 6 5 
tathargy 1 t 3 0? 
Crowsiness 06 g 2 08 
Depression: 08 Os 12 9 
Creaming g 9 3 1 
GASTROINTESTINAL 
Qiarhea 2 g 3 2 
Sausea 4 4 3 1 
RESPIRATORY {see WARNINGS) 
Wheeziness a 3 3 
Dyspnea i § 1 & 4 


seule Myocardial interction: ina series of investigations in the treatment o acute myocardial infarction, bradycardia and 
hypotension occurred more commonly, as expected for asy beta blocker, in aterolo!-treated patients than in control patients. However, 
these usually responded te atropine and/or to withholding further dosage of alenciok The incidence of heart failure was not increased 


oy genoto. inolrapic agents were. inronusrthyusee. — Temara and. other events, oooi rm these investi- 












TENOAMIN (atenoi}25, 80,700 mg tabiati eee 
tions is given in the fallowing table. : 


in study of 477 patients, the following adverse avants were reported during 
ther intravenaus and/or oral atenolol administration: 


During postmarketing perience with TENORMIN, 
thefellowing have been resorted in temporal 
relationshig to the use of tee drug: elevated liver 
enzymes and/or biirebin, impotence, Peyronie's 





ee fal (2A Alone n233) disease, psoriasitorm rasis: reversible alopecia, and 
Bradycardia 43 (18%) ao 0%) Sheambecytopenia, TENORMIN, like other beta 
Hypotension 60 (25%) 34 (18%) blockers, has been associated with the development of 
Bronchospasm 3 (12%) {0.9%} antinuclear antibodies (ANA) and lupus syndrome. 
Heart Failure 46 (19%) 56 (24%) POTENTIAL ADVERSE EFFECTS: In addition, a 
Heart Biock 1 (45%) 10 (6.3%) vašety of adverse affects have been reported with 
BBB + Major Axis Deviation, 16. (6.6%) 28 (12%) otter beta-adrenergic biocking agents, and may 
Supraventricular Tachycardia 28 (115%) 45 {19%} be considered potential adverse effects of 
Atrial Fibrilation: 12 6%) 29 01%) TENORMIN, 
‘Atrial Flutter 4 (1.6%) 7. (3%) Hemotatogic: Agranulacytosis, purpura. i 
Ventricular Tachycardia 39 (16%) B2 (22%) Allergic: Fever, combined with aching and sore i 
ardiac Reinfarction Q (0%) 6 (2.6%) throat, laryngospasm. angrespiratory distress. i 
Total Datdiac Arrests 4 (16%) 16 (6.9%) ‘Central Nervous System: Reversible mental 
Nontatal Cardiac Arrests 4 (4.6%) 12 (5.4%) depression progressing to:catatonia; visual 
Deaths 7 (2.9%) 16 (6.9%) disturbances, hallucinations, an acute reversible 
Cardiegenic Stock t (04%) 4 (1.7%) syndrome- characterized by disorientation of time and 
Development of Ventricular place; short-term memorydoss; emotional lability with 

Septal Defect 0 {0%} 2 (0.9%) slightly clouded sensorium: and, decreased 
Development ut Mitral pemormance on neuropsystometrics. 

Regurgitation @ (0%) 2 (0.9%) Gastrointestinal: Mesenteric arterial thrombosis, 
Renat Failure 1 (0.4%) © (0%) ischemic colitis. 
Pulmonary Emboli 3 (1.2%) G (0%) ‘Other: Erythenatous rash, Raynaud's phenomenon, 





Miscellaneous: There nave been reports of skin 
rashes and/or dry ayes associated with the use of beta- 
advenergic blocking drugs. The reported incidence is 
smal, and in most cases, the symptoms have cleared 
when treatment was withcrawn. Discontinuance ot the 
drug should be considereu if any such reaction is not 


in the subsequent International Study o' intact Survival (1515-1) 
including over 16,000 patients of whom 8,037 ware randomized to receive 
TENORMIN treatment, the dosage of intravangus and subsequent oral 
TENORMIN was either discontinued or reduced for tha following reasons: 


Reasons for Reduced Dosage 


1V Atenolol ral Parti otherwise explicable, Patients should be closely * 
i He oor pee 9 nae i monitored following cessation of therapy. (SEE 
" DOSAGE AND AOMINISTRATION.) 
MypotensionBradycardia 105 (1.9%) 1168 (14.5%) The oculomucacutanesus syndrome associated 
Cardiogenic Shock 4.04%) 35 (44%) with the beta blocker practnio! has not been reported 
Reintarction G (0%) § {06%} with TENGRMIN. Furthermore, a number of patients 
Cardiac Arrest 5 (06%) 28 (34%) who had previously demonstrated established practolo! 
Heart Block (>first degree} = § {06%} 143 (1.7%) reaotions were transferred to TENORMIN therapy with 
Dardiac Failure 1 {01%} 233 (2.9%) suasequeat resolution or suiescence of the reaction. 
“Arrhythmias 3 (04%) 22 (27%) OVERDOSAGE: Overdosage with TENORMIN has been 
Bronchospasm 1 (.01%} S0 (62%) reported with patients surviving acute doses as high as 


“Full dosage was 10 mg and some patients rezeivad iess than 10 mg 5 ç. One death was ceportad in a man who may have 
but more than § mg, taken as much as 10 g acutely, 


The predominant symptoms reported foilewiag TENORMIN overdose are lethargy, disorder ct respiratory drive, wheezing, sinus 
pause, and bradycardia, Additionally, common ettects associated with overdosage: of any beta-adrenergicibiacking agent and which 
might also beexpected in TENORMIN overdose are congestive heart failure, hypotension, bronchospasm: and/or hypoglycemia. 
Treatment of overdose should de directed to ihe ramoval of any unabsorbed drug by induced emesis, gastric lavage, or 
administration of activated charcoal, TENORMIN can be removed from the genera’ circulation by hemodiatysis. Other treatment 
modalities should be employed at the physician's discretion and may include: 
BRADYCARDIA: Atropine intravenously. If there is no response to vagal blockade, give isoproterenol cautiously. In refractory 
cases, a transvenous cardiac pacemaker may be indicated. 
HEART BLOCK (SECOND OR THIRD DEGREE): Isoproterenol or transvenaus cariliac pacemaker 
CARDIAC FAILURE: Digitalize the patient ancsadninister a diuretic. Glucagon has been reported to be usetul. 
HYPOTENSION: Vasopressors such as dopamive or norepinephrine {levarterenol). Monitor blood pressure continously, 
BRONCHOSPASM: A beta, stimulant such asisoproterenal or terbutaline and/or aminophylline. 
HYPOGLYCEMIA: Intravenous glucose, 
vane on the severity of symptoms, management may require intensive support care and facilities torapplying cardiac and 
respiratory support. 
DOSAGE AMO:ADMINISTRATION: Hypertension: The initial dose of TENORMIN is 50 mg given as one tabiat a day either alone or added 
‘to diuretic therapy. The full etfect of this dese will usally be seen within ane to twa weeks. If an optimal response is not achieved, the 5 
dosage should be increased to TENORMIN 100 mg given as one tablet a day. increasing the dosage veyorg 100 mg a day is untikely to ww 
produce any further benefit, 
TENORMIN may be used alone or concomitantly with other antihypertensive agents including thiazidetype diuretics, hydralazine, 
prazosin, and:alpha-mathyidopa. 
Angina Pentoris: The initial dose of TENORNAN is 50 mg given as one tablet a day. If an optimal respanse is not achieved within 
‘one week, the.dosage should be increased ta TENORMIN 100 mg given as one tablet a day. Sorne patients may require a dosage of 
200 mg once 3 day for optimal eftect. 
Twenty-four hour control with once daily dosing is acKieved:by giving doses larger than necessary to achieve an immediate 
maximum effect. The maximum early effect cn sxarcise tolerance occurs with doses of 50 to 100 mg, bu’ at these doses the effect at 
24 hours is attenuated, averaging about 50% t075% of that observed with ance & day oral doses of 200.9. 
Acute Myocardial infarction: In patients with detinite or suspected acute myocasial infarction, treatment with TENORMIN LV. 
injection should be initiated as soon as possible after the patient's arrival in the hospital and after eligibility is established, Such treatment 
should be initiated in a coronary care or sirtilar urit immediately after the patient's hamodynamic condition has stabilized, Treatment 
shouid begin with the intravenous administratiomal 5 ng TENORMIN over § minutes followed by another § mg intravenous injection 10 
minutes later. TENORMIN LV. Injection shoute be administered under carefully controlled conditions includisg monitoring of blood 
pressure, heart rate, and electrocardiogram. Ditubons of TENORMIN LV. injection ir Dextrose injection USF. Sodium Chloride Injection 
USP, or Sodium Chloride and Dextrose injection mær be used. These admixtures are stable for 48 hours if they arenot used i 
ir patients who tolerate the full intravenous cose {10 mg), TENORMIN Tabiets: 50 mg should be initiated 10 minutes atter the fast 
intravenous tose followed by another 50 mg oral dose 12 hours later, Thereafter, TENORMIN can be given orally either 100 mg once 
daily or 50 mg twice a day for a further 6-9 days or until discharge trom the hospital. if bradycardia or hypotension requiring 
treatment or any other untoward effects occur, "ENCRMIN should be discontinued. 
Data from other beta blocker trials suggest that if there is any question concerning the use of IV beta biocker or clinical estimate that 
there is a contraindication, the IV beta blocker may be eliminated and patients fulfitling the satety criteria may be given TENORMIN 
Tablets 50 mgtwice daily or 100 mg once a cay forat least seven days {if the IV dosing is excluded). 
Aithough me demonstration of efficacy af TENORMIN is based entirely on data from tne first seven pustintarction days, data trom 
other beta blocker trials suggest that treatment with beta blockers that are effective-in the postinfarction setting may be continued for 
one to three years H! there are no contraindications, B. 
TENORMIN is an additional treatment to standard coronary care unit therapy. be 
Elderty Patients or Patiems with Renai impairment: TENORMIN is excreted by the Kidneys, consequently dosage should be 
adjusted in cases of severe impairment of renal‘unc'ion. Some reduction in dosage may also be appropnate tor the elderly, since 
decreased kidaey function is a physiologic consequence of aging. Atenolol excretion would be expected in decrease with advancing age. 
No significant accumulation of TENORMIN cocurs until creatinine clearance fals below 35 mi/stin/1.73m?, Accumulation of 
atenolol and arolongation of its half-lite were stedied in subjects with creatinine crearance between 5 anc 105 mL/min, Peak plasma 
levels were significantly increased in subjects with creatinine clearances befow 30 mL/min 
The following maximum oral dosages ere recommended for elderly, renaily-impaired patients and for patients with renal 
impairment due to other causes: 





Creatinine Clearance Atenolol Elimination Hatt-Lite 
{mLimin/1. 73m) fhi Maxirsum Dosage 
15-35 16-27 5Cumg daily 
<15 >27 25mg daily 


Some renaliy-impaired or elderly patients beng treated far hypertension may sequire 3 lower starting Jose of TENORMIN: 25 mg 
given as one tablet a day. If this 25 mg dose is «sed, assessment of efficacy mus’ be made carefully. This should include 
eee of blood pressure just prior to the nex: dose ("trough” blood pressurs} to ensure that the treatment effect is present for 
a fut 24 hours. 

Although « similar dosage reduction may be:considered for elderly and/or renzily-impaired patients being treated for indications 
other than hypertension, data are not avaliable for these patient populations. 

Patients on hemodialysis should be given: 2 mg or 50 mg after each dialysis: this should be done under hospital supervision as 
marked falls 9 blood pressure can occur. 

Cessation of Tharapy in Patients with Angina Pectoris: H withdrawal of TENCRMIN therapy is planned, it should be achieved 
Gradually anc patients should be carefully obsewed and advised to fmit physical activity to a minimum, 

Parentera’ drug products should be inspected visually for particulate matter asd discoloration prior te administration, whenever 
solution and container permit. 

HOW SUPPLIED: TENORMIN Tablets: Tablets of 25 mg atenolol, NOC 0310-0107 fround, Hat, uncoated white tablets with “T” 
debossed on one sideang 107 debossed an the-other side) are supplied in bottlesiof 100 tablets. 

Tablets of50 mg atenolol, NOC 0310-0105. round, flat. uncoated white tablete identified with 101 debessed on one side and 105 w 
debossed on the other side, bisected) are sugptied iv bottles of 100 tablets and 1900-tabiets, ant unit dose packages of 100 tablets. 
These tablets-are distributed by ICI Pharma. 

Tablets of 100 mg atenolol, NOC OF1O-0t0tiround, tat, uncoated white tablets with ICI debossed or one side and 101 debossed 
on the other side) are supplied in botties of 100-tawlets and unk dose packages of 10C tablets, These tablets are distributed by IC! Pharma. 

Store at controlled room opea 15-300C (49-86). Dispense in-wall-clased, light resistant containers. 

TENORMIN 1.4, injection: TENORMIN 1V: Inaction, NDC 0310-0108, is supplied as S'mg atencial in 10 mL ampules of isotonic 


aes bolt eae ea f š 
‘rotect fram fight. ‘ampules in outer packaging until time of use. Stare at- room temperature. 
REV WOT ICI Pharma 
A business unit ot IG] Americas inc. 
FSA-1239 © 1992 ICI AMERICAS (NC. 
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Improved Stenosis Geometry by Quantitative 
Coronary Arteriography After Vigorous Risk 
Factor Modification 


K. Lance Gould, MD, Dean Ornish, MD, Richard Kirkeeide, PhD, Shirley Brown, MD, 
Yvonne Stuart, Martin Buchi, MD, James Billings, PhD, William Armstrong, MD, 
Thomas Ports, MD, and Larry Scherwitz, PhD 





‘This study is a randomized, controlled, blinded, 
arteriographic trial to determine the effects of a 
low-cholesterol, low-fat, vegetarian diet, stress 
management and moderate aerobic exercise on 
geometric dimensions, shape and fluid dynamic 
characteristics of coronary artery stenoses in hu- 
mans. Complex changes of different primary ste- 
nosis dimensions in opposite directions or to dif- 
ferent degrees cause stenosis shape change with 
profound effects on fluid dynamic severity, not ac- 
counted for by simple percent narrowing. Accord- 
ingly, all stenosis dimensions were analyzed, in- 
cluding proximal, minimal, distal diameter, inte- 
grated length, exit angles and exit effects, 
determining stenosis shape and a single integrat- 
ed measure of stenosis severity, stenosis flow re- 
serve reflecting functional severity. In the control 
group, complex shape change and a stenosis -— 
molding characteristic of statistically significant 
progressing severity occurred with worsening of 
stenosis flow reserve. In the treated group, com- 
plex shape change and stenosis molding charac- 
teristic of significant regressing severity was ob- 
served with improved stenosis flow reserve, there- 
by documenting the multidimensional 
characteristics of regressing coronary artery dis- 
ease in humans. 

(Am J Cardiol 1992:;69:845-853) 
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trolled, blinded, arteriographic trial to test the 

hypothesis that (1) vigorous modification of risk 
factors stops progression or causes regression of coro- 
nary artery stenosis, and (2) stenosis shape changes or 
undergoes remolding with progression or regression of 
coronary atherosclerosis in humans to the extent that no 
single dimension reflects the essential changes observed. 

The initial report of this trial! describes the experi- 
mental design, risk factor intervention and changes in 
percent diameter stenosis because percent diameter ste- 
nosis is the most widely used measure of stenosis sever- 
ity. However, percent stenosis is an incomplete measure 
of stenosis severity because length, absolute lumen area 
and shape effects are not accounted for and correlate 
poorly with the functional measure of coronary artery 
stenoses, coronary flow reserve.?-!0 The cumulative ef- 
fects of multidimensional geometric changes on fluid 
dynamic characteristics of stenoses suggest that simple 
concepts of progression/regression need to be redefined 
in terms of shape changes or remolding of stenoses. 
Therefore, to definitively address whether progression 
or regression occurs in humans with risk factor modifi- 
cation, we performed multidimensional analysis of arte- 
riographic stenoses to determine stenosis flow reserve as 
a single functional measure of severity incorporating all 
geometric dimensions of each stenosis. 

Background: Seven previous coronary arteriographic 
trials of cholesterol lowering by diet and drugs have 
been reported.!'!? Kuo et al!! and the Leiden Interven- 
tion Trial!? suggested that progression of stenoses was 
prevented by a cholesterol-lowering diet and drugs but 
these studies lacked untreated control subjects. Nash!’ 
and Nikkila'¢ and their co-workers showed prevention 
of progression by cholesterol-lowering drugs compared 
with untreated control subjects. who were not random- 
ized. In a randomized controlled trial of clofibrate, 
Cohn et al!> showed equal progression of disease in 63 
and 69% of treated and control groups without regres- 
sion. 

The National Heart, Lung, and Blood’ Institute 
Type II Coronary Intervention Study!* was a random- 
ized, controlled trial of diet and cholestyramine showing 
less arteriographic progression (32%) in the treated 


Te Lifestyle Heart Trial! is a randomized, con- 
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“gros compared with a progression of 49% in the con- 
trol group, a significant difference. However, no regres- 
sion was observed, and 32% of the treated group still 
` showed progression of disease. The Cholesterol Lower- 
ing Atherosclerosis Study trial!’ was a randomized con- 
trolled arteriographic trial of diet, colestipol and niacin 
showing regression in 16% of treated patients compared 
with 2% regression in control groups. Appearance of 
new lesions was prevented and global severity scores 
were significantly less in the treated group compared 
with control subjects, However, in the treated group 
39% still showed progression of disease. Ornish et al! 
demonstrated cessation of progression or regression of 
coronary artery stenoses in a large proportion of sub- 
jects on a strict low-fat vegetarian diet but not in control 
subjects on a standard American Heart Association 
diet.’ Brown et al!ë demonstrated significant regression 
in subjects with familial hypercholesterolemia treated 
by double drug therapy for reducing serum cholesterol. 


METHODS 

Automated quantitative arteriographic analysis was 
used in this study because (1) complex shape changes 
of stenosis are accounted for with incorporation of all 
dimensions of length, percent narrowing, absolute lu- 
men area and shape effects; (2) visual interpretations of 
arteriograms are marked by such great interobserver 
and intraobserver variation that comparisons of arterio- 
grams from different subjects or the same subject. at 
different times have limited quantitative accuracy for 
assessing severity or changes in severity of stenoses?"!9; 
(3) the reproducibility of automated quantitative coro- 
nary arteriographic analysis of primary dimensions in 
vivo is + 3 to + 5% in absolute dimensions, with a pre- 
cision in phantoms of + 0.1 mm?4-7:!9-2! so that small 
changes in stenosis geometry could be reliably measured 
in control and treated groups; and (4) no previous study 
has used automated quantitative coronary arteriography 
or measured all stenosis dimensions in order to define 
the total geometric changes occurring with regression or 
progression. 

Study patients: Patients were men or women, 35 to 
70 years old, who had documented coronary artery dis- 
ease by arteriography, had no recent myocardial infarc- 
tion or were not taking lipid-lowering drugs, had left 
ventricular ejection fraction >25%, and resided in the 
San Francisco area to participate in the risk modifica- 
tion program. After all groups gave informed consent 
and were randomized initial and follow-up, coronary ar- 
teriography was performed using the standard percuta- 
neous femoral approach as previously described.! 
-Modification of risk factors was achieved by the Pre- 
ventive Medicine Research Institute in San Francisco as 
previously described! and summarized here. It consisted 
of a low-cholesteral (<5 mg/day), low-fat (<10% of 
calories} vegetarian diet with 15% protein and 75% 
complex carbohydrate augmented with vitamin B-12. 
Patients stopped smoking, practiced stress management, 
and participated in moderate aerobic exercise on a daily 
basis. 
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-Quantitative coronary arteriography: The cardiac 
catheterization laboratories in San Francisco were cali- 


brated for quantitative arteriographic analysis by the: 
University of Texas staff. Meticulous records of the 


view angles, x-ray exposures, image intensifier, x-ray 
tube, patient distances and reference catheter dimen- 
sions were maintained. Follow-up arteriograms . used 
these same characteristics in order to reproduce views 
and exposures as closely as possible on follow-up stud- 
ies. 

Initial and follow-up arteriograms were analyzed si- 
multaneously in pairs by a technician unaware of clini- 
cal data or group assignment using automated border 
recognition and stenosis analysis techniques in order to 
avoid the potential bias, imprecision and uncertainties 
of visual interpretation. Cine arteriographic frames of 
orthogonal views were digitized on a Spatial Data Sys- 
tem, Eyecom II online with a VAX 11/780 for each 
stenosis involving a major artery. Absolute and relative 
stenosis dimensions were measured with a computer 
program providing automatic detection of vessel borders 
(Figure 1). The theory and equations for predicting ste- 
nosis flow reserve from these dimensions have previous- 
ly been described. 25-7.19-21 

The primary stenosis dimensions measured by the 
automated arteriographic program include proximal di- 
ameter and cross-sectional lumen area, minimal diame- 
ter and area, distal diameter and area, the exit angle, 
exit shape effects, and calculated measures of severity 
including percent diameter stenosis, percent area nar- 
rowing, integrated length-area effects and stenosis flow 
reserve. 

Stenosis flow reserve is a measure of severity inte- 
grating all these dimensions into a single number re- 
flecting the capacity for increasing flow through the 
observed geometry for a standardized aortic pressure. It 
is based on the concept of coronary flow reserve pro- 
posed 17 years ago by Gould et al? that has evolved 
into an accepted measure of functional stenosis sever- 
ity.2-!019-21 Qur arteriographic analysis has been vali- 
dated in 3 separate experimental studies,*”?! applied in 
humans! and used routinely in approximately 4,000 
clinical arteriograms. 

Figure | illustrates the pressure flow relation for a 
stenosis based on all its arteriographic dimensions, 
shown by the downward curving. Stenosis flow reserve 
is defined as the intersection of the downward curved 
line characterizing stenosis severity by stenosis geome- 
try with the experimentally determined upward straight 
line characterizing maximal flow for given pressure in a 
maximally vasodilated coronary artery bed.?” Flow is 
expressed as a relative multiple of rest flow, Q/Qrest 
under standardized hemodynamic conditions of 100 mm 
Hg aortic pressure, and standardized normal maximal 
flow reserve of 5 times baseline. Compared with direct 
measurements by electromagnetic flow meter in experi- 
mental animals, there is a- close correlation between 
arteriographic stenosis flow reserve based on arterio- 
graphic dimensions and directly measured coronary 
flow reserve by flow meter for comparable hemodynam- 
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FIGURE 1. Top, quantitative arteriographic data for each patient showing stenosis dimensions including minimal (Min), proxi- 
mal (Prox) and distal (Dist) absokite lumen diameters, percent diameter stenosis in each view (D;, D2), minimal, proximal and 
distal cross-sectional lumen area and percent area stenosis, volume, length, area-length of the stenosed segment, entrance and 
exit angles, and fluid dynamic coefficients characterizing viscous and expansion losses (Cv, Ce, Kv and Ke) (upper left), Lower 
Jett graphs show diameters in 2 views and cross-sectional lumen area as functions of axial position. The graph on the upper 
_ right shows determination of stenosis coronary flow reserve (CFR). The upward slanting, straight diagonal line representing 
“maximal arteriolar vasodilation in the absence of a stenosis crosses the downward curving pressure-flow relation characteristic. 
_ ofthe stenosis. Stenosis flow reserve in this example is 2.0, determined as the maximal flow relative to resting flow (Q/Qrest) 
for a given stenosis geometry under standardized hemodynamic conditions of 100 mm Hg aortic pressure and normal stenosis 
: flow reserve of 5. Bottom, 2 sequential studies showing regression with improvement in stenosis flow reserve from 1.0 to 2.7. 
< LAO = left anterior oblique; Norm = normal; RAO = right anterior oblique. 
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ic conditions.2”?' ‘The 95% confidence interval for ste 
nosis flow reserve was + 0.66, with a reproducibility of 
primary dimensions of + 3 to + 5%.24713-2 The ad- 
vantages of measuring stenosis flow reserve compared 
with single stenosis dimensions such as percent stenosis 
mentioned before have been discussed in detail else- 
where, 2? 1019-21 

` Our quantitative arteriographic method is similar te 
that of Brown et al,” but was developed independent- 
ly and in parallel using automated border recognition 
rather than visual tracing to determine stenosis dimen- 
sions.2>-7!9-=! Tt also differs by taking into account 
length-dependent exit effects not previously accounted 
for, and determines stenosis flow reserve as a single inte- 
grated measure of stenosis severity taking into account 
all stenosis dimensions. 

Because different stenosis dimensions often change 
in opposite directions, the definitions of progression, re- 
gression and molcing of stenoses are necessary. Figure 2 
illustrates what we have termed simple regression in 
which all primary dimensions of proximal, minimal and 
distal diameters improve, the exit angle becomes small- 
er or more streamlined, percent diameter narrowing de- 
creases and stenosis flow reserve increases. In simple 
progression all of these measurements become worse. 

Figure 3 shows more complex changes in which (top 
panel) proximal and distal diameters worsen (progres- 
sion), the narrowest segment remains unchanged (stabi- 
lization or no progression), while percent diameter less- 
ens and stenosis flow reserve increases reflecting overall 
improvement or diminution in severity (regression). The 
middle panel of Figure 3 shows worsening of distal and 
proximal diameters, enlargement or regression of the 
narrowest segment, lessening of percent diameter steno- 
sis with more improvement in stenosis flow reserve. We 
term this pattern remolding or a shape change of the 
stenosis that leaves a diffusely narrower artery than nor- 
mal but with less segmental narrowing and improved 
flow capacity. Because overall flow capacity or stenosis 
flow reserve is improved, this pattern of remolding is 
characteristic of regression. The lowest panel of Figure 
3 shows narrowing of proximal and distal segments to a 
greater extent than the narrowest segment, thereby 
causing improved, less severe percent diameter stenosis, 
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FIGURE 2. Patterns of changing coronary artery stenoses. 
DIST = distal diameters; % D = percent diameter stenosis; 
EX° = exit angle; MIN = minimum; PROX = proximal; QCA = 
quantitative coronary arteriography showing simple progres- 
sion and regression; SFR = stenosis flow reserve accounting 
for all stenosis dimensions. 
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but stenosis flow reserve. or flow capacity is worse, a 
pattern that is one form of remolding with. progression 
of disease. 

Data, analysis: Individual stenosis. dimensions were 
analyzed as continuous variables from the first to the 
second arteriogram within the treatment, control or 
subgroups with standard 2-tailed, paired z tests compar- 
ing arteriograms at entry to follow-up arteriograms™ 
and with unpaired t tests’* and analysis of variance! for 
comparisons between control and treated or subgroups. 
Because significance and conclusions were the same 
by analysis of variance and by ¢ testing, the latter are 
reported here since they are more familiar to most 
readers. 

In the initial report of this trial using percent steno- 
ses as the primary end point,' between-group compari- 
sons included coronary lesions that progressed to total 
occlusion during the year since such an event is an im- 
portant clinical end point. Because the current report 
focuses on changes in stenosis geometry, those stenoses 
that progressed to occlusion, or occluded arteries that 
opened during the trial in both control and treatment 
groups (a total of 6 of 198 stenoses), were excluded 
from analysis in this report. This exclusion was neces- 
sary because potentially large incremental changes due 
possibly to thrombosis or thrombolysis could bias mean 
values of shape change due to atheromatous alterations 
in other stenoses, Analysis of all data including stenoses 
progressing to occlusion or occluded arteries opening 
during the trial showed greater, more significant differ- 
ences between control and treated groups but was not 
different from the more conservative results excluding 
those instances, as reported later. Of 48 patients en- 
rolled, 7 did not have follow-up angiographic data! and 
1 additional patient was excluded because the only end 
point was a total occlusion that became patent. There- 
fore the data base for this report is 40 patients. 


RESULTS 
In all, 40 patients having 192 stenoses, or 4.8 steno- 
ses per patient, were analyzed, with 18 patients having 
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FIGURE 3. Patterns of changing coronary artery stenoses. 
Complex changes of stenosis dimensions in opposite directions 
with shape change or remolding during progression (PROG) or 
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TABLE I Stenosis Dimension Changes TABLE fl Baseline Severity and Stenosis Dimension Changes | 
PROX MIN EX? DIST q PROX MIN EX* DIST 
imm) (mm) — (deg) (mm) % DS SFR (mm) (mm) (dég.) (mm) % DS SFR | 
H 
Control Subjects (87 stenoses) Mild, Control (74 stenoses) 
pee- n scams s 
QCAL 3.07 1.75 127 2.84 42.7 3.90 QCAl 3.15 1.91 12.2 2.94 38.2 4.26 
QCA2 298 164 140 271 444 3.79 QCA2 3.04 1.78 13.7 2.82 40.8 4.07 
AQCA 2-1 -0.10 -0.12 41.14 -0.14 +1.75 -0.11 AQCA2-1 -O.11 ~0.14 +1.47 -012 +26 -019 
pforA 0.01 0.001 NS 0.000 NS NS pfora 0.015 0.001 NS 0.004 0.015 0.011 
= am F i 
Treated Subjects (105 stenoses) Mild, Treated (88 stenoses) 
L |. 
QCAI 2.86 167 160 267 40.1 3.94 n= 88 
QCA2 2.78 167 16.1 2.55 38.0 4.07 QCA1 2.83 1.81 10.7 2,65 35.0 4,33 
AQCA 2-1 -0.08 +0.007 -0.91 -0.11 ~2.1 +0.13 QCA2 2.76 1.78 10.2 2.55 343 4,32 
pforA 0,02 NS NS 0.001 0.03 0.03 AQCA 2-1 -006 -0.03 -054 -009 -0.7 -0.01 
pforATvs AC NS 0.008 NS NS 0.006 0.01 pforA NS NS NS 0.006 NS NS 
C = control; deg. = degree, % DS = percent diameter stenosis; DIST = distal f Mild = baseline stenosis flow reserve > 3; other abbreviations as in Table } 
diameter just distal to stenosis; EX” = exit angle; MIN = minimal diameter at 
narrowest point; NS = not significant; PROX = proximal diameter just proximal to 
Aad’ QCA = quantitative coronary arteriography; SFR = stenosis flow reserve; T = 
reale: 
b 5 7 TABLE lli Baseline Severity and Stenosis Dimension Changes 
PROX MIN EX? DIST 
(mm) (mm) (deg) (mm) % DS SFR 
87 coronary artery stenoses in the control group and 22 Bin 
À x ; Severe, Control (13 stenoses) 
patients having 105 stenoses in the treated group. The | i | 
mean interval between the first and second arteriogram er ape ne ee are si 1.82 
: é A 2; ; . . 65.1 2.17 
isi 15 + 3 months as either a control or treatment Hoth iLO 00. A00 GB ORO eee Ar 
subject, shes, , pfor A NS NS NS ONS NS NS 
Table I lists the dimension changes in control and } 
treated groups with the statistical significance of each Severe, Treatsd (17 stenoses) 
change. Figure 4 illustrates these changes and the statis- | aca1 3.06 0.96 16.3 2.79 66.5 1.94 
tical significance of the difference in each dimensional | 9CA2 287 114 127 255 57.2 2.79 
change between the control and treated subjects. In | 400421 ~0.19 +0.17 =3.6 -0.24 -9.3 +085 
4 ; SR pforA 0.014 0.002 NS 0.048 0.001 0.000 
both groups, both proximal and distal diameters signifi- 


cantly decreased. The minimal diameter decreased fur- 
ther or progressed in controls but did not progress in the 
treated group. Percent diameter stenosis and stenosis 
flow reserve worsened somewhat in the control subjects, 
although not significantly, improved significantly in the 
treated group, and the changes from the first to the sec- 
ond study between the control and treated groups were 
statistically significant. 

Tables H and HI and Figure 5 show changes in ste- 
nosis dimensions for lesions that were initially mild (ste- 
nosis flow reserve 23) or initially severe (stenosis flow 
reserve <3) at the baseline entry study. For baseline 
mild lesions (Table H) in the control group, proximal, 
minimal, distal diameters, percent diameter stenosis and 
stenosis flow reserve all worsened significantly, reflect- 
ing simple progression of all dimensions. Baseline mild 
lesions in the treatment group remained stable with no 
change in proximal and minimal diameters, percent di- 
ameter stenosis and stenosis: flow reserve, all indicating 
that progression was prevented; distal diameter de- 
creased slightly but had little effect on flow reserve. 
Baseline severe lesions in the control group showed 

cno significant change during the study (Table HD. 
Baseline severe lesions of the treated group showed 
mild, statistically significant, increased narrowing of 
proximal and distal diameters, enlargement of the mini- 
mal diameter, a decrease of —9.3% diameter stenosis 
< units, and improved stenosis flow reserve, all indicating 

Statistically significant improvement. These changes re- 
flect remolding of the stenosis, with regression toward a 
































| Severe = baseline stenosis flow reserve < 3; other abbreviations asin Table. 


diffusely smaller artery than normal, and having less 
segmental narrowing and. improved flow capacity. 
Figure 5 summarizes these changes in which statisti- 
cally significant changes were seen on the second arte- 
riogram compared with those seen at the entry study. 
Figure 6 shows dimensional changes in relation to 
adherence to the risk modification program for all pa- 
tients in the combined control and treated groups classi- 
fied according to severity of baseline stenosis at the ini- 
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FIGURE 4. Comparison of stenosis dimensional changes (ds 
from initial (QCA, solid line) to follow-up (QCA, dashed line) 


-arteriograms between control and treated groups. 


AC = change in the control group; NS = not significant; 
REGRES = ‘regression; AT = change in treated group; + = no 
change; other abbreviations as in Figure 2. 
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tie ‘entry study. For this analys, the combined groups: 

_were divided into subgroups of poor adherence C 
` ence score of SO. 75), good adherence (adherence score. 
of >0.75 but <1.15) and those that excelled in risk 

- factor management (adherence score of >1.15). where 
-adherence measures were derived by dividing indexes 
of prescribed behavioral changes into the measured 
changes as described previously.! 





“ly significant 





groups remained stable without further progression: 
Baseline severe stenoses in the group that excelled in 
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FIGURE 5. Stenosis change related to baseline severity in treated and control groups. Abbreviations as in Figure 2. 
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the program of risk modification for mid baseline 





Bag e mild lesions (enosis s flow reserve 23, Fig: ae 
ure 6A) in the poor adherence group showed statistical- 
progression of all dimensions, whereas _ cs 
groups with good and excellent. adherence showed no 
progression. Baseline severe lesions (stenosis flow re- 
serve <3, Figure 6B) in the poor and good adherence ` 
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TABLE IV. Comparison of Methods, Sample Size, Outcome of Coronary Artery Disease 
Regression Trials 













pValue for End Point Change  % A Total 
No. of End Point mememe Cholesterol 
Study End Points and Methods Subjects (RxvsC) Control Treated (Rx-C) 





End Points or 
























MRFITS2 Cardiac events, 1° prevention 12,866 
Frick33 Cardiac events, 1° prevention 4,081 
CDP34 Cardiac events, 2° prevention 8,341 
Carlson35 — Cardiac events, 2° prevention 555 
CLAS!7  Arteriog. score, visual estim. 162 
FATS18 % DS, visual borders 142 
LHTL2 % DS, automated 42 


Stenosis flow reserve 





3 








NS 1.9% 1.8% 1.5% 
0.02 4,1% 2.7% 8.5% 
NS 26% 23% 10% 
0.01 26% 17% 13% 
0.001 0.5 22% 
0.017 5.9% DS 29% 
0.001 8.4% DS 20% 

0.000 0.5 








(> 80% DS or SFR > 3%). 














Lemire 


For 1° and 2° prevention trials, end point = coronary artery disease events/no. of patients in each group; for arteriography 
end point = difference between controls. (C) and treated group (Rx) in stenosis severity of study ] -study 2 of severe stenoses 


Arteriog. = arteriography; CDP = Coronary Drug Project; % DS = % diameter narrowing of severe stenoses (> 50% or SFR 
> 3%); CLAS = Cholesterol-Lowering Atherosclerosis Study; estim. = estimated, FATS = Familial Atherosclerosis Treatment 
Study; LHT = Lifestyle Heart Trial; MRFIT = Multiple Risk Factor Intervention Trial; SFR = stenosis flow reserve. 











_ adherence to the program showed statistically signifi- 
cant regression of minimal diameter, percent diameter 
stenosis and stenosis flow reserve. Therefore, good ad- 
herence to the’ lifestyle program prevented progression 
of milder stenoses, but more vigorous adherence was re- 
quired for regression of severe coronary artery stenoses. 

If the absolute dimension changes reported here are 
expressed as a percent change from baseline as in previ- 
ous papers, the regression becomes even more apparent. 
For example, for severe baseline. stenoses (stenosis flow 
reserve <3), the minimal diameter increased by a 
change of + 0.17 mm compared with a mean minimal 

. absolute diameter of 0.96 mm at baseline, an approxi- 
mately 18% improvement. In this same group, the per- 
cent diameter stenosis change was —9.3% stenosis diam- 
eter units from a mean baseline severity of 67% diame- 
ter narrowing, or a 14% improvement, with a t value of 

4.05 and p value of 0.001. By comparison in this group, 

stenosis flow reserve improved by a change of + 0.85 

over a baseline stenosis flow reserve at entry of 1.9, or a 

45% improvement in stenosis flow reserve, with a larger 

t value of 5.11 and a p value of <0.0000. Therefore, the 

statistical significance of the changes in this study were 

greater for the integrated measure of severity than for 
the single measure of percent stenosis, although both 
showed significant improvement in the treated group. 

Statistical analysis of stenoses as opposed to patients 
was performed because multiple stenoses in a patient 
showed changes essentially independent of each other as 
previously demonstrated. Statistical analysis weighting 
for the small degree of within-patient-correlation of ste- 
nosis changes as previously described! did not change 
the significance of these results. Analysis was also per- 
‘formed on a per-patient basis by averaging all percent 
-= diameter stenoses for each patient and classifying pa- 
“tients according to threshold diameter stenosis unit 
“changes of: 2+10% for progression, <—10% for regres- 
sion, and <+10% as no significant change, similar to 
Brown et al.'® By this per patient analysis, 40% more of 
treated patients showed regression compared with con- 
_ trol subjects, a statistically significant difference. How- 
ever, we emphasize that this approach does not take 
_ Into account the complex shape changes observed. 
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TABLE V Cholesterol and Coronary Artery Disease Regression 
in Arteriographic Trials 
L. aaaea | 
Percent 
Change TC Arteriog. 
Study Rx--Control (%) Reg. 
Cohn}5 6% 0 
NHLBILE 17% 0 
Nikkilal4 18% 0 
Nash!3 18% o 
CLAS!? 22% 16% 
FATS18 29% 36%* 
LHTL2 20% 41%* 










*Percentages of patients with > 10% diameter stenosis units of regression, | 
Arteriog. = arteriographic; Reg. = regression, Rx-Control = differences between 
treated and control groups; TC = total cholesterol; other abbreviations as in Table IV. 





DISCUSSION 

This. study demonstrates that vigorous modification 
of multiple risk factors stops progression of mild to 
moderate coronary artery stenoses and causes regression 
of severe stenoses, leaving residual milder diffuse nar- 
rowing of the artery with less severe segmental stenoses 
and improved flow reserve. Complex shape changes or 
remolding of coronary stenoses occur with progression 
or regression so that no single anatomic dimension alone 
describes all of the geometric changes seen. 

Significance of changes in stenosis shape: Although 
the number of patients in the study were small com- 
pared with previous reports, mean absolute changes. of 
stenosis dimensions were statistically significant and in- 
ternally consistent from several points of view. There 
was a dose effect of risk factor modification for prevent- 
ing progression of mild stenoses and more stringent risk 
factor modification causing regression of severe steno- 
ses. Severe stenoses showed greater regression. than 
milder ones, reflecting a reasonable theoretical expecta- _ 
tion that removal of a small amount of cholesterol from 
a severe stenosis having a small circumference would 
cause more improvement than the same amount of cho- 
lesterol removed from a mild stenosis having a large 
circumference. Published studies on experimental rever- 
sal report persistence of fibrosed, diffusely narrowed 
coronary arteries having less segmental narrowing in 














treated groups compared with control subjects.2>?* 


There are also different rates of progression/regression 
of different parts of atherosclerotic arteries in oppo- 
“site directions: depending on their histologic maturity 
and.the duration/degree of serum/dietary cholesterol 
changes.2*29 Finally, because coronary blood flow ef- 
fects are a function of arterial radius raised to the 
fourth power, small changes in radius have proportion- 
ately much larger effects on the flow capacity and func- 
tional severity of stenoses, thus contributing to the 
greater significance of stenosis flow reserve as a mea- 
sure of change in severity. 

Comparison with other studies: Table [V compares 
representative primary and secondary intervention trials 
with the recent arteriographic randomized trials. In the 
spectrum of end peint measures, from cardiac events to 
automated quantitative coronary arteriography for ste- 
nosis flow reserve, more quantitative or complete analy- 
sis of stenosis geometry, or both, yielded significant dif- 
ferences in end points with smaller numbers of subjects. 
Thus, the physiologic measure of severity (stenosis flow 
reserve accounting for the integrated total effects of all 
dimensional changes) shows statistical significance be- 
tween treated and control groups with smaller numbers 
of study subjects than for other end points measured 
(Table IV). 

Clinical implications: More stringent or vigorous 
treatment with lipid-lowering regimens!'+!® than con- 
ventionally used*°! appear necessary to achieve signifi- 
cant improvements in stenosis severity of treated versus 
control groups (Table V). The control groups of the 
most recent studies'.!7/8 following approximately the 
standard dietary guidelines of the American Heart As- 
sociation?? and National Cholesterol Education Pro- 
gram?! showed high prevalence of progression. 

Patients with coronary artery disease frequently 
have total cholesterol, and low- and high-density lipo- 
protein cholesterol levels that fall within the normal 
range, as were the average cholesterol levels in the Life- 
style Heart Trial! However, in this study stringent 
dietary fat restriction and reduction of serum cholester- 
ol substantially below “normal” levels were associated 
with the cessation of progression or regression of steno- 
sis by quantitative coronary arteriography. The control 
group with average cholesterol levels within the normal 
range showed progression of coronary artery stenosis. 
Although not clearly defined, there may be a variable 
susceptibility to corenary atherosclerosis for given level 
of risk factor exposure and an important role of dietary 
fat separate from serum cholesterol. Many men with 
risk factors appear resistant to coronary artery disease 
despite risk factors or excess dietary fat, or both, where- 
as others are susceptible to even modest risk factors. In 
patients with coronary artery disease and normal cho- 
lesterol levels, vigorous reduction of dietary fat and re- 
duction in cholestero: levels to substantially below “nor- 
mal” ranges is associated with cessation of progression 
or regression of disease. 
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Prediction by Postexercise Fluoro- 18 
Deoxyplicose Positron Emission Tomography of 
-improvement in Exercise Capacity 
After Revascularization 


Thomas H. Marwick, MBBS, James J. Nemec, MD, Antoine Lafont, MD, 
Ernesto E. Salcedo, MD, and Wiliam J. Macintyre, PhD 





The extent of ischemic and hibernating myocardi- 
um, which may be detected by increased postexer- 
cise uptake of fluoro-18 deoxyglucose (FDG) using 
positron emission tomography, may determine the 
degree of functional benefit after revasculariza- 
tion. This study examined the influence of the 
amount of this FDG-avid myocardium on changes 
in left ventricular function and exercise parame- 
ters after revascularization. Echocardiography 
and exercise testing were performed before and 
after intervention in 23 patients who had under- 
gone positron emission tomography for the evalua- 
tion of myocardial perfusion (using rubidium-82), 
-and postexercise FDG imaging in the fasting state. 
Follow-up echocardiography (22 + 14 weeks after 
revascularization) was compared with preopera- 
tive FDG activity in 7 myocardial regions per pa- 
tient. 

Systolic function improved after intervention in 
19 of 26 malpertused, dysfunctional FDG-avid re- 
gions (73%), and did not improve in 35 of 47 dys- 
functional regions without increased FDG uptake 
(74%). The influence of the amount of FDG-avid 
tissue on changes in functional state was exam- 
ined by comparing 9 patients with multiple (22) 
FDG-avid regions with the remainder. Those with 
multiple FDG-avid regions demonstrated improve- 
ment in peak rate-pressure product (20 + 4 to 26 
+ 4X 103, p <0.02), and percentage of maximal 
heart rate achieved at peak (84 + 10% to 93 + 
6%, p = 0.04), neither of which changed signifi- 
cantly in the remaining patients. Exercise capacity 
increased from 5.6 + 2.7 to 7.5 + 1.7 METS in 
the group with multiple FDG-avid regions; this in- 
crease of 55 + 18% exceeded the increase of 13 
+ 10% in the remainder (p = 0.04). Thus, imaging 
of postexercise FDG uptake in patients with previ- 
ous myocardial infarction may predict improve- 
ment of regional systolic function and exercise pa- 
rameters after revascularization. 

(Am J Cardiol 1992;69:854-859) 
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yocardial revascularization is effective for the 
Mie of angina, and thereby improves exer- 

cise parameters in some patients.'? Likewise, 
in patients after myocardial infarction, recovery of re- 
gional left ventricular function may follow revascular- 
ization? although changes of global ejection frac- 
tion are infrequent. Improvements in either global 
ventricular function or exercise parameters after inter- 
vention probably reflect the number of viable but isch- 
emic segments, which may benefit from a resumption of 
perfusion. Unfortunately, routine investigations have 
failed to identify viable myocardium reliably, which 
may be present in patients with wall motion abnormali- 
ties at rest, “non-reversible” perfusion defects or Q 
waves.™ 5210 The use of positron emission tomography 
(PET) to examine uptake of the exogenous glucose trac- 
er fluoro-18 deoxyglucose (FDG) has demonstrated via- 
ble tissue within areas subtended by Q waves, or show- 
ing perfusion and wall motion abnormalities.!'~!3 In 2 
studies examining postoperative follow-up in a total of 
39 patients, metabolically active tissue was shown to re- 
gain regional function after intervention.'*+!° This study 
was designed to determine whether the combined extent 
of hibernating and transiently ischemic myocardium de- 
tected by FDG imaging could be used to predict the 
occurrence of functional benefits from revasculariza- 
tion. 


METHODS 

Patients: Patients with previous myocardial infarc- 
tion and known coronary anatomy, in whom there was 
clinical uncertainty regarding the presence of ischemic 
or viable myocardium before myocardial revasculariza- 
tion, were eligible for the study. Past myocardial infarc- 
tion was defined by the presence of electrocardiographic 
Q waves, with a wall motion abnormality and perfusion 
defect at rest. Patients with unstable angina pectoris, 
complex arrhythmias, and the usual contraindications to 
stress testing were excluded because of safety consider- 
ations. Subjects with fasting blood glucose levels >150 
mg/100 ml were excluded because of potential difficul- 
ties in obtaining adequate metabolic imaging under 
these circumstances, 

Study chronology: The protocol was performed after 
obtaining informed consent: Patients were studied after 
an overnight fast, and antianginal therapy was withheld 
on the day of the test. Before intervention, regional wall 
motion analysis was assessed using 2-dimensional echo- 
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<- eardiography, myocardial perfusion was evaluated using 

dipyridamole stress rubidium (Rb)-82 PET, and pa- 

< tients underwent symptom-limited maximal exercise, 

with postexercise FDG imaging. Echocardiography and 

< exercise testing were repeated in patients in whom com- 
-plete revascularization was achieved. 


Digitized two-dimensional echocardiography: Stan- 
dard equipment was used to acquire 2-dimensional 
echocardiograms, using parasternal long- and short- 
axis, and apical 4- and 2-chamber views. Images were 
digitized on-line (PreVue, Nova Microsonics, Indianap- 
olis, Indiana), and recorded in a cine-loop format. Im- 
ages before and after revascularization were then dis- 
played side by side in a quad-screen display, to facilitate 
comparison of regional motion in 7 myocardial regions 
(anteroseptal, septal, anterior, lateral, posterior, inferior 
and apical) corresponding to those used for interpreta- 
tion of PET images. Left ventricular ejection fraction 
was calculated using single-plane Simpson’s rule.!® Wall 
motion was scored by 2 experienced echocardiographers 
unaware of the scintigraphic and exercise data, using a 
conventional wall motion score!?; 1 = normal wall mo- 
tion, 2 = hypokinesia, 3 = akinesia, 4 = dyskinesia, 
5 = aneurysm, and 6 = akinesia or dyskinesia with thin- 
ning of the myocardium. Hibernation was defined by 
functional improvement (e.g., dyskinesia to hypokinesia, 
akinesia to normal) within each individual segment. 

Exercise stress testing: Because of the variability in 
exercise tolerence between patients of different ages 
with various degrees of left ventricular impairment, 
maximal treadmill exercise testing was performed using 
a protocol chosen in accordance with each patient’s ex- 
-ercise capacity. Conventional clinical and electrocardio- 
graphic monitoring was used during the test, with the 
usual end points to guide the completion of the proce- 
dure.!8 The presence of >1 mV horizontal or downslop- 
ing ST-segment depression was considered indicative of 
ischemia. The peak heart rate~systolic blood pressure 
product, peak heart rate (expressed as a percentage of 
age-predicted maximal heart rate), and estimated work 
load!’ were recorded for each test. 

Positron emission tomography: Images were ac- 
quired with a Posicam system (Positron Corporation, 
Houston, Texas), in 21 slices of 5 mm thickness using a 
256 X 256 matrix. Fluoroscopic localization of the infe- 
rior cardiac border was used to assist the positioning of 
patients in the PET scanner. A transmission scan was 
performed using a gallium-68-~filled Plexiglas® ring. 
The same attenuation correction data were applied to 
both the perfusion and FDG images, followed by back 
projection (with a Butterworth filter order 5, cutoff 0.4) 
and image processing and display. Images were dis- 
played using a quantitative color scale in tomographic 
views as well as a polar map display. Perfusion and met- 
abolic activity were interpreted in 7 myocardial regions 
to permit comparison of equivalent areas with 2-dimen- 
sional echocardiographic interpretation. 

Myocardial perfusion imaging: The perfusion im- 
ages used in this study followed a previously described 
_ protocol,”° involving a bolus injection of 40 to 60 mCi of 
=- Rb-82 at rest and after a standard intravenous dipyrida- 

-mole-handgrip stress,*! during which patients were con- 












tinuously monitored clinically and electrocardiographi- 
cally. Perfusion imaging was interpreted in accordance 
with criteria established in a previous series of approxi- 
mately 200 patients” into normal, ischemic or infarcted 
tissue. Normal perfusion was defined by Rb-82 activity 
within 20% of the maximum for the study. Ischemia 
was diagnosed if a segment showed a relative reduction 
in activity of >20% in relation to the maximal counts 
after dipyridamole stress. Infarction was identified by a 
fixed perfusion defect (>20% below maximal counts on 
the resting images). 

Myocardial metabolic imaging: Metabolic imaging 
was performed after exercise in the fasting state,?*?3 
without antianginal medications for 24 hours. Patients 
underwent treadmill exercise (as previously described), 
and 5 to 10 mCi of FDG were injected 30 minutes after 
exercise; this delay was selected in light of previous 
data,? to ensure the return of nonischemic tissue to nor- 
mal FDG uptake. PET images were acquired after a 
40-minute delay to allow for achievement of myocardial 
uptake and phosphorylation. By orientation of the pa- 
tient in the scanner using skin markings obtained during 
the initial fluoroscopic localization of the heart, the 
same patient-positioning was obtained for both PET 
studies, Thus, location of the heart in the perfusion im- 
ages could be used to assist with orientation of the FDG 
images if the FDG activity in normal myocardium was 
too low to adequately outline the heart. Equivalent 
myocardial segments were therefore portrayed’ in the 
same location on both Rb-82 and FDG images. 

The same 7 segments used for perfusion. imaging 
were used by 2 blinded observers to estimate regional 
FDG activity. A “reference normal” segment for FDG- 
activity was defined for each patient in the region of 
maximal Rb activity at rest, supplied by a normal coro- 
nary artery and without significant reduction of relative 
Rb activity after dipyridamole stress. Other sites with 
submaximal Rb activity at rest (but still in the normal 
range), without significant alteration after dipyridamole 
stress and supplied by normal coronary arteries, were 
then combined to establish a range of normal FDG up- 
take, measured as a percentage below or above the ref- 
erence level. Thus, in each patient, abnormal metabolic 
activity was defined by FDG activity >2 standard devi- 
ations (230%) above the reference normal segment. 
Metabolic evidence of ischemia was identified by FDG 
avidity in the presence of normal perfusion at rest. 
Within areas of abnormal regional wall motion, viable 
regions were identified by avid FDG uptake despite hy- 
poperfusion at rest, and nonviable myocardium was 
identified by FDG activity less than or equal to- normal, 

Data analysis: Improvement of regional function at 
follow-up echocardiography was used as the “gold stan- 
dard” to evaluate the efficacy of postexercise FDG im- 
aging for predicting myocardial viability. The numbers 
of regions with and without functional recovery were 
related to the presence or absence of increased regional 
FDG uptake to yield predictive values of positive and 
negative test results. In addition, influence of the-isch- 
emic burden on functional improvement was assessed 
by comparison of left ventricular function and exercise 
parameters: before’ and after revascularization in pa- 
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tients with 22 FDG avid regions, and those with 1 or 
no such regions. 


RESULTS 

Patient characteristics: Preoperative evaluation, full 
revascularization, and the appropriate follow-up were 
completed in 23 patients between June 1989 and March 
1991: mean age was 58 + 9 years and 11 were men. All 
had had a previous Q-wave myocardial infarction; pre- 
operative studies were performed 22 weeks (mean 14 + 
40) after this event. Five patients (22%) were in New 
York Heart Association functional class III; 11 (48%) 
were in class II, and the remaining 7 had normal func- 
tional status. Twelve patients had multivessel disease, 
and the mean preoperative ejection fraction was 0.35 + 
0.14. Revascularization was indicated for the control of 
ischemic symptoms (n = 8) or on prognostic grounds; 
12 underwent coronary angioplasty and 11 required by- 
pass surgery. Follew-up echocardiography and exercise 
testing were performed 22 + 14 weeks later. 

Preoperative prediction of myocardial viability: Ab- 
normal regional wall motion was demonstrated in 100 
regions at preoperative echocardiography, including 46 
with hypokinesia and 54 with akinesia or dyskinesia. 
The mean blood flow at rest in hypokinetic segments 





FIGURE 1. Functional improvement in multiple fluoro-18 de- 
oxyglucose (FDG)-avid regions. Polar maps (top) display pre- 
operative perfusion (PRE RB) and metabolic (PRE FDG) im- 
ages, showing a large inferolateral (LAT), inferior (INF) and 
septal (SEP) perfusion defect, corresponding to the site of in- 
creased FDG uptake (note that the normally perfused anterior 
(ANT) wall shows low FDG activity). End-systolic echocardio- 
graphic images in 4- and 2-chamber (Ch) views (bottom) show 
impaired contraction in the septal, lateral and inferior walls 
preoperatively, which recover function postoperatively. 


was 58 + 10% of maximum, compared with 55 + 11% 
in akinetic segments (p= not significant [NS]). To 
avoid inappropriate inclusion of normal regions showing 
mild nonspecific hypokinesia or with abnormal wall mo- 
tion due to peri-infarct tethering, the response of dys- 
functional regions to revascularization was only consid- 
ered when a matching perfusion defect was apparent at 
Rb-82 PET imaging. Of these 73 regions with both re- 
gional dysfunction and malperfusion at rest, only 4 
showed a significant further reduction of perfusion after 
dipyridamole therapy. 

Preoperatively, 19 patients had a total of 30 regions 
with increased regional postexercise FDG activity. Of 
these 30 FDG-avid regions, 4 had normal function and 
perfusion (corresponding to ischemic tissue), whereas 
26 (in 16 patients) were within dysfunctional sites. The 
latter were in the anterior, anteroseptal, septal or apical 
regions. in 14, lateral or posterior regions in 6, and the 
inferior region in 6 segments. Preoperative metabolic 
imaging thus predicted the presence of some viable 
myocardium in 70% of the 23 patients, and in 36% of 
the 73 regions with both perfusion and functional ab- 
normalities after myocardial infarction. Regions with 
increased FDG uptake showed no significant difference 
in Rb-82 activity at rest (60 + 8% of maximum) from 
the remaining regions (55 + 11%, p = NS). Segments 
with Rb activity <50% of maximum were present in 5 
of 26 FDG-avid sites (19%), and in 19 of the remaining 
47 sites (40%, p = NS). 

Regional left ventricular function: Of the 16 patients 
with FDG-avid tissue at preoperative PET, 13 showed 
improved regional function after revascularization (81% 
predictive value of a positive result on a patient basis). 
Conversely, 7 patients lacked increased FDG uptake, 5 
of whom showed no improvement in left ventricular 
function (71% predictive value of a negative result on a 
patient basis). Echocardiographic regional wall motion 
improved in 15 patients, 13 of whom were predicted 
to improve by preoperative FDG imaging (sensitivity 
87%). Failure to improve left ventricular function oc- 
curred in 8 patients, 5 of whom were predicted not 
to improve by preoperative FDG imaging (specificity 
63%). 

Regional contractility improved after revasculariza- 
tion in 19 of the 26 FDG-avid dysfunctional segments 
(73% predictive value of a positive result on a segmental 
basis). Thirty-five of the 47 dysfunctional regions with- 
out increased FDG uptake failed to improve (74% pre- 
dictive value of a negative result on a segmental basis). 
Thus, 31 of the 73 dysfunctional, malperfused regions 
(42%) improved function after operation. This recovery 
was by >2 points (e.g., normalization of preoperative 
akinesia, or dyskinesia improving to hypokinesia) in 9 
regions, 7 (78%) of which were FDG-avid. In myocardi- 
um showing recovery of regional function after revascu- 
larization, the preoperative Rb-82 level at rest was 60 + 
10% of maximum, compared with 55 + 11% in nonvia- 
ble tissue (p = NS). Regional Rb-82 activity <50% at 
rest was present in 8 of the 31 viable segments (19%) 
and in 19 of the 47 nonviable regions (40%, p = NS). 
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TABLE Comparison of Pres and Postoperative Left Ventricular Function and Exercise 


Parameters in Patients with > 2 Fluoro-18 Deoxyglucose Positive Regions to Those with 

















<1 Region 
FDG = 2 Regions (n = 9) FDG <1 Region (n = 15) 
Before After p Value Before After p Value 
WM score (all LV) 21204 3.5404 0.01 20205 192085 NS 
WM score (MI seg.) 2722+204 17206 001 28206 25409 NS 
Ejection fraction 37 +11 4029 NS 38 + 13 38 %13 NS 
Peak HR (% max} 84 + 10 93 +6 0.04 85 + 10 87 + 11 NS 


Peak HR-BP (x 103} 204444 255436 002 2002+50 23.2+3.7 NS 
Exercise capacity (METS) 56+2.7 7521.7 0.08 65428 8242.2 NS 
ST depression > 1 mm 1 0 NS 3 0 NS 





wae 
BP = blood-pressure; FDG = fluaro-18 deoxyglucose;, HR = heart rate; LV = left ventricular, METS = multiples of resting 
oxygen consumption (estimated), MI = myocardial infarction; NS = not significant; seg. = segment; WM = wall motion. 














Global left ventricular function: Multiple (22) [ 
:FDG+ sites were present in 9 of the 19 patients with % predicted max heart rate 
 FDG-avid regions (Figure 1). This group was compared A soo a a ea e 








with the remaining patients (Table I) in order to exam- 
ine the functional benefits of revascularizing a substan- 
tial ischemic burden (approximately 30% of the left sö 
ventricle). Patients with multiple FDG-avid sites had 
significant improvement in both the mean wall motion 70 
score index for the left ventricle (2.1 + 0.4 to 1.5 + 0.4, 
p <0.01) and the mean wall motion score in the dys- 
functional segments (2.7 + 0.4 to 1.7 + 0.6, p <0.01); 50 
these changes were less marked in the remaining pa- FDG?2 regions _ FDG«1 region 
tients (Table I). Ejection fraction in patients with multi- Ore pat Pre “Post 
ple FDG-avid sites increased from 37 + 11 to 40 + 9, 
but this change was not significant; no change was ap- B 5 — a — oe | 
| 
{ 
Í 
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parent in the remaining patients. . ae 
| Functional class: Before intervention, 3 of the 9 pa- as) | 4 
< tents with multiple FDG-avid regions were in New 204 eks sx 
York Heart Association functional class IHI, and 4 were 
in functional class H, compared with 2 and 7 of the ts p*0.02 PNS 
remaining 14 patients, respectively. Postoperatively, 5 of | ce 
the patients with multiple FDG-avid regions improved, | 
and 4 were unchanged. Of the remaining patients, 3 im- i 
proved, 9 were unchanged and 2 deteriorated. 
Exercise parameters: All patients underwent exer- Pre Post Pre "Beat 
cise testing before revascularization; patients with and | Œ METS : 
© without multiple FDG-avid regions did not differ signif- l 
a. icantly with respect to exercise parameters preoperative- 105 
» ly. One of the 9 patients (11%) of the group with multi- | 
ple FDG-avid regions, and 3 of the remaining 15 pa- s a 
tients (20%, p = NS) had their preoperative exercise 
capacity limited by ischemia. 
Postoperatively, all patients were able to exercise in 4 
the group with multiple regions of increased FDG up- | 
take in the preintervention PET study, but in the re- R 
maining group 2 patients were unable to exercise be- ls 
cause of heart failure, and 1 because of musculoskeletal Pre: Post Pre Post 
problems. After revascularization, no exercise tests were 
“> limited by ischemia in either group. Despite their preop- FIGURE 2. Comparison of groups with multiple fluoro-18 de- 
< -erative similarities, exercise parameters improved in pa- Pa a dient and 1A pear raa, with repat 
tients with multiple FDG+ regions, but not in the re- uct (RPP) (B) PAORS ixerdi coach VOL max = mak 
mainder (Figure 2). The percentage of peak-predicted imal; METS = multiples of resting oxygen consumption (esti- 
maximal heart rate increased from 84 + 10 to 93 + 6 mated); NS = not significant. 
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ple FDG-avid segments compared with no significant 
change in the remainder. The peak product of heart 
rate and blood pressure increased from 20.4 + 4.0 x 
10° to 25.5 + 3.6 X 103 (p= 0.02) in the multiple 
FDG-avid group, also with no significant change in the 
remaining patients. There was an increase in estimated 
exercise capacity from 5.6 + 2.7 to 7.5 + 1.7 in patients 
with multiple FDG-avid regions; although this was net 
statistically significant, the latter group demonstrated a 
significantly greater improvement than did the remain- 
ing group (55 + 18% vs 13 + 10%, p = 0.04). 


DISCUSSION 

This study suggests that, in patients who undergo 
revascularization after myocardial infarction, improve- 
ments of ventricular function and exercise capacity may 
be predicted by postexercise PET imaging of FDG up- 
take in the fasting state. 

Methodologic considerations: The population under 
study was selected to include patients in whom the data 
would be clinically pertinent; these subjects did not have 
extensive evidence of ischemia by conventional criteria. 
Similarly, we limited the segmental analysis to regions 
where there was no evidence of viability by conventional 
criteria; postinfarction segments analyzed for the pres- 
ence of viability had both a perfusion and a wall motien 
disturbance. This prevented dilution of the regional 
analysis by normal regions tethered to scars, and avoid- 
ed the inclusion of regions with nonspecific hypokinesia. 
Similarly, regional analysis was based on 7 regions to 
ensure that substantial regions of myocardium were ex- 
amined, as well as to permit comparisons with previous 
studies using similar criteria at nuclear ventriculog- 
raphy. 

This study used imaging of myocardial FDG uptake 
in the fasting, postexercise state, when FDG “hotspots” 
reflect the persistence of increased glucose uptake in 
postischemic tissue, at a time when normal myocardium 
has returned to normal resting perfusion and low glu- 
cose utilization.“4 The low FDG activity of normal myo- 
cardium may lead to some ambiguity in the delineation 
of the myocardial border on the FDG images, but we 
attempted to circumvent this problem by using perfu- 
sion images to guide the orientation of FDG images 
during processing. The fasting FDG protocol permitted 
detection of ischemic as well as hibernating tissue, fa- 
cilitating quantitation of the amount of myocardium 
that might benefit from revascularization. This ap- 
proach contrasts with the usual technique of FDG im- 
aging after the ingestion of a glucose load, which 
enhances FDG uptake of all viable myocardium. The 
glucose loading technique permits hibernating tissue to 
be identified by the presence of a “metabolism-perfu- 
sion mismatch, °*> but does not identify ischemic myo- 
cardium, which may contribute to exercise intolerance. 

Prediction cf myocardial viability: In this study, no 
relation. was apparent between the degree of preinter- 
vention wall metion abnormality, or the severity of mal- 
perfusion, and viability. These data are consistent with 
previous studies: showing conventional indexes of viabili- 
ty?5-13 to be poorly predictive of functional recovery. 


postoperatively {p= 0.04) in the group with multi- 





However, studies using PET with Oxygen-15 water 
have suggested that absolute myocardial perfusion at 
rest may be predictive of myocardial viability.”® The 
failure of Rb-82 activity to reproduce the latter findings 
reflects the use of a more qualitative approach to flow 
with static imaging in this study. 

Metabolic activity has previously been demonstrated 
in areas otherwise believed to be infarcted,*? but only 2 
studies (involving 39 patients) have examined the effect 
of revascularization of such regions on regional left ven- 
tricular function. Tillisch et al'4 examined regional 
FDG uptake after glucose loading, and compared the 
prediction of viability with changes in regional wall mo- 
tion in 7 segments per patient using nuclear and con- 
trast ventriculography. Thirteen of 16 regions with 
FDG activity within hypoperfused, dysfunctional seg- 
ments improved function postoperatively (predictive val- 
ue for a positive test, 81%). Significant improvement in 
ejection fraction was reported in patients with 23 viable 
regions. Conversely, FDG criteria for nonviability pre- 
dicted failure to improve function in 24 of 26 areas (a 
92% predictive value for a negative test). FDG imaging 
in the fasting state was used by Tamaki et al!5 in a 
study of otherwise similar design. Of 23 revascularized 
segments showing preoperative asynergy, 16 improved 
function (predictive value for a positive test, 78%), but 
no changes in global ejection fraction were reported. Of 
23 similar segments without FDG activity, 18 were un- 
changed functionally after revascularization (predictive 
value for a negative test, 78%). 

With respect to changes in regional left ventricular 
function, the results of this study most resemble those of 
Tamaki et al, reflecting the use of fasting imaging for 
both studies. The fasting PET technique is associated 
with the detection of regions, which despite FDG avid- 
ity, fail to improve after revascularization, reducing the 
predictive accuracy of positive test results. Some of 
these “‘false-positives” may reflect regional heterogene- 
ity in the FDG uptake of normal fasting myocardi- 
um.?/8 However, this phenomenon is unlikely to be the 
major factor underlying the false-positive rate because 
such hotspots are generally seen in the posterolateral 
wall, which was not the predominant site of false-posi- 
tive FDG results in this study. Two alternative explana- 
tions may account for the failure of FDG-avid regions 
to improve function, without being truly false-positive. 
First, some patients may not have achieved full revascu- 
larization at the time of follow-up because of restenosis 
after angioplasty or because of bypass graft closure 
(both processes would account for failure to improve re- 
gional function). Second, a small quantity of ischemic 
tissue may produce a positive fasting FDG signal, but 
not be extensive enough to produce an improvement in 
regional function. In contrast, FDG-avid regions using 
glucose-loaded FDG protocols show greater specificity 
with respect to the identification of sufficient viable tis- 
sue to produce an improvement of regional function at 
rest. 

Selection of postinfarction patients for revascular- 
ization: Whereas preoperative PET metabolic imaging 
may predict the probability. of improved regional myo- 
cardial function, the referral of postinfarction patients 
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‘for fosseularization would: be more attractive if func- 
tional improvement could be predicted. This is because 
-the chief prognostic determinants in these patients are. 





-global left ventricular function2? and exercise capac- 
- ity,294! the impairment of which reflects the failure 
of ischemic or hibernating myocardium to contribute 
to contractile reserve. Revascularization of such areas 
would reverse their functional insufficiency, with conse- 
quent benefits on exercise capacity if the quantity of 
hibernating and ischemic tissue were extensive enough. 
The postexercise FDG method used in this study is able 
to assess the amounts of both hibernating and transient- 
ly ischemic tissue, both of which are characterized by 
FDG avidity. The results of this study are consistent 
with this reasoning: revascularization in patients with 
multiple regions of FDG-avidity at postexercise imaging 
in the fasting state is associated with an improvement in 
exercise parameters, including a greater peak exercise 
-heart rate and rate-pressure product, and a greater in- 
crease in exercise capacity. Such improvements oc- 
curred in the absence of significant enhancement of 
global ejection fraction at rest—a pattern consistent 
with previous findings’*—probably reflecting a reduc- 
tion in compensatory hyperkinesia in uninvolved areas 
following the recovery of viable regions. 
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‘Implications of Inferior ST-Segment Elevatie mno 
_ Accompanying Anterior Wall Acute Myocardial 
-Infarction for the Angiographic Morphology of 
the Left Anterior Descending Coronary Artery 
Morphology and Site of Occlusion 


Peter M. Sapin, MD, David R. Musselman, MD, 
Gregory J. Dehmer, MD, and Wayne E. Cascio, MD 


inferior ST-segment elevation during anterior wall 
acute myocardial infarction (AMI) due to left ante- 
rior descending (LAD) coronary artery occlusion is 
unusual and was not previously investigated. This 
study tested the hypothesis that inferior ST-seg- 
ment elevation during anterior AMI predicts a spe- 
cific angiographic. morphology that satisfies 2 nec- 
essary conditions: (1) mass of ischemic anterior 
wall: myocardium is relatively small, resulting in a 
weaker anterior injury current and less reciprocal 
inferior ST-segment depression; and (2) there is 
concomitant inferior wall transmural ischemia that 
further shifts the inferior ST segments upward. 

The study group consisted of 42 consecutive 
patients with anterior AMI undergoing angiogra- 
phy at 4.1 days (range 0 to 14). Coronary angio- 
grams were examined for 3 features: (1) site of 
LAD artery occlusion (a distal obstruction imply- 
ing a smaller mass of ischemic anterior wall myo- 
cardium), (2) LAD artery extension onto inferior 
wall of left ventricle (termed a “wrap around” ves- 
sel), and (3) collateral flow from LAD artery to in- 
ferior wall. The tatter 2 features would be expect- 
ed to contribute to inferior wall transmural isch- 
emia. 

Acute inferior ST-segment elevation (sum of 
ST-segment deviation in leads Il, lll and aVF >3.0 
mm) was seen in 7 patients (16%). A greater num- 
ber of LAD artery branches proximal to the site of 
occlusion was significantly correlated with less in- 
ferior ST-segment depression (r = 0.59, p <0.01). 
The 33 patients with an LAD artery that 
“wrapped around” the cardiac apex to the inferior 
wall had less total inferior ST-segment depression: 
than that of the 9 with a shorter artery (0.2 + 4.0 
vs —3.0 + 2.8 mm; p <0.05). Of the 7 patients 
with inferior ST-segment elevation, 5 had a wrap 
around artery with the culprit lesion distal to 3 
“major branches. This combination of angiographic 
findings occurred in only 2 of the other 35 pa- 
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tients (odds ratio 44, 95% confidence interval 4 to 
632; p <0.001). These results support the hypoth- 
esis that inferior ST-segment elevation during an- 
terior AMI results from a smaller mass of isch- 
emic anterior myocardium combined with simulta- 
neous inferior transmural ischemia (i.e., a distal 
occlusion in a wrap around LAD coronary artery). 
(Am J Cardiol 1992;69:860-865) 


he hallmark of transmural acute myocardial in- 

farction (AMI) is ST-segment elevation on the 

body surface electrocardiogram. This is often 
accompanied by reciprocal ST-segment depression in 
leads oriented opposite to those displaying ST-seg- 
ment elevation.’ Reciprocal ST-segment depression is 
believed to occur because of the orientation of the 2 
groups of electrocardiographic leads to the injury cur- 
rent dipole and may be further influenced by the pres- 
ence of myocardial ischemia in areas. remote from that 
undergoing AMI.? Whereas reciprocal inferior ST-seg- 
ment depression has been extensively studied, little in- 
formation exists concerning the incidence, cause and 
clinical significance of simultaneous anterior and inferi- 
or ST-segment elevation in the setting of anterior AMI 
(termed “anterior-inferior” AMI).>° In one study it 
was shown that when 225% of the inferior wall of the 
left ventricle was supplied by the left anterior descend- 
ing (LAD) coronary artery (either directly or by collat- 
eral flow) there was significantly less acute inferior ST- 
segment depression.’ It was reasoned that this anatomic 
feature caused simultaneous inferior wall transmural 
ischemia, producing an injury current directed toward 
leads I, HI and aVF, which attenuated the reciprocal 
ST-segment depression caused by the anterior wall inju- 
ry current. 

To further explain the cause of the anterior-inferior 
AMI pattern, we propose that a second condition is nec- 
essary in addition to the occurrence of transmural isch- 
emia in part of the inferior wall. This condition is that 
the occlusion of the LAD coronary artery be located in 
the distal vessel. This results in a smaller mass of isch- 
emic anterior wall myocardium that in turn generates a 
weaker anteriorly directed injury current-and less recip- 
rocal ST-segment depression, allowing the inferior ST 
segments to move further upward. It is the combination 
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of these 2 circumstances that permits frank inferior ST- 

segment elevation to become manifest. Therefore, the 

-purpose of this study was to: (1) determine the inci- 

“dence of the anterior-inferior AMI electrocardiographic 
pattern, and (2) test the hypothesis that this distinctive 
electrocardiogram predicts a specific angiographic mor- 
phology-~-distal occlusion of an LAD coronary artery 
that extends around the apex to supply part of the infe- 
rior wall. 


METHODS 

Patient selection: From a review of the cardiac 
catheterization laboratory records at the University of 
North Carolina Hospital between November 1988 and 
November 1990 we identified 70 consecutive patients 
undergoing cardiac catheterization within 14 days of an 
anterior AMI or an episode of prolonged transmural an- 
terior myocardial ischemia. Anterior AMI was defined 
by (1) ischemic chest pain of 22-hour duration, (2) ST- 
‘segment elevation 22 mm (1 mm = 0.1 mv) in 23 of 
leads V>-Vs of a standard 12-lead electrocardiogram, 
and (3) subsequent elevation in the creatine phosphoki- 
nase-MB isoenzyme. Patients (n = 3) meeting the first 
2 criteria, but without subsequent enzyme elevations 
were considered to have had prolonged transmural isch- 
emia without AMI. They were included in the study 
group, because it was thought that their acute elec- 
trocardiograms reflected the same pathophysiology as 
those of subjects who had subsequent enzyme eleva- 
tions. 

All medical records were reviewed to obtain an elec- 
trocardiogram performed within 6 hours of the onset of 
chest pain and within 2 hours of the initiation of throm- 
bolytic therapy or before percutaneous transluminal 
coronary angioplasty. In 20 patients who had been 
transferred from other hospitals, an appropriately timed 
electrocardiogram was not available, and they were ex- 
cluded. Other reasons for exclusion included bundle 
branch block (n = 3), inability to fully visualize the ter- 
minal LAD coronary artery (n = 3), and a non-LAD 
artery infarct (occlusion of diagonal or ramus interme- 
dius branches; n = 2). The remaining 42 patients consti- 
tuted the study group. 

Analysis of electrocardiograms: In patients with >1 
available tracing, the one with the greatest magnitude 
of precordial ST-segment elevation was analyzed. The 
magnitude of ST-segment deviation relative to the TP 
segment in each of the 12 standard leads was measured 
to the nearest 0.5 mm at 80 ms after the J point. Mea- 
surements obtained by 2 independent observers unaware 
of all clinical and angiographic information were aver- 
aged for each lead. Inferior lead ST-segment deviation 
was expressed as the sum of ST-segment deviation in 

-leads HH, IH and aVF, with a positive value representing 
net ST elevation, and a negative one, net ST-segment 
: depression. 

The anterior-inferior AMI pattern was defined as 
: predominantly anterior precordial lead ST-segment ele- 
vation accompanied by summed ST-segment elevation 
in leads II, II] and aVF of 23 mm. This definition was 
chosen because the mean of | mm of ST-segment eleva- 
tion in each inferior lead is consistent with generally 





accepted electrocardiographic criteria signifying inferior 
wall transmural ischemia (Figure 1A). 

Analysis of coronary angiograms: Coronary angio- 
grams were read in a consensus fashion by 2 investiga- 
tors unaware of the electrocardiographic findings. Mul- 
tiple projections of the LAD coronary artery were ex- 
amined for 3 features. First, the LAD artery was 
classified as terminating at the cardiac apex or as ex- 
tending around the apex to supply part of the inferior 
wall. The cardiac apex was defined in the lateral view 
by the point at which the artery assumed a course per- 
pendicular to the midportion of the vessel. A vessel ex- 
tending beyond the apex to an arbitrarily determined 
point on the inferior apex was termed a wrap around 
artery (Figure 1B). This dichotomizing point was as- 
sessed visually, but represents a true distance of approx- 
imately 1.7 cm, determined by comparison with angio- 
graphic catheter diameter in the same frame. In 6 pa- 
tients with totally occluded LAD arteries, this feature 
was assessed by collateral flow to the vessel. Second, 























































































































FIGURE 1. A, electrocardiogram of patient with acute anteri- 
or myocardial infarction showing characteristic precordial lead 
ST-segment changes, as well as inferior lead ST-segment ele- 
vation (“‘anterior—inferior” myocardial infarction). B, lateral 
projection of left anterior descending coronary artery in same 
patient 3 days after infarction. Unlabeled solid arrow indi- 
cates distal subtotal occlusion. Double open arrows indicate 
terminal portion of vessel on inferior wall of left ventricle, in 
this case, angiographic score (see text) is 4. O, = branching 
first diagonal vessel; D2 = second diagonal vessel; S = first 
septal perforating artery. 
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umber of pateni branches of the LAD artery, 
originated proximal to the lesion responsible for 
the infarct, was enumerated, There were 4 important 


ve branches considered: (1) ramus intermedius (if present), 


(2) first large septal perforating vessel, (3) first diagona! 
vessel and (4) second diagonal vessel. The site of the 
infarct-related lesion was determined by the location of 
a total occlusion or by the stenosis with the greatest re- 
duction in luminal diameter by visual estimate. Finally, 
collateral flow from the LAD coronary artery to the 
inferior wall, which originated distal to the culprit le- 
sion, was classified as present or absent. 

Angiographic score: An angiographic scoring sys- 
tem was devised for the purpose of evaluating the 3 an- 
giographic features proposed to cause the anterior-infe- 
rior AMI pattern. The scoring system was designed se 
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FIGURE 2. Derivation of angiographic score. Each of 3 angio- 
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features predicted to cause more inferior ST-segment 


depression, and a higher score with those predicted to 


cause inferior ST-segment elevation. 

MASS OF ISCHEMIC ANTERIOR WALL MYOCARDIUM: It 
was reasoned that if the site of occlusion in the LAD 
artery was located distally there would be more proxi- 
mal branch vessels patent to perfuse the anterior wall, 
and thus a lesser volume of ischemic anterior wall myo- 
cardium. This would generate a smaller anterior wall 
injury current and less reciprocal inferior ST-segment 
depression. Therefore, 1 point was allowed for each im- 
portant branch of the LAD artery proximal to the site 
of occlusion, to a maximum of 3 points. A score assign- 
ing only 12 point per vessel was also tested. 

LEFT ANTERIOR DESCENDING CORONARY ARTERY EX- 
TENDING ONTO THE INFERIOR WALL: Occlusion of a wrap 
around LAD artery could result. in some inferior wall 
transmural ischemia and attenuate the reciprocal ST- 
segment depression expected to result from anterior 
wall transmural ischemia. Therefore, 1 point was given 
for a wrap around LAD coronary artery that supplied 
part of the inferior wall. 

COLLATERAL FLOW FROM THE LEFT ANTERIOR DESCEND- 
ING CORONARY ARTERY TO THE INFERIOR WALL: If the infe- 
rior wall was supplied by collaterals from the LAD cor- 
onary artery, 1 point was given. In this case, an LAD 
coronary artery occlusion would be more likely to pro- 
duce inferior wall transmural ischemia, thereby shifting 
the inferior lead ST segment upward. The scoring sys- 
tem is depicted graphically in Figure 2. 

Statistical analysis: Data are expressed as mean + | 
standard deviation. The relation between continuous 
and noncontinuous variables was assessed by the Spear- 
man rank-order correlation method. Linear regression 
was used to compare 2 continuous. variables, and the 
differences between 2 groups of continuous variables 
were assessed by a 2-tailed Student’s ¢ test. The inde- 
pendent contribution of LAD artery extension to inferi- 
or ST-segment deviation was assessed by converting the 
number of vessels proximal to the site of occlusion to a 
categorical variable and then performing multiple vari- 
able regression. The occurrence of the anterior-inferior 
AMI pattern and its relation to angiographic morpholo- 
gy were evaluated by a chi-square analysis and Fisher 
exact test. A p value <0.05 was considered significant. 


RESULTS 

Patient characteristics: The study group consisted 
of 33 men and 9 women (mean age 57 + 12 years). 
There was history of AMI in 7 patients (inferior, n = 2; 
anterior, n = 1; non-Q-wave, n = 1; and indeterminate, 
n = 3). Patients underwent cardiac catheterization and 
coronary angiography a mean of 4.1 + 3.7 days after 
AML. In all but | patient, the residual stenosis: of the 
lesion thought responsible for the AMI was 250%. This 
patient was included in the study. because the stenosis 
(30%) was the only coronary artery lesion identified.’ 
Mean left ventricular ejection fraction was 0.49 + 0.13 
(range 0.23 to 0.72), with anterior wall segmental dys- 
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| function noted in 33 of 35 patients undergoing left ven- 
a triculography. 

ce inferior’ myocardial infarction: An ante- 

i _rior-inferior AMI pattern was present in 7 of 42 pa- 
„tients (16%), and in these there was a significantly 
: greater incidence of a specific LAD coronary artery an- 


giographic morphology. The combination of an LAD 
artery occlusion located beyond 3 major branches in a 
vessel. that. “wrapped around” the cardiac apex to sup- 
ply part of the inferior wall of the left ventricle, was 
seen in 5 of 7 patients with the electrocardiographic pat- 
tern of anterior-inferior AMI. In contrast, only 2 of 35 
patients without this electrocardiographic pattern had 
both angiographic features (odds ratio 44, 95% con- 
fidence interval 4 to 632; p <0.001). The other 2 pa- 
tients with anterior-inferior AMI electrocardiograms 
had wrap around LAD arteries with 2 patent vessels 
proximal to the occlusion. Patients with and without the 
anterior-inferior AMI electrocardiogram had similar 
values for the sum of ST-segment elevation in leads 
V>-V,, I and aVL (19 + 5 vs 20 + 13 mm). 

Factors influencing inferior ST-segment deviation: 
There was a significant relation (r = 0.58; p <0.01) be- 
tween angiographic score and sum of ST-segment devi- 
ation in leads II, II] and aVF, such that a lower score 
was accompanied by more inferior ST depression, and a 
higher one by inferior ST-segment elevation (Figure 3). 
Similar results (r = 0.52) were obtained when the con- 
tribution to the angiographic score of vessels proximal 
to the occlusion was decreased by 50%. 

Each element of the angiographic score was ana- 
lyzed separately. Inferior ST-segment depression was 

_ significantly less in patients (n = 33) whose LAD coro- 
nary artery extended around the apex to supply part of 
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_ FIGURE 3. Inferior ST-segment changes in relation to angio- 
graphic score in each patient. Ordinate indicates sum of ST- 


segment deviation in leads Il, Ill and aVF, with positive values 


representing net ST-segment elevation, and negative values 
“et ST-segment depression. Relation. persists (r = 0.52, p 

0,001) even when 2 highest and lowest values are excluded 
_ or when each patent proximal vessel contributes Y2 point 
Catar Sian 1 We aramipanngtne seora (r> =0.52) — 





the inferior wall compared with that of those (n = 9) in- 
whom the vessel terminated at or before the cardiac 

apex (0.2 + 4.0 vs —3.0 + 2.8 mm; p <0.05). There 
was a significant correlation (r = 0.59; p <0.01) be- 
tween the number of branch vessels proximal to. the site 
of the LAD coronary artery occlusion and the net infe- 
rior ST-segment deviation (Figure 4). There were only 
5 patients with collateral flow from the LAD coronary 
artery to the inferior wall of the left ventricle. Although 
the mean inferior ST-segment depression was less in 
these patients than in the 37 without such collateral 
flow (~0.2 + 6.7 vs ~0.6 + 3.7 mm), this difference 
was not statistically significant. All results were similar 
when patients with history of AMI were excluded from 
the analysis. 

Because the number of patent vessels proximal to 
the site of the LAD artery occlusion appeared to be a 
powerful predictor of inferior ST-segment deviation, 
multiple regression analysis was performed to determine 
if the anatomic extent of the LAD artery had an inde- 
pendent influence on the inferior ST segment. In this 
analysis, the independent effect of a wrap around 
LAD artery was of borderline statistical significance 
(p = 0.07) when the site of occlusion was taken into ac- 
count. 

Creatine phosphokinase-MB isoenzyme levels: In 
the 38 patients with 21 value above the normal range 
(no measurement was obtained in 1 patient), a greater 
number of perfused LAD artery branches proximal to 
the occlusion was associated with lower peak cre- 
atine phosphokinase-MB isoenzyme levels (r = —0.39; p 
<0.05) (Figure 5). 

There were 9 patients whose LAD coronary artery 
did not wrap around the cardiac apex. In this group, one. | 
would expect only the anterior wall, and not a portion of ` 
the inferior wall, to have ischemia and AMI. These pa- 
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tients displayed a significant positive correlation be- 
tween creatine phosphokinase-MB levels and the mag- 
nitude of inferior ST-segment depression (r = 0.69; p 
<0.05) (Figure 6). 


DISCUSSION 

Prior studies relating to inferior ST-segment eleva 
tion in anterior myocardial infarction: Studies of the oc- 
currence and clinical significance of reciprocal ST-seg- 
ment depression in AMI have supported 2 concepts.” 
First, reciprocal ST-segment depression is often associ- 
ated with more ischemic or damaged myocardium in 
the infarct region, and thus represents a purely electri- 
‘eal phenomenon determined by the presence and mag- 
nitude of the injury current dipole. Second, many pa- 
tients with reciprocal ST-segment depression have criti- 
cal coronary artery stenoses and segmental dysfunction 
in myocardial regions remote from that of the AMI, 
suggesting that “ischemia at a distance” is also an im- 
portant contributor to reciprocal ST-segment depres- 
sion. Subendocardial rather than transmural ischemia is 
assumed to exist in the remote zone, because the former 
would be expected to produce ST-segment depression.® 

In contrast, transmural myocardial ischemia could 
coexist in both the primary infarct zone and remote 
areas. In the case of anterior AMI, concomitant inferior 
transmural ischemia should cause the inferior ST seg- 
ments to shift upward rather than downward. It was 
previously shown that patients with an anterior AMI 
and wrap around LAD coronary artery have less inferi- 
or ST-segment depression,’ and a few apparently had 
inferior ST-segment elevation. There is little additional 
information concerning the anterior-inferior AMI elec- 
trocardiographic pattern. One recent case report de- 
scribed a patient with simultaneous acute anterior and 
inferior ST-segment elevations who had occlusion of an 
LAD coronary artery that supplied one third of the in- 
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FIGURE 5. Peak creatine phosphokinase (CPK)-MB level for 
each patient with abnormal elevation after prolonged chest 
pain in relation to location of left anterior descending artery 
occlusion (abscissa as in Figure 4). 








terior wall Another study described sea patients 
with I-vessel disease involving a wrap around LAD ar- 


tery who displayed both anterior and inferior Q waves. 
Finally, an older autopsy study reported that when ante- 


tior AMI was accompanied by a histologically simulta- 
neous “posterior” AMI, the reciprocal ST-segment de- 


pression “commonly” seen in lead aVF was not found in 
any of 19 cases.® 

Further insight into the “anterior—inferior” infarc- 
tion electrocardiogram: Pathoanatomic reports suggest 
that most patients have a wrap around LAD coronary 
artery,” and in our study, 33 of 42 patients had this 
anatomy. Our study attempts to explain why only 7 of 
the 33 patients demonstrated the anterior-inferior AMI 
electrocardiographic pattern. Patients with an LAD 
coronary artery that was occluded proximally and did 
not extend to the inferior wall had the most inferior ST- 
segment depression, Presumably these patients had a 
larger mass of ischemic anterior wall myocardium and 
were least likely to have inferior wall transmural isch- 
emia. The 7 patients with the anterior~inferior AMI 
electrocardiographic pattern were distinguished by the 
distal location of the LAD coronary artery occlusion 
(beyond 2 major branches in 2 patients, and beyond 3 
branches in the other 5). We postulate that the inferior 
wall injury current must be combined with the weak 
reciprocal of a smaller anterior injury current to gener- 
ate the unusual acute anterior-inferior AMI pattern on 
the 12-lead electrocardiogram. 

An important angiographic feature of the LAD ar- 
tery related to the magnitude and direction of inferior 
ST-segment deviation was the number of branches 
proximal to the occlusion. That this feature is related to 
infarct size is supported by observations in an animal 
model,'° postmortem human hearts'' and patients with 
AMI} The relation of infarct size to the magnitude of 
the anteriorly directed injury current and its reciprocal 
is also seen in experimental data? and clinical stud- 
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ies.!3-20 Simultaneous anterior and inferior ST-segment 
elevation can also be seen in the setting of right coro- 
nary artery occlusion.*! However, in this case, leads V, 
and V, have greater ST-segment elevation than do V3 
and V4, a pattern not seen in any patient in this study. 

Study limitations: Several methodologic consider- 
ations could have affected the results of this study. 
First, angiographic recognition of the lesion responsible 
for AMI can be difficult when angiography is per- 
formed several days after AMI. In some patients there 
can be a rapid, marked decrease in the degree of coro- 
nary narrowing after occlusion and reperfusion, leaving 
a residual stenosis of <50%.’ Second, the use of angiog- 
raphy to estimate the volume of myocardium affected 
by a coronary artery occlusion is not precise, and the 
use of cardiac isoenzyme levels to estimate infarct size is 
hampered by variations in sampling times and thera- 
peutic interventions such as thrombolytic agents, percu- 
taneous transluminal coronary angioplasty and other 
medical therapies. Other methods of assessing infarct 
size may have yielded a better correlation between in- 
farct size and reciprocal ST-segment depression. Third, 
we did not confirm the presence of inferior wall isch- 
emia in patients with a wrap around LAD artery. How- 
ever, an earlier study did show similar coronary anato- 
my to be associated with an inferior wall thallium defect 
in 13 of 15 patients.? Finally, this study does not take 
into account other factors known to influence the mag- 
nitude of ST-segment deviation during coronary oc- 
clusion. These factors include infarct shape and bound- 
ary location, presence of subendocardial as opposed to 
transmural myocardial ischemia, prior tissue infarction, 
local metabolic factors and time course of cellular elec- 
trical uncoupling.’? However, there is no reason to as- 
sume that any of these methodologic considerations bi- 
ased the results of the study. 

Clinical implications: In some situations therapy 
may be influenced by the identification of a lesion in the 
proximal versus the distal LAD coronary artery. Studies 
of patients with stable coronary disease have suggested 
that proximal LAD coronary artery disease may cause 
greater ventricular dysfunction during exercise,” a low- 
er ejection fraction after AMI,’4> and a more adverse 
long-term prognosis*>-*° than may distal disease. Our 
study shows that despite the electrocardiographic ap- 
pearance of more widespread ischemia patients with the 
anterior-inferior AMI pattern frequently had relatively 
distal LAD artery lesions. Although the mean ejection 
fraction in the 7 patients with this electrocardiographic 
pattern was greater than that of the other 35 (0.55 vs 
0.48) and the 16 with the most proximal lesions (0.42), 
the differences were not significant. Because our sample 
size is relatively small, further study is warranted to de- 
termine if this electrocardiographic pattern identifies a 
clinically distinct subset with improved left ventricular 
function after AMI. 
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Influence of Thrombolysis on Signal-Averaged 
Electrocardiogram and Late Arrhythmic Events 
After Acute Myocardial Infarction 
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Franco Maslowsky, MD, Francesco Santoro, MD, and Bruno Cart, MD 


The influence of intravenous thrombolysis on both 
prevalence of ventricular late potentials and inci- 
dence of late arrhythmic events was evaluated in 
174 consecutive patients surviving a first acute 
myocardial infarction; 106 patients (61%) re- 
ceived thrombolysis (group A) and 68 (34%) had 
conventional therapy (group B). In group A, 18 pa- 
tients (17%) had late potentials compared with 23 
(34%) in group B (p <0.05); mean left ventricular 
ejection fraction was not different (0.50 + 0.09 vs 
0.50 + 0.10; p = not significant [NS]). Of 63 pa- 
tients who underwent coronary arteriography be- 
cause of postinfarction ischemia, 28 (44%) had a 
closed infarct-related artery; of these, 11 (39%) 
had late potentials compared with 3 of 35 (9%) 
with a patent artery (p <0.01). Mean left ventricu- 
lar ejection fraction was not significantly different 
between the 2 groups (0.49 + 0.09 vs 0.53 + 
0.09; p = NS). At a mean follow-up of 14+ 8 
months, 8 of 161 patients (5%) had a late arrhyth- 
mic event; 6 of 8 (75%) with and 28 of 153 (18%) 
without events had late potentials (p <0.001). In 
group A, 4 of 99 patients (4%) had events com- 
pared with 4 of 62 (6%) in group B (p = NS, rela- 
tive risk 1.6). Of 24 patients with anterior wall 
AMI and left ventricular dyskinesia, 6 events oc- 
curred. In this group of patients, a higher rate of 
events was observed (25%); 3 of 16 (19%) treated 
with thrombolysis had an event compared with 3 
of 8 (37%) treated conventionally (p = NS, relative 
risk 2.6). Thrombolysis and patency of the infarct- 
related artery significantly reduce the rate of late 
potentials independently of global left ventricular 
function. Although no significant difference was 
found in the follow-up results, the reduced rate of 
late potentials suggests an improved ventricular 
electrical stability both in patients treated with 
thrombolysis and in those with a patent vessel. 
(Am J Cardiol 1992;69:866-872) 


From the Fondazione Clinica del Lavoro, Istituto di Ricovero e Cura a 
Carattere Scientifico, Divisione di Cardiologia, Centro Medico di Tra- 
date, Italy. Manuscript received August 15, 1991; revised manuscript 
received and accepted December 3, 1991. 

Address for reprints: Roberto Pedretti, MD, Fondazione Clinica 
del Lavoro, Istituto di Ricovero e Cura a Carattere Scientifico, Divi- 
sione di Cardiologia, Centro Medico di Tradate, Via Roncaccio 16/18, 
21049, Tradate (VA), Italy. 


dial infarction (AMI) improves survival by reduc- 

ing infarct size and left ventricular dysfunction. ! 
However, thrombolytic therapy decreases mortality also 
in the absence of demonstrable myocardial salvage, and 
patency of the infarct-related coronary artery appears 
to be an important independent predictor of survival.! 
Therefore, the reduction of left ventricular impairment 
is not the only mechanism responsible for improved sur- 
vival in patients treated with thrombolysis; both limita- 
tion of remodeling of the left ventricle and increased 
electrical heart stability could have an important role.! 
The signal-averaged electrocardiogram (SAECG) al- 
lows the noninvasive detection of late potentials at the 
end of or after the QRS complex.” Late potentials rep- 
resent low-amplitude fractionated electrical activity, are 
markers for an “arrhythmogenic substrate” that may 
become the site for re-entry,’ and provide important 
prognostic information in identifying patients at risk of 
arrhythmic events after AMI.*® Controversial data are 
available concerning the influence of fibrinolytic treat- 
ment on the prevalence of ventricular late potentials,?-!5 
and the effect of both thrombolysis and coronary reper- 
fusion on late arrhythmic events after AMI is unknown. 
Furthermore, no data are available concerning a possi- 
ble influence of thrombolysis on the predictive ability of 
the SAECG for post-AMI arrhythmic events.'6 We 
performed a prospective study of unselected patients 
surviving a first AMI to assess: (1) the influence of in- 
travenous thrombolysis on both the rate of late poten- 
tials and ventricular ectopic activity, (2) the influence 
of patency of the infarct-related coronary artery on 
the SAECG, (3) the possible influence of intravenous 
thrombolysis on late potentials as markers of future ma- 
lignant ventricular tachyarrhythmias, (4) and the possi- 
ble influence of fibrinolysis on the occurrence of late 
arrhythmic events after AMI. 


Te early fibrinolytic treatment of acute myocar- 


METHODS 

Patient population: From May 1989 to December 
1990, 174 consecutive patients surviving a first AMI, 
and admitted to our institute for functional evaluation 
and cardiac rehabilitation were enrolled in the present 
study. Of patients included in the study, 106 (61%) re- 
ceived intravenous thrombolytic therapy within 6 hours 
of the onset of symptoms, and 68 (39%) were treated 
conventionally because of late hospitalization or contra- 
indications to fibrinolytic treatment. In the group treat- 
ed with thrombolysis, 58 patients (55%) received strep- 
tokinase (1.5 million U over 30 to 60 minutes), 17 
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(16%) received urokinase (1.5 to 2 million U over 60 

minutes), and 31 (29%) received recombinant tissue- 

type plasminogen activator (100 mg over 180 minutes). 

_ All patients aged >70 years with bundle branch block, 

_ flutter or atrial fibrillation (or both), ventricular paced 

< rhythm, heart failure, unstable angina, balloon angio- 

_ plasty or coronary artery grafting before being admitted 

to our institute, or on amiodarone treatment, and with 

poor quality echocardiograms were excluded from the 

study. Patients (159 men and 15 women) had a mean 

age of 54 + 8 years. AMI was anterior in 76 patients 

(44%), inferior in 98 (56%), and non-Q-wave in 43 

(25%). Ventricular fibrillation during the first 5 days 
after AMI occurred in 21 patients (12%). 

Study design: A maximal exercise test, Holter moni- 
toring and an SAECG were performed with pharmaco- 
logic wash-out in all except 5 patients. In 3 and 2 cases 
exercise testing and Holter monitoring, respectively, 
were pérformed with pharmacologic treatment, owing 

to technical problems. These 5 tests were excluded from 
the analysis of the results. The period of washout from 
digitalis, 8 blockers, calcium antagonists and antiar- 
rhythmic drugs was 25 times the half-life of the drug. 
In all patients, 2-dimensional echocardiography was 
performed on admission to our institute. Antiarrhyth- 
| mic agents were administered to 6 patients after the oc- 
| currence of a late sustained ventricular arrhythmia. 
Antiarrhythmic drugs were administered to 12 subjects 
who were asymptomatic for late sustained ventricular 
arrhythmias. These patients (considered at high risk of 
late arrhythmic events after the noninvasive evaluation 
owing to the presence of 22 of the following criteria: 
~ left ventricular ejection fraction <0.40, ventricular late 
potentials, and Lown 4A-B class ventricular ectopic 
beats) received antiarrhythmic therapy, because sus- 
tained monomorphic ventricular tachycardia was induc- 
ible by programmed electrical stimulation. They were 
excluded from the analysis of the follow-up results, be- 
cause drug therapy may modify the spontaneous occur- 
rence of late arrhythmic,events. The use of 6-adrenergic 
blocking agents was not standardized and was left to the 
discretion of the attending physician. 
Follow-up data of 162 patients were analyzed; 82 
Be (51%) were recalled for assessment of clinical status, 
-# and 80 (49%) had follow-up contact by phone. A “late 
“arrhythmic event” was defined as sudden death or the 
occurrence of symptomatic or sustained ventricular ar- 
rhythmia 5 days after AMI. Sudden death was defined 
as a witnessed, unexpected death occurring within 1 
hour of the onset of symptoms. Sustained ventricular 
arrhythmia was defined as spontaneous ventricular fi- 
brillation or tachycardia lasting >30 seconds or necessi- 
tating cardioversion because of hemodynamic collapse. 
. Signal-averaged electrocardiogram: An SAECG 
< =o was obtained in all patients 26 + 10 days (range 8 to 
49) after AMI using a commercial Fidelity Medical LP 
3000 system. With standard bipolar orthogonal X, Y 
:and Z leads, signals from 175 + 55 beats were ampli- 
< fed, digitized, averaged and then filtered (band-pass fil- 
ter range 40 to 250 Hz) with a Butterworth bidirec- 
tional filter. The signals from each of the 3 leads were 
combined into a vector magnitude composite electro- 











gram obtained by taking the square root of the sum of 
the squares of the readings from the individual leads. A 
computerized algorithm determined the onset and offset 
of the QRS complex and calculated the filtered QRS 
duration, the duration of the terminal low-amplitude 
QRS signals (<40 uV), and the root-mean-square volt- 
age of the last 40 ms of the filtered QRS complex. Mea- 
surement of the duration of the QRS complex was con- 
firmed visually in each case by 2 investigators. Record- 
ings with a noise level >0.5 uV were rejected. The mean 
noise level in the late ST segment was 0.36 + 0.16 aV. 
Recently, for a band-pass filter range of 40 to 250 
Hz, the normal values of an SAECG were defined as 
follows: filtered QRS duration <114 ms, root-mean- 
square voltage 220 uV, and terminal low-amplitude 
signal duration <38 ms.'’ We confirmed similar normal 
values using the Fidelity Medical LP 3000 system. We 
recorded the SAECG with a band-pass filter range of 
40 to 250 Hz in a group of 24 normal subjects (mean 
age 26 + 5 years; group I); mean filtered QRS duration 
was 96 + 11 ms, root-mean-square voltage was 57 + 40 
uV, and terminal low-amplitude signal duration was 30 
+ 5 ms. Measurements from group I were used to cal- 
culate the 95% confidence limits of normal subjects, 
considering SAECG determinants to be in a Gaussian 
distribution. Normal values of duration of both filtered 
QRS (114 ms) and terminal low-amplitude signals 
($38 uV) were defined as mean + 1.645 standard devi- 
ation. The root-mean-square voltage was between 17 
and 20 pV in 4 normal subjects (17%). Of 21 patients 
(mean age 53 + 9 years; group II) randomly selected 
from a group of 180 consecutive patients with previous 
AMI and absence of late sustained or nonsustained ven- 
tricular tachycardia, root-mean-square voltage was <20 
uV in 5 (24%) and <17 uV in 4 (19%), Of 13 consecu- 
tive patients (mean age 57 + 9 years; group III) who 
developed late sustained ventricular tachycardia or fi- 
brillation, or both, root-mean-square voltage was <20 
uV in 9 (69%) and <17 uV in 7 (54%). Even if >5% of 
normal subjects had root-mean-square voltage <20 uV, 
a value of <20 uV was considered abnormal for both 
the sake of uniformity and comparative purposes, be- 
cause most laboratories use this value for defining an 
abnormal value when assessing this variable at 40 Hz. 
Furthermore, 2 of 13 patients (15%) with a late sus- 
tained ventricular arrhythmia had root-mean-square 
voltage between 17 and 20 uV. At least 2 SAECG de- 
terminants were abnormal in 9 of 13 patients (69%) in 
group IIT, in 4 of 21 (19%) in group II, and in no sub- 
ject in group I. Therefore, late potentials were consid- 
ered present if 22 SAECG determinants were abnor- 
mal. In 110 of 174 patients (63%) also, an SAECG with 
a band-pass filter range of 25 to 250 Hz was available. 
According to the criteria of Simson,” using 25 Hz high- 
pass filtering, the normal values of the SAECG were 
defined as follows: filtered QRS duration <120 ms, and 
root-mean-square voltage 225 uV. The abnormality of 
21 of these criteria defined the test as pathologic. 
Holter monitoring: Holter monitoring (recorded 23 - 
+ 9 days after AMI with pharmacologic washout) was 
available in 172 patients: 112 (65%) underwent 48-hour 
Holter monitoring, and 60 (35%) had 24-hour monitor- 
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of low-amplitude signals <40 uV; LP = late potentials; LVEF = left ventricular 
ejection fraction: NS = not significant: QRSD = duration of filtered QRS complex; 
RMS40 = root-mean-square voltage of last 40 ms of filtered QRS complex; VF = 
ventricular fibrillation; VPCs = ventricular premature complexes. 





ing. A 3-channel electrocardiogram (ECG) was ana- 
lyzed with a Marquette Electronics Holter 8000 T anal- 
ysis: system; 4 investigators verified the detection and 
interpretation of ventricular arrhythmias. Lown class 
and the number of premature ventricular complexes 
were assessed. 

Other diagnostic procedures: In all patients, a 2-di- 
mensional echocardiogram using a Ving Med CFM 750 
unit was obtained 21 + 10 days after AMI. Evaluation 
of left ventricular ejection fraction by Simpson’s formu- 
la, and detection of left ventricular dyskinesia were per- 
formed. With pharmacologic washout, a maximal exer- 
cise test according to Bruce’s protocol was performed by 
171 patients on a Marquette Electronics Case 12 tread- 
mill 27 + 10 days after AMI, and the Lown class. of 
ventricular ectopic beats was evaluated. Owing to post- 
AMI myocardial ischemia, coronary arteriography was 
performed in 63 patients (36%) 43 + 22 days after 
AMI. Cardiac catheterization was performed by angi- 
ographers who were not investigators in this study. The 
artery involved in the AMI was identified on the basis 
of the location of the AMI as determined by electrocar- 
diography. The infarct-related artery was considered 
open in the case of partial or complete anterograde per- 
fusion. The complete absence of anterograde perfusion 
defined the artery as occluded... 

‘Statistical analysis: Continuous variables were com- 
pared using Student's unpaired ¢ test, and proporticnal 

















STABLE I Characteristics of Patients With and Without TABLE fl Characteristics of Patients With and Without Late 
Thrombolysis for Acute Myocardial Infarction Potentials 
| : : 4 dJ 
; ~: Thrombolysis No Thrombolysis ; Late Potentials No Late Potertials 
in = 106) (n = 68) p Value (n= 41) in = 133) p Value 
Clinical data Clinical data 
Age (yr) 5329 55+ 8 NS Age (yr) 5628 5348 <0.05 
Men/wornen 100/6 59/9 NS Men/women 36/5 123/10 NS 
VF 0-5 days after AMI 14/106 (13) 7/68 (10) NS VF 0-5 days after AM! 8/41 (19) 13/133 #10) NS 
Anterior AME (%) 44/106 (41) 32/68 (47) NS Anterior AMI (%) 16/41 (39) 60/133 645) NS 
Inferior AMI (%) 62/106 (59) 36/68 (53) NS Inferior AMI (%) 25/41 (61) 73/133 (55) NS 
Non-Q-wave AMI (%) 20/106 (19) 23/68 (34) <0.05 Non-Q-wave AMI (%) 9/41 (22) 34/133 (26) NS 
2-dimensional echocar- 2-dimensional echocar- 
diographic data diographic data 
LVEF 0.50 + 0.09 0.50 + 0.10 NS LVEF 0.45 + 0.11 0.51 + 0.08 <0,001 
Dyskinesia (%) 21/106 (20) 14/68 (21) NS Dyskinesia (%) 12/41 (29) 23/133 (17) NS 
Signal-averaged ECG data Holter monitoring data 
LP(%) 18/106 (17) 23/68 (34) = <0.05 VPCs/hours (n) 8+ 22 8+ 26 NS 
QRSD (ms) 99 + 10 103 #11 <0.05 Lown 1~3 VPCs (%) 23/39 (59) 64/133 148) NS 
RMS40 (nV) 48 + 35 37 x 32 <0.05 Lown 4A VPCs (%) 8/39 (21) 24/133 (18) NS 
LAS40 (ms) 31+ 14 34 £ 11 NS Lown 4B VPCs (%) 8/39 (21) 40/133 130) NS 
Holter monitoring data Exercise test data 
VPCs/hours (n) 7x25 10 + 24 NS No VPCs (%) 24/38 (63) 83/133 (62) NS 
Lown 1-3 VPCs (%) 52/105 (50) 36/67 (54) NS Lown 1--3 VPCs (%) 12/38 (32) 39/133 (29) NS 
Lown 4A VPCs (%) 18/105 (17) 14/67 (21) NS Lown 2 4 VPCs (%) 2/38 (5) 11/133 48) NS 
Lown 4B VPCs (%4 32/105 (30) 16/67 (24) NS Abbrovlations nein table L 
Exercise test cata 
No VPCs (%) 68/106 (64) 39/65 (60) NS 
Lown 1--3 VPCs (%) 32/106 (30) 19/65 (29) NS 
Lown 2 4 VPCs (%) 6/106 (6) 7/65(11) NS differences were compared by chi-square analysis with 
Continuous variables are expressed as mean = 19D. Yates’ correction for continuity. Continuous variables 
AMI = acute myocardial infarction; ECG = electrocardiographic; LAS40 = duration were expressed as mean + l stan d ard d evi ati on. Logis- 


tic regression analysis was performed with late poten- 
tials as the dependent variable, and age, AMI location, 
development of pathologic Q waves, left ventricular 
ejection fraction, and dyskinesia, thrombelytic therapy 
and status (patent or closed) of infarct-related artery as 
independent variables. A p value <0.05 was considered 
statistically significant. The standard definitions for sen- 
sitivity, specificity, and positive and negative predictive 
values were used. 


RESULTS 

Comparison of patients with and without thrombo- 
lytic therapy: Prevalence of both non-Q-wave AMI and 
ventricular late potentials was significantly different be- 
tween the 2 groups of patients. Prevalence of non-Q- 
wave AMI was significantly (p <0.05) lower in the 
group treated with thrombolysis, as well as rate of late 
potentials (p <0.05), using a band-pass filter range of 
40 to 250 Hz (Table I). In the group treated with 
thrombolysis, filtered QRS duration was significantly (p 
<0.05) lower, and terminal root-mean-square voltage 
was significantly (p <0.05) higher than in the control 
group; no significant difference was observed regarding 
duration of terminal low-amplitude signals (Table I). 
Of 58 patients treated with streptokinase, 10 (17%) had 
late potentials compared with 4 of 31 (13%) treated 
with recombinant-tissue plasminogen activator, and 4 of 
17 (23%) treated with urokinase (p= not significant 
[NS]). p 

In 110 patients, an SAECG with both band-pass fil- 
ter ranges of 40 to. 250:and 25 to 250 Hz was available. 
We compared 75 patients (68%) treated with throm- 
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| Abbreviations as in Table i. 


bolysis with 35 (32%) treated conventionally. With a 
band-pass filter range of 40 to 250 Hz, we observed 
significant differences in filtered QRS duration (98 + 
10 vs 105 + 11 ms; p <0.01), terminal root-mean- 
square voltage (53 + 36 vs 32 + 25 uV; p <0.01) and 
duration of terminal low-amplitude QRS signals (29 + 
9 vs 36 + 12 ms; p <0.01). The rate of late potentials 
was significantly lower in the group treated with throm- 
bolysis (10 of 75 [13%] vs 15 of 35 [43%]; p <0.01). 
With a band-pass filter range of 25 to 250 Hz, no sig- 
nificant difference was observed regarding filtered QRS 
duration (105 + 10 vs 104 + 14 ms; p = NS), terminal 
root-mean-square voltage (64 + 47 vs 71 + 48 uV; 
p = NS), duration of terminal low-amplitude QRS sig- 
nals (28 + 12 vs 26 + 9 ms; p = NS) and prevalence of 
SAECG abnormalities (17 of 75 [23%] vs 9 of 35 
[26%]; p = NS). 

Comparison of patients with and without ventricu- 
lar late potentials: Among the variables considered, 
only age and left ventricular ejection fraction were sig- 
nificantly different between the 2 groups of patients: 
mean age was significantly (p <0.05) higher and mean 
= ejection fraction significantly. (p <0.001) lower in the 
group with late potentials (Table H). 

Comparison of patients with and without patency of 

_ the infarct-related coronary artery: Of patients with a 
closed infarct-related artery, the prevalence of late po- 
-~ tentials was significantly (p <0.01) higher than in the 














-| TABLE IM Characteristics of Patients With and Without a TABLE IV Characteristics of Patients With and Without Late 
-Patent Infarct-Related Artery Arrhythmic Events 
Patency of Occlusion of | Arrhythmic No Arrhythrnic F 
the Infarct- the Infarct- Events Events 
Related Artery Related Artery {n = 8) {n = 153) p Value 
(n = 35) {n = 28) p Value ‘ ee 
Clinical data 
Clinical data Age (yr) 5349 54+8 NS 
Age (yr) 49 +8 5248 NS Men/women 8/0 139/14 NS 
Men/women 32/3 27/1 NS VF 0-5 days after AMI 1/8 (12) 18/153 (12) NS 
VF 0-5 days after AMI 5/35 (14) 3/28 (11) NS Anterior AMI (% 7/8 (88) 62/153 (40) <0.05 
Anterior AMI (%) 18/35 (51) 13/28 (46) NS Inferior AMI (%) 1/8 (12) 91/153 (60) «0.05 
nferior AMI (% 17/35 (49) 15/28 (54) NS Non-Q-wave AMI (%) 1/8 (12) 40/153 (26) NS 
Non-Q-wave AMI (%) 14/35 (40) 7/28 (25) NS Thrombolysis (%) 4/8 (50) 95/153 (62) NS 
hrambolysis (%) 23/35 (66) 10/28 (36) <0.05 No thrombolysis (%) 4/8 (50) 58/153 (38) NS 
No thrombolysis (%) 12/35 (34) 18/28 (64) <0.05 2-dimensional echocar- 
2-dimensional echocar- diographic data 
diographic data LVEF 0.35+ 0.06 0.51 + 0.08 <0.001 
LVEF 0.53 + 0.09 0.49 = 0.09 NS Dyskinesia (%) 6/8 (75) 25/153 (16) <0,001 
Dyskinesia (%) 6/35 (17) 7/28 (25) NS Signal-averaged ECG data 
Signal-averaged ECG data LP(%) 6/8 (75) 28/153 < 
o (18 0.001 
LP: (%) 3/35 (9) 11/28 (39) <0.01 QRSD (ms) i+ o 99 + 10 } Zo 0l 
-QRSD (ms) 97 +7 105 + 11 <0.01 RMS40 (uV) 18 +16 46 + 35 <0.05 
RMS40 {jV} 52 + 29 31% 35 <0.05 LAS4O (ms) 42 + 13 31 +13 £0.05 
LAS40 (ms) 2746 36 + 12 <0.001 Halter monitoring data - 7 l 
Ee a at pou i Nė VPCs/hours (n) 16 + 32 8+ 25 NS 
: FA a 5 Lown 1—3 VPCs (%) 1/6 (17) 87/153 (57) NS 
Lown 1-3 VPCs (%) 15/35 (43) 15/28 (54) NS Lown 4A VPCs (%) 0/6 (0) 31/153 (20) NS 
oO i 
tawn AA VECS (%) 9/35 (26) 2/28 (7) NS Lown 4B VPCs (%) 5/6 (83) 35/153 (23) <0.01 
Lown 4B VPCs (% 11/35 (31) 11/28 (39) NS i 
Erce testdata Exercise test data 
No VPCs (%) 27/35(77) 16/27 (59) NS NOVPES T, n 3/6 (50) 95/152 (62) NS 
Lown 1-3 VPCs (%) 6/35 (17) 10/27 (37) NS Lown 1--3 VPCs (%) 3/6 (50) 45/152 (30) NS 
: Lown = 4 VPCs (%) 0/6 (0) 12/152 (8) NS 
Lown = 4 VPCs (%) 2/35 (6) 1727 (4) NS a 


Abbreviations as in Table |. 





group with a patent vessel (Table III); also, filtered 
QRS duration (p <0.01), duration of terminal low-am- 
plitude signals (p <0.001), and terminal root-mean- 
square voltage (p <0.05) were significantly different 
(Table HI). Late potentials had sensitivity and specific- 
ity for a closed infarct-related coronary artery of 39 and 
91%, respectively. The positive and negative predictive 
values were 79 and 65%, respectively. No other compar- 
isons were statistically significant, except for the throm- 
bolytic therapy rate in the group with a patent artery: a 
significantly (p <0.05) higher number of patients than 
that in the group with a closed vessel received throm- 
bolysis (Table IID. 

Of 63 patients who underwent coronary arteriogra- 
phy, 30 (48%) did not receive thrombolysis; 12 (40%) of 
these had patency of the infarct-related artery, whereas 
18 (60%) had a closed vessel. In the group with a pat- 
ent artery, 1 of 12 patients (8%) had late potentials 
compared with 7 of 18 (39%) with a closed artery 
(p = NS). We compared mean values of filtered QRS 
duration (101 + 8 vs 103 + 10 ms; p = NS) and termi-- 
nal root-mean-square voltage.(48 + 24 vs 35 4 41 nV; 
p = NS); no significant difference was found between 
the 2 groups. Conversely, duration. of terminal low-am- 
plitude QRS signals (26 4:8 vs 35 4.10 ms; p <0.05) 
was significantly lower in the group with a patent vessel. 
Mean left ventricular: ejection fraction was not signifi- 
cantly different (0.51 + 0.10 vs 0.54 + 0.09; p= NS). 
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Follow-up data: At a mean follow-up of 14 + 3 
months after AMI, 8 of 161 patients (5%) developed a 
late arrhythmic event; 6 of 8 events (75%) occurred in 
-the first 2 months after AMI (mean 21 + 18 days, 
range 6 to 55). Conversely, only 2 events (25%) were 
observed 11 and 16 months after AMI. Sudden death 
occurred in 2 patients, 4 had sustained ventricular 
tachycardia, and 2 had aborted sudden death with evi- 
dence of ventricular fibrillation at the time of cardiover- 
sion. Syncope and cardiac arrest with recovery of spon- 
taneous cardiac activity after a short cardiopulmonary 
reanimation were observed in | patient. In this patient. 
heart rhythm during the cardiac arrest was not docu- 
mented, and the electrophysiologic study was not per- 
formed, because the patient did not consent. Therefore, 
this event was net included in the statistical analysis. 
None of 6 patients with late sustained ventricular 
tachyarrhythmias developed new Q waves on ECG. 

Anterior site of AMI (p <0.05), left ventricular dys- 
kinesia (p <0.004) and ejection fraction (p <0.001), 
late potentials (p <0.001), filtered QRS duration (p 
<0.01), terminal root-mean-square voltage (p <0.05), 
duration of terminal low-amplitude signals (p <0.05), 
and Lown 4B-class ventricular ectopic beats on Holter 
monitoring (p <C.01) had a significant relation to late 
arrhythmic events (Table IV). 

In the genera! population of the study, sensitivity, 
specificity, and positive and negative predictive values 
of late potentials for late arrhythmic events were 75, 
82, 18 and 98%, respectively. Of 99 patients treated 
with thrombolysis. the significant relation between late 
potentials and arrhythmic events was preserved. Ar- 
rhythmic events occurred in 4 of 99 patients (4%) treat- 
ed with thrombolvsis; 3 (75%) of these had late poten- 
tials compared with 13 of 95 (14%) without events (p 
<0,05). In the group treated with thrombolysis, sensitiv- 
ity, specificity, and positive and negative predictive val- 
ues of late potentials for late arrhythmic events were 75, 
86, 19 and 99%, respectively. 

Regarding the prevalence of thrombolytic ther- 
apy, no significant difference was found between the 2 
groups of patients with and without events (Table IV). 
Patients with conventional therapy had a relative risk of 
developing late arrhythmic events of 1.6 compared with 
those treated with thrombolysis. Of patients with late 
arrhythmic events, 6 of 8 (75%) had both anterior wall 
AMI and left ventricular dyskinesia; thus, in this group 
the event rate was 25% (6 of 24). Regarding fibrinolytic 
treatment, 16 of 24 patients (67%) received thromboly- 
sis, and 8 (33%) were treated conventionally. In the 
group treated with thrombolysis, 3 of 16 patients (19%) 
developed late arrhythmic events compared with 3 of 8 
(37%).in the control group (p = NS). Mean left ventric- 
ular ejection fraction was not significantly different 
(0.38 + 0.09 vs 0.38 + 0.06; p = NS). Of patients with 
anterior wall AMF and left ventricular dyskinesia, the 
relative risk of developing late arrhythmic events was 
2.6 without thrombolytic. therapy. 

Multivariate analysis: We performed a- stepwise lo- 
gistic regression. analysis to assess the relation between 
late potentials and independent variables such as age, 





AMI location, development of pathologic Q waves, left 
ventricular ejection fraction and dyskinesia, and throm- 
bolytic therapy. Left ventricular ejection fraction (p 
<0.001); AMI location. (p <0.01) and thrombolytic 
therapy (p <0.01) were found to be independent predic- 
tors of late potentials. We performed a similar analysis 
in the group of 63 patients who underwent coronary ar- 
teriography, including the status of the infarct-related 
coronary artery among independent variables. The sta- 
tus of the infarct-related artery was found to be the only 
independent. predictor of late potentials (p <0.01); left 
ventricular ejection fraction and thrombolytic therapy 
did not reach levels of significance. 


DISCUSSION 

This study, in agreement with other re- 
ports,?:!0!2.13.15 found a significantly lower prevalence of 
late potentials in the group treated with thrombolysis. 
Regarding the rate of late potentials and the SAECG 
quantitative analysis, a significant difference between 
the 2 groups of patients with and without thrombolysis 
was observed only using a band-pass filter range of 40 
to 250 Hz; no difference was present using 25 Hz high- 
pass filtering. This result is in agreement with the data 
of Chew et al.'3 Therefore, a band-pass filter range of 
25 to 250 Hz could undervalue the presence of late po- 
tentials, as found by Gomes et a!!® and Denes et al.!? 
Therefore, in the study of Turitto et al!? the absence of 
a significant difference in the prevalence of late poten- 
tials between patients treated with thrombolysis and 
control subjects could be related to the use of 25 Hz 
high-pass filtering. 

According to other investigators,*°?! the presence 
of late potentials seemed to characterize patients with 
greater left ventricular dysfunction. Greater infarct size 
and left ventricular dysfunction are associated with late 
potentials. Therefore, early reperfusion and reduction of 
the left ventricular impairment could prevent SAECG 
abnormalities. In our study, as in others,?!3-!>2 a sig- 
nificant correlation between patency of the infarct-relat- 
ed coronary artery and reduced prevalence of late po- 
tentials was found, and the multivariate analysis showed 
the status (patency or occlusion) of the infarct-related 
artery to be the only independent predictor of late po- 
tentials. Therefore, occlusion of the infarct-related coro- 
nary artery appears to be the most important cause of 
late potentials, independent of global left ventricular 
function. Late potentials were specific markers of occlu- 
sion of the infarct-related coronary artery; this finding 
could have great clinical relevance, because patency of 
the infarct-related artery represents an independent pre- 
dictor of survival.' However, in the present study, cardi- 
ac catheterization was performed because of post-AMI 
ischemia, and this fact may represent a possible selec- 
tion bias; even the small number of patients who under- 
went coronary arteriography represents a limitation of 
our study. 

No-data. are available concerning the influence of 
late reperfusion on the prevalence of late potentials. 
Vatterott et al!4 found that a patent vessel was not asso- 
ciated with a statistically significant reduction in the 
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- rate of late potentials without reperfusion therapy in the 
acute stage of AMI. Nevertheless, of patients not un- 
_ dergoing early therapy directed toward achieving reper- 

< fusion, a significantly lower filtered QRS duration was 
< observed when the infarct-related artery was patent. In 


our study, coronary arteriography was available in 30 
patients not treated with thrombolysis. In this group, 
= $pontaneous reperfusion may have been a late phenome- 


> non.beyond the conventionally accepted period during 


which reperfusion can modify infarct size. Quantitative 
analysis of the SAECG showed that the duration of ter- 
minal low-amplitude signals was significantly lower in 
the group with a patent vessel. The number of patients 
studied (48 in the study of Vatterott et al,!4 and 30 in 
our study) is too small to advance conclusions, but a 
beneficial effect of late reperfusion on the development 
of late potentials can be hypothesized, because statisti- 
cal.analysis showed a favourable effect of patency of the 
infarct-related coronary artery on 2 determinants of the 
- SAECG (filtered QRS duration in Vatterott’s study,!4 
and duration of terminal low-amplitude signals in our 
study). The results of a recent study by Lacroix et al?! 
were in compliance with this possibility; in fact, in a 
group of patients with coronary artery disease, they doc- 
umented a reduction of 65% in the prevalence of late 
potentials after coronary bypass surgery. 
The detection of frequent or complex, or both, ven- 
tricular ectopic beats on a predischarge Holter record- 
ing represents an independent prognostic factor for late 
arrhythmic events after AMI.*>-26 Some studies! 1215,27 
evaluated the influence of reperfusion and thrombolytic 
etherapy on late ventricular ectopic activity; the results 
-were controversial. We used maximal exercise testing 
and Holter monitoring to evaluate the ventricular ectop- 
ic activity in our patients. The majority of patients un- 
derwent 48-hour recording for better detection of com- 
plex ventricular arrhythmias (couplets and ventricular 
tachycardia). We did not find any significant difference 
in both frequency and complexity of ventricular ectopic 
beats between patients treated with thrombolysis and 
control subjects. Furthermore, late ventricular ectopic 
. activity was not significantly different between patients 
with and without patency of the infarct-related coro- 
nary artery. 

In the follow-up studies we found that late potentials 
were significantly related to late arrhythmic events. 
Several investigators** evaluated the prognostic signifi- 
cance of late potentials; in these studies it was not men- 
tioned how many patients received thrombolysis. Fur- 
thermore, most of these studies were performed before 
the extensive use of fibrinolytic therapy. We analyzed 
the possible influence of thrombolysis on the predictive 
ability of late potentials for a post-AMI arrhythmic 

event, as suggested in a recent editorial!®; also, in the 





~~ group of 99 patients treated with thrombolysis, late po- 


“tentials were significantly related to late arrhythmic 


events. Therefore, detection of late potentials is a useful 





marker of future malignant ventricular tachyarrhyth- 

~mias-after thrombolytic therapy. 

We evaluated a possible difference in arrhythmic 
event rate between patients treated with and without 





thrombolysis in both the general population of the study 
and the group with anterior wall AMI and left ventricu- 
lar dyskinesia (higher event rate). We did not observe 
any significant difference; in any case there was a sig- 
nificantly higher relative risk of developing arrhythmic 
events in the conventionally-treated group. The smail 
number of arrhythmic events and the short follow-up 
prevent us from advancing conclusions. 

An extremely low mortality rate was observed in 
patients with reperfusion compared with in those with- 
out.! This finding contrasts strikingly with the relatively 
modest changes in left ventricular function observed be- 
tween the 2 groups of patients. Conversely, a significant 
difference in the rate of late potentials is appreciable in 
both reperfused patients and those treated with throm- 
bolysis.?:!0-!2-!5 Our data are in agreement with these 
findings. Moreover, in agreement with other studies,** 
late potentials were significantly related to late arrhyth- 
mic events, and several investigators”! have found late 
potentials to be independent predictors of malignant 
ventricular tachyarrhythmias after AMI. The mecha- 
nism responsible for reduced mortality after fibrinolysis 
has not yet been examined.” The results of this and 
other studies strongly suggest increased electrical heart 
stability as a potential mechanism for the improvement 
in prognosis after thrombolysis. The prevention of the 
development of an arrhythmogenic substrate in reper- 
fused patients could have an important role in increas- 
ing survival after AMI. 
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CONTRAINDICATIONS: SECTRAL s$ contraindicated in: 1) persistently severe 
bradycardia; 2) second- and third-esgree heart block, 3) overt cardiac failure; 
4) cardiogenic shock, (See WARNINGS) 
WARNINGS: Cardiac Failure: Sympathetic stimulation may be essential for support 
of circulation in patients with diminished myocardial contractility and inhibition by 
B-adrenergic receptor blockade may precipitate more severe failure. Although 
B-blockers should be avoided in overt cardiac failure, SECTRAL can be used 
cautiously when heart failure is conwolled with digitalis and/or diuretics. Digitalis and 
SECTRAL impair AV conduction. Withdraw SECTRAL if cardiac failure persists. 
in Patients Without a History of Cardiac Failure: in patients with aortic or mitral 
valve disease or compromised left ventricular function, continued depression of the 
myocardium with B-blockers over time may lead to cardiac failure. Digitalize patients at 
first signs of failure, and/or give a duretic and observe closely. Withdraw SECTRAL if 
cardiac failure persists. 
Exacerbation of Ischemic Heart Disease Following Abrupt Withdrawal: Abrupt 
discontinuation of some B-biockersitn coronary artery disease patients may exacerbate 
, angina; in some cases, myocardialintarction and death have been reported. Caution 
‘such patients against interruption of therapy without a physician's advice. Even in the 
absence of overt ischemic heart disease, withdraw SECTRAL gradually over a period 
sof about two weeks; observe carefully and advise patients to minimize physical activity 
during this time. (If desired, patients may be transierred directly to comparable doses 
ot an alternative B-blocker without interruption of B-blocking therapy.) If exacerbation ot 
angina occurs, restart full-dose anti-anginal therapy immediately and hospitalize 
patient until stabilized. 
Peripheral Vascular Disease: B-ariagonists reduce cardiac output and can 
: precipitate/aggravate arterial insufficiency in patients with peripheral or mesenteric 
vascular disease, Exercise caution and observe such patients closely for progression 
--of arterial obstruction. 
Bronchospastic Diseases: Patients with Bronchospastic Disease Should, in 
‘ General, Not Receive a §-Blocker. Because of its relative B4-selectivity, low doses of 
- SECTRAL may be used cautiously ™ such patients who do not respond to, or cannot 
tolerate, alternative treatment. Since fi,-selectivity is not absolute and is dose- 
dependent, use lowest possible dase of SECTRAL initially, preferably in divided doses. 
ui Make bronchodilator, e.g., theophyitine, or a By-stimulant, available in advance with 
i instructions for use. 
Anesthesia and Major Surgery: Tre necessity/desirability of withdrawing 
P-blockers prior to major surgery isscontroversia!, the heart's impaired ability to 
respond to B-adrenergically mediated refiex stimuli may enhance the risk of excessive 
myocardial depression during general anesthesia. Difficulty in restarting and 
maintaining the heartbeat also has been reported with beta-blockers. It treatment is 
continued, take special care when using anesthetics that depress the myocardium, 
use lowest possible SECTRAL dose SECTRAL., like other B-blockers, is a competitive 
inhibitor of f-receptor agonists, so its effects can be reversed by cautious 
administration of such agents (e.g.. dobutamine or isoproterenol). Symptoms of 
excessive vagal tone (e.g., profourcd bradycardia, hyootension) may be corrected with 
atropine. 
. Diabetes and Hypoglycemia: B-biickers may potentiate insulin-induced 
hypoglycemia and mask some symptoms such as tachycardia; dizziness and 
“Sweating are usually not significant affected. Warn diabetics of possible masked 
hypoglycemia. 
Thyrotoxicosis: B-adrenergice blocxade may mask some clinical signs (tachycardia) 
“ot hyperthyroidism. Abrupt withdrawal of SECTRAL may precipitate a thyroid storm in 
patients. suspected of developing thyrotoxicosis 
PRECAUTIONS: impaired Renal or Hepatic Function: While there are no U.S 
“studies, foreign published experience shows that acebutolol has been used 
successfully in chronic renal insufficiency. Acebutolo: is excreted via the G.I. tract, but 
the active metabolite, diacetolol, is-eliminated mainty by the kidney, A linear 
Toe ede éxists between renal cigarance of diacetolol and creatinine clearance 
+), reduce daily dose of acebuttlol by 50% when Clo, is less than 50 mL/min and 
bie whenit is less than 25 mL/min. Use cautiously in patients with impaired 
aT aie function 

SECTRAL has been used successfully and without problems in elderly patients in 
U.S. clinical trials without specific dosage adjustment. However, in the elderly, lower 
maintenance doses may be required because bioavailability of SECTRAL and its 
metabolite are approximately doused. 
information for Patients: Ware patents, especially those with evidence of coronary 
attery disease, against interruptionor discontinuation.of SECTRAL without physician 
supervision. Although cardiac failures rarely occurs in properly selected patients, 
advise patients to consulta physician if signs or symptoms suggestive of impending 
CHF. of unexplained respiratory symptoms, develop. 

Warn patients of possible severe hypertensive reactions from concomitant use of 
a-adrenergic stimulants, eğ nasa decongestants used in OTC cold medicines and 
nasal drops. 

Clinical Laboratory Findings: SECTRAL. like other A-blockers: has been associated 
with development of antinucieat-ar’ bodies (ANA): In prospective clinical trials, 
patients receiving SECTRAL had adose-dependent i increase inthe development of 
Positive ANA ters: Symptoms relaied to this laboratory abnormality were infrequent. 
Symptomes and ANA titers were revarsibie upon discontinuation of SECTRAL. 





Drug interactions: Catecholamine- depleting drugs may have additive effects. when 
given with B-blockers. Observe patients treated with bosh agents closely for evidence 
af marked bradycardia or hypotension which may present as vertigo, syncope/ 
presyncope, or orthostatic changes in-blood pressure without compensatory 
tachycardia, Exaggerated hypertensive responses have beer reported from use of 
S-acrenergic antagonists with a-adrenergic stimulants, including those in OTC cold 
medies and .vasoconstrictive nasa’ drops. Nonsteroidal antiinflammatory drugs may 
blunt antihypertensive effects of beta-blockers., 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Chronic oral toxicity studies 
in rats and mice, at doses 15 times the maxirnurn recommended (60 kg) human dose, 
did not indicate carcinogenic potential for SECTRAL. Diacetotol, the major metabolite 
in man, was without carcinogenic potential in rats at doses up to 1800 mg/kg/d. 
SECTRAL and diacetolol also had ne mutagenic potential in the Ames Test. No 
significant impact on reproductive parlormance or fertility was found in rats following 
SECTRAL or diacetolol doses of up to 240 or 1000 mg/kg/d, respectively. 

Pregnancy: Teratogenic Effects: Pregnancy Category B No teratogenic effects were 
seen in rat or rabbit reproduction studies utilizing SECTRAL doses that were, 
respectively, approximately 31.5 anc 6.8 times the maximum recommended human 
dose. At this dose in the rabbit, slight fetal growth retardation was noted, this was 
sonsidered to be a result of maternal toxicity (evidenced by reduced food intake, 
towered rate of body weight gain. mortality). Diacetolol studies (doses up to 450 
mg/kg/d in rabbits and up to 1800 mg/kg/d in rats) showed no evidence of fetal harm 
ether than a significant elevation in postirnplantation loss with 450 mg/kg/d. a level at 
which food consumption and body weight gain were reduced in rabbit dams: there 
was a nonstatistically significant increase in incidence of bilateral cataract in rat 
tetuses from dams treated with 1800 mg/kg/d. There are no adequate and well- 
controlled trials in pregnant women; SECTRAL should be used during pregnancy only 
F potential benefit justifies risk to the fetus. 

Nonteratogenic Effects: Human stucies indicate that acebutolol and diacetolol cross 
the placenta, Neonates of mothers who received acebutolol during pregnancy have 
seduced birth weight, decreased blood pressure, and cecreased heart rate 

Labor and Delivery: Effect on labor and delivery in pregnant women is unknown, 
Animal studies have shown no effect of SECTRAL on the usual course of labor and 
delivery. 

Nursing Mothers: Acebutoic! and clacetolol appear in breast milk (milk: plasma ratio 
af 7.1 and 12.2, respectively). Use in nursing mothers is not recommended, 

Pediatric Use: Safety and effectiveness in children have not been established, 
ADVERSE REACTIONS: SECTRAL is well tolerated in properly selected patients. 
Most adverse effects have been mild, not required therapy discontinuation, and 
senced to decrease as treatment duration increases 

The incidence of treatment-reiated side effects (volunteered and elicited) derived 
irom U.S. controlled clinical tials in patients with hypertension, angina and arrhythmia 
follows. Numbers represent percentage incidence for SECTRAL {N =1002) versus 
placebo (N=314), respectively 

Cardiovascular; Chest pain 2%, 1%; Edema 2%, 1%. CNS. Depression 2%, 1%; 
Dizziness 6%, 2%; Fatigue 11%, 4%: Headache 6%, 4%. Insomnia 3%. 1%; Abnormal 
dreams 2%, 1%. Dermatologic: Rash 2%, 1%. Gastrointestinal: Constipation 4%, 0%; 
Diarrhea 4%, 1%; Dyspepsia 4%, 1%; Flatulence 3%, 1%; Nausea 4%, 0%, 
Genitourinary: Micturition (frequency) 3%, <1%. Musculoskeletal: Arthralgia 2%, 2%: 
Myalgia 2%, 0%. Respiratory: Cough 1%, 0%; Dyspnea 4%, 2%; Rhinitis 2%, <1%. 
Special Senses: Abnormal Vision 2%, 0%. 

The following selected (potentially important) side effects were seen in up to 2% of 
SECTRAL patients: Cardiovascular’ hypotension, bradycardia, heart failure, CNS: 
anxiety hyper/nypoesthesia, impotence. Skin: pruritus. Gastrointestinal: vomitting, 
abdominal pain. Genitourinary: dysuria, nocturia, Liver and Biliary: small number of 
reported cases of liver abnormalities (increased SGOT, SGPT, LDH). In some cases, 
increased bilirubin or atkaline phospnatase, fever, malaise, dark urine, anorexia, 
nausea, headache, and/or other symptoms have been reported. in some cases, 
symptoms and signs were confirmed by rechallenge. Abnormalities were reversible 
upon drug cessation. Musculoskeletal: back and joint pain. Respiratory: pharyngitis, 
wheezing. Special Senses: conjunctivitis, dry eye, eye pain. Autoimmune: extremely 
rare reports of systemic lupus erythematosis. 

Incidence of drug-related adverse effects (volunteered and solicited) based on 
SECTRAL dose is shown below. (Data trom 266 hypertensive patients treated for 3. 
months on a constant dose.) 








400 mg/day 800 mg/day 1200 mg/day 
Body System (N = 132) (N = 63) (N= 71) 
Cardiovascular 5% 2% 1% 
Gastrointestinal 3% 3% 7% 
Musculoskeletal 2% 3% 4% 
Central Nervous System 9% 13% 17% 
Respiratory 1% 5% 6% 
Skin 1% 2% 1% 
Special Senses 2% 2% 6% 
Genitourinary 2% 3% 1% 





Potential Adverse Effects: Certain adverse effects not listed above have been 
reported with other B-blocking agents and should be considered as potential adverse 
affects of SECTRAL., 

CNS: Reversible mentai depression orogressing to catatonia, an acute syndrome 
characterized by disorientation for time and place, short-term memory loss, emotional 
iability, slightly clouded sensorium, and decreased periormance on neuro- 
asychometrics. 

Cardiovascular: intensification of AV block (see CONTPRAINDICATIONS). Allergic: 
Erythematous rash, fever with aching and sore throat, laryngospasm, respiratory 
distress. 

Hematologic: Agranulocytosis, nonthrombacytopenic and thrombocytopenic purpura 
Gastrointestinal: Mesenteric arterial thrombosis, ischemic colitis. 

Miscellaneous. Reversible alopecia, Peyronie's disease. The oculomucocutaneous 
syndrome associated with practolo! has not been reported with SECTRAL. 

Keep at room temperature, Approximately 28°C (77°F). 
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The baroreceptor~heart rate reflex in human is im- 
paired 2 days after a myocardial infarction but it 
o> improves 10 days after the acute coronary event. 
. This study investigated whether (1) the barorecep- 
tor-heart rate reflex improvement takes the reflex 
back to normal, and (2) the cardiopulmonary re- 
flex is affected by myocardial infarction. In sub- 
jects studied 8 to 11 days after a transmural ante- 
-rior or inferior myocardial infarction the barore- 
ceptor-heart rate reflex sensitivity (slope of the 
-” linear regression between negative neck chamber 
pressures and lengthenings in RR interval) was 
similar to that seen in control subjects (~6.2 + 0.8 
‘vs —6.0 + 0.6 ms/mm Hg, mean + SEM) and did 
not change when reassessed 10 days later. In con- 
i trast, the cardiopulmonary reflex sensitivity 
(changes in forearm vascular resistance induced 
changing central venous pressure through non- 
ensive lower body suction and leg raising) 
markedly less in subjects studied 8 to 11 
; after myocardial infarction than in control 
subjects; the reduction amounted to 58.1 + 8% (p 
i <0.01). The cardiopulmonary reflex sensitivity 
greatly improved when reassessed 28 to 45 days 
later. Thus, the baroreflex is normal about 10 
days after myocardial infarction. This condition 
markedly impairs the cardiopulmonary reflex, but 
the impairment is also transient. 
(Am J Cardiol 1992;69:873-878) 
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e have previously shown that arterial barore- 

W ceptor modulation of heart rate in humans is 
markedly impaired 2 days after an acute 
myocardial infarction but improves considerably about 
10 days after the acute coronary event.! In the present 
study we addressed 2 issues that had not been previous- 
ly clarified: (1) whether the arterial baroreflex is entire- 
ly normalized after the acute post-myocardial infarc- 
tion phase, the potentially adverse consequences of its 
impairment (e.g., increased sympathetic and reduced 
vagal drive) being thus largely short term; and (2) 
whether the cardiopulmonary receptor reflex? is also 
impaired after myocardial infarction, as it is suggested 
by animal studies.’ The latter is an important issue be- 
cause the cardiopulmonary receptor reflex in humans 
originates mainly from the heart*> and modulates sys- 
temic vascular resistance, plasma catecholamines and 
plasma renin activity,®* i.e., variables undergoing a de- 
rangement in the post~myocardial infarction phase.?"!! 


METHODS 

We studied 35 patients of both sexes (31 men and 4 
women), who were admitted to the coronary care unit 
of our hospital for an acute transmural myocardial in- 
farction either of the anterior or the inferior wall. Myo- 
cardial infarction was diagnosed by a history of pro- 
longed (>1 hour) chest pain and by standard electro- 
cardiographic and laboratory criteria. No patient had 
evidence of a previous myocardial infarction, and none 
had a history of high blood pressure, diabetes, autonom- 
ic neuropathy, renal damage or other major cardiovas- 
cular diseases. The presence of heart failure was exclud- 
ed by the absence of breathlessness, pulmonary rales, 
third heart sound and signs of pulmonary hypertension 
and cardiac enlargement on chest radiography. Left 
ventricular end-diastolic diameter measured. by echocar- 
diography was always <55 mm. When. admitted to the 
coronary care unit, patients with myocardial infarction 
received morphine sulphate, intravenous nitroglycerin, 
streptokinase or heparin, or a combination of these. Cal- 
cium antagonists, 8 blockers and nitrates were given ac- 
cordingly to the clinical needs but, with the exception of 
aspirin, drugs with major cardiovascular action were 
withdrawn during the 48 hours preceding the first or 
second baroreflex and cardiopulmonary reflex. study 
(see later). 

Thirty-four hospitalized patients of ¢ither..sex. were 
taken as control subjects. The subjects were selected if 
there were no major systemic and cardiovascular. dis- 
eases and if there was none of the aforementioned con- 
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ditions affecting autonomic cardiovascular control. All 
subjects gave their informed consent to the study aad 
the protocol was approved by the ethical committee of 
our institution. 

Evaluation of the carotid baroreflex: The carotid 
baroreceptor cantrol of heart rate was studied by the 
neck chamber technique that allows one to produce a 
negative pressure around the neck, increasing carotid 
transmural pressure and selectively stimulating carotid 
baroreceptors.!?!> The study was performed in 30 pa- 
tients with a myocardial infarction (age 52 + 1 year, 
range 41 to 64) and in 24 control subjects (age 50 + | 
year, range 39 to 64) 8 to 11 days after the coronary 

vevent and the hospitalization (mean 10 + | and 10 + 1 
days), respectively, and after 1 week of mobilization in 
the semi-intensive care ward. In 24 patients with myo- 
cardial infarction, the baroreflex was reassessed 18 to 
22 days (mean 21 + 1) after the coronary event and 
following discharge from the hospital without. any phys- 
ical rehabilitation program. In each experimental ses- 
sion the negative pressure was applied in 6 separate 
steps of 10-second duration, ranging in magnitude from 
~7 to ~40 mm Hg. Each step was repeated 3 times and 
the steps were applied in a random order and separated 
from each other by 2 minutes. Baroreceptor deactiva- 
tion by positive neck chamber pressure was not pursued 
because the procedure was disturbing to the patients: 

During the experimental session, the pressure with- 
in the collar was measured by a Statham transducer 
(model P23 ID, Gould Statham, Hato Rey, Puerto 
Rico). Blood pressure was measured by a sphygmoma- 
nometer using the first and fifth Korotkoff sounds to 
identify systolic and diastolic blood pressure, respective- 
ly. Heart rate was measured by a cardiotachometer 

“triggered by the R wave of an electrocardiographic lead. 

The neck pressure and heart rate signals were recorded 

. on a Grass Polygraph (Grass Instruments, Quincy, 

Massachusetts), which also displayed the electrocardio- 

graphic signal to allow precise measurements of the RR 
interval. 

Evaluation of the cardiopulmonary reflex: Cardio- 
pulmonary receptors were (1) stimulated by increasing 
central venous pressure through passive elevation of legs 
to 60°*; and (2) deactivated by reducing central venous 
pressure through application, with a lower body nega- 
tive device, of a negative pressure so mild (approximate- 
: ly ~15-mm Hg) as to have little effect on blood pres- 
< sure and heart rate and thus modify arterial barorecep- 
tor activity to only a minor degree.? A more marked 
lower body negative pressure was also applied (approx- 
imately —35 mam Hg) to cause a reduction in blood 
pressure, deactivate both cardiopulmonary and arterial 
baroreceptors and thus simulate the concomitant en- 
gagement of these homeostatic mechanisms in physio- 
logical conditions (e.g, orthostatic stress). The study 
was performed in 12 patients with myocardial infarction 
(aged 52 + 2 years, range 34 to 63) and in 12 control 
subjects (aged 50 + 2 years, range 39 to 65) 9 to 13 
days after the acute coronary event and hospitalization 
(mean 11 + 1 and 10 + 1 days), respectively, and after 
| week of mobilization in the semintensive care ward. In 





7 patients with myocardial infarction, the cardiopulmo- 
nary reflex was reassessed 28 to 45 days (mean 37 + 
10) after the coronary event and following discharge 
from the hospital without any physical rehabilitation 
program. In each experimental session the stimuli were 
applied randomly and maintained for 5 minutes. Each 
stimulus was separated from the preceding one by a 10- 
minute interval. Seven patients with myocardial infarc- 
tion and 7 control patients also participated in the baro- 
reflex study. 

During the experimental session arterial blood pres- 
sure and heart rate were measured as described for the 
baroreflex study. The pressure within the box was mea- 
sured by a Statham transducer (P23 ID, Gould Stath- 
am, Hato Rey, Puerto Rico). Central venous pressure 
was measured by a catheter placed in or near the right 
atrium from an antecubital vein of the arm used for 
blood pressure measurements and also connected to a 
Statham transducer. Forearm blood flow was measured 
by venous occlusion plethysmography (Hekanson EC4, 
Issaqua, Washington), using the forearm other than 
that measured for blood pressure. The measurements 
were performed as described in previous studies.4578 
Forearm vascular resistance. was derived from the ratio 
between mean arterial pressure (diastolic blood pressure 
plus 4 third of pulse pressure) and forearm blood blow. 
Blood pressure, heart rate, forearm blood flow and fore- 
arm vascular resistance were measured also before and 
during l-minute immersion of 1 hand in ice water 
(4°C) to determine the hemodynamic responses to a 
neurogenic stimulus different from that originating 
from cardiopulmonary receptors. 

Data were calculated by an investigater unaware of 
the experimental design. Baseline values were obtained 
by averaging the measurements before the various stim- 
uli. The response to neck pressure application was cal- 
culated by taking the maximal lengthening of RR inter- 
val over the 3 beats following the onset of the stimulus, 
ie. over a time interval still devoid of blood pressure 
effects." Data from-the 3 stimuli of similar magnitude 
were averaged and the slope of the linear regression of 
RR interval on neck pressure changes was taken as the 
carotid baroreflex sensitivity. The response to lower 
body negative pressure, leg raising and coid pressor test 
was calculated by taking the values of the last minute of 
the stimulus. Forearm blood flow (and vascular resis- 
tance) was always derived from the average of 3 consec- 
utive values. 

Individual data were averaged separately for the pa- 
tients with myocardial infarction and control subjects to 
obtain the means (4+ SE) for the 2 groups. The differ- 
ences between mean data- were analyzed by the ¢ test for 
unpaired (myocardial infarction vs control patients) or 
paired (first vs second study) observations. Relation- 
ships between variables were assessed by linear regres- 
sion analysis. A p value <0.05 was taken as the level of 
statistical significance. 


RESULTS 
Carotid baroreflex: Ten days after hospitalization, 
baseline mean arterial pressure was slightly lower in pa- 
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tients with myocardial infarction than in control sub- 
jects, whereas baseline RR interval was not significantly 
different in the 2 groups (Figure 1). Baroreflex sensitiv- 
ity was similar in patients with myocardial infarction 
and in control subjects, and in the subgroups with an 
anterior and inferior myocardial infarction (—6.4 + 1.5 
vs —6.2 + 1.1 ms/mm Hg, data not shown in Figure). 
No correlation was found between the baroreflex sensi- 










tivity and the creatinine phosphokinase-MB values tak- 
en as an approximate index of the size of myocardial 
infarction (r = 0.20, p= not significant). Figure | com- 
pares the results obtained 10 and 21 days after myocar- 
dial infarction. Baseline RR interval increased slightly 
over this time, whereas baseline mean arterial pressure 
remained unchanged. The individual baroreflex sensitiv- 
ity observed 10 days after myocardial infarction ‘was 





FIGURE 1. Left panel, individual and 


i closed circles) studied 9.7 + 0.5 days 
after the coronary event and in control 
_ Subjects (open circles) studied 9.6 + 





both at the earlier (open triangles) and 
at a later (closed triangles) phase after 
myocardial infarction. Baseline mean 
arterial pressure (MAP) and RR inter- 
val values are also shown. Note that 
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nous pressure (ACVP) and forearm vascu- J 
lar resistance (AFVR) induced by leg rais- 
ing (LR) and lower body negative pressure 
(LBNP) —15 mm Hg in 12 patients studied 
11 + 1 days after a myocardial infarction. 
Data from 12 control subjects studied 10 
+ 1 day after hospitalization are also re- 
ported. Numbers shown in each panel re- 
fer to baseline values. 
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a | ‘TABLE I Hemodynamic Changes Induced by Lower Body Negative Pressure at 
~35.mm Hg 
f Mi Mi 
c MI (11 £ 1 days) (37 + 10 days) 
{n = 12) (h = 12) {n= 7} (a= 7) 
CVP (mm Hg) -38 +04 ~$9+0.5 -30 £ 0.4 -3.3 4 04 
MAP {mm Hg) -52 + 0.6 -5.8 + 0.7 ~6.5+4 1.1 -2.4 +408 
k | 
HR (beats/min) +7.8 £15 474+ 1.6 48.7 + 1.5 +72 + 1.3 
FVR (U) +20.6 + 4.5 +834 1.6 +10.7 + 2.6 +18.7 + 4.8 
eee, Cees | | eee 
*p < 0.05. ji 
Values are mean + SE. 
C = control subjects; CYP = central venous pressure; FYR = forearm vascular resistance; HR = heart rate; MAP = mean 
arterial pressure; MI = myocardial infarction. 











closely correlated with that observed in the later phase 
{r = 0.83, p <0:001) and the average baroreflex sensi- 
tivity was virtually identical in the 2 circumstances. 
Cardiopulmenary receptor reflex: Eleven days after 
hospitalization, baseline mean arterial pressure was 
slightly lower, and baseline forearm vascular resistance 
slightly higher in patients with myocardial infarction 
than in control subjects (Figure 2). Baseline heart rate 
and central venous pressure were not statistically differ- 
ent in the 2 groups. Figure 2 also shows that in control 
subjects, leg raising and lower body negative pressure at 
—15 mm Hg caused an increase and a reduction, re- 
spectively, in central venous pressure. Mean arterial 
pressure and heart rate exhibited small and nonsignifi- 
cant changes, whereas forearm vascular resistance de- 
<- creased with the former maneuver and markedly in- 
“creased with the latter. In patients with myocardial in- 
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farction the changes in central venous pressure were 
similar to those seen in contro! subjects, again with little 
heart rate changes and with similar or slightly greater 
blood pressure changes for leg raising. Compared with 
control subjects, both the decrease and increase in fore- 
arm vascular resistance in patients with myocardial in- 
farction were markedly reduced. Figure 3 compares the 
results obtained about 11- and 37 days after: MI. Base- 
line central venous pressure, mean arterial pressure and 
heart rate remained unchanged over this time, whereas 
baseline forearm vascular resistance decreased. The ef- 
fects of leg raising and lower body negative pressure at 
—15 mm Hg on central venous pressure, mean arterial 
pressure and heart rate. were similar in the 2 circum- 
stances. In contrast, the reduction and increase in fore- 
arm vascular resistance were much greater at 37 days 
than in the earlier phase after myocardial infarction. 
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Hypotensive lower body negative pressure: Eleven 
days after hospitalization lower body negative pressure 
at -35 mm Hg caused a decrease in central venous 
pressure greater than that observed when the same 
stimulus was applied at -15 mm Hg (Table I and Fig- 
ure 2). This was accompanied by a decrease in blood 
pressure and an increase in heart rate and forearm vas- 
cular resistance. The reduction in central venous pres- 
sure, the hypotension and the tachycardia were similar 
in patients with myocardial infarction and in control 
subjects. Subjects with myocardial infarction however, 
displayed a large attenuation of the forearm vascular 
resistance response. Also this response improved when 
the lower body negative pressure at ~35 mm Hg was 
applied 37 days after myocardial infarction. This was 
accompanied by less hypotension but by a similar tachy- 
cardic response. 

Cold pressor test: Ten days after myocardial infarc- 
tion, immersion of | hand in ice water was associated 
with a marked increase in mean arterial pressure, a 
moderate tachycardia and a marked increase in fore- 
arm vascular resistance. All changes were similar to 
those seen in control subjects (mean arterial pressure: 
patients with myocardial infarction, +14.1 + 1.5 mm 
Hg; control subjects, +13.3 + 1.2 mm Hg; heart rate: 
myocardial infarction, +10.4 + 1.9 beats/min; controls, 
+9.3 + 1.0 beats/min; forearm vascular resistance: 
myocardial infarction, +24.8 + 5.8 U; controls, +23.9 
+ 6.1 U). 


DISCUSSION 

In the present study a reduction in central venous 
pressure was accompanied by much less increase in 
forearm vascular resistance in patients with an 11-day- 
old transmural myocardial infarction than in control 
subjects. Furthermore, an increase in central venous 
pressure was accompanied by less reduction in forearm 
vascular resistance in those with myocardial infarction 
than in control subjects. The reduction in central venous 
pressure was always devoid of significant blood pressure 
and heart rate changes, and the increase in central ve- 
nous pressure was devoid of significant heart rate 
changes and accompanied by a small although signifi- 
cant blood pressure increase only in patients with myo- 
cardial infarction. This rules out the possibility that dur- 
ing the changes in central venous pressure the reduced 
vascular responses in patients with myocardial infarc- 
tion were accounted for by the arterial baroreflex. Thus, 
one can conclude that this was due to an impairment of 
the cardiopulmonary reflex. This represents the first evi- 
dence of this phenomenon in humans. 

We have previously reported that the impaired baro- 
receptor—heart rate reflex seen 2 days after a trans- 
mural myocardial infarction undergoes a clear improve- 
ment 10 days after the coronary event.! Our present 
study offers 3 additional findings. (1) In a large number 
of patients studied 10 days after myocardial infarction, 
the bradycardic responses to several different carotid 
baroreceptor stimuli were similar to those obtained in a 
“Jarge number of control subjects. (2) Another response 
originating from arterial baroreceptor deactivation, i.e., 


. _. the tachycardia accompanying a lower body negative 


pressure marked as to induce hypotension, >! was indis- 
tinguishable in the 2 groups. (3) The reflex bradycardic 
and tachycardic responses observed 10 days after myo- 
cardial infarction were unchanged at a later time, indi- 
cating that the normal baroreflex sensitivity of patients 
with myocardial infarction was thereafter fully main- 
tained. A second conclusion of our study is that the 
myocardial infarction-dependent impairment of the 
baroreceptor—heart rate reflex previously described! is a 
transient phenomenon and that the improvement occur- 
ring 10 days after myocardial infarction is pronounced 
so as to allow this mechanism to recover steadily normal 
values. Recovery from impairment after myocardial in- 
farction is not specific for the baroreceptor-heart rate 
reflex because the cardiopulmonary receptor reflex of 
our patients with myocardial infarction also exhibited a 
marked improvement from the initial impairment, al- 
though over a slower time course. 

Our study does not clarify the mechanisms responsi- 
ble for the impairment of the cardiopulmonary receptor 
reflex after myocardial infarction. However, a nonspe- 
cific depression of vascular responsiveness to neural 
stimuli can be ruled out because the hemodynamic ef- 
fects of cold pressor testing were normal in patients with 
myocardial infarction at the time when the responses to 
cardiopulmonary receptor manipulation were reduced. 
Thus, the reflex impairment originates either centrally 
or in the afferent component of the reflex arch, or both. 
We can speculate that the afferent impairment depends 
on (1) a destruction of receptors located in the necrotic 
area; (2) a reduction in cardiac compliance that, dealing 
with stretch receptors, would cause fewer changes in re- 
ceptor activity for a given increase and decrease in cen- 
tral venous pressure; and (3) a receptor abnormality in- 
duced by ischemia (e.g., receptor stunning), dyskinesia 
or exhaustion after an earlier massive excitation.'> Re- 
gardless of its nature, however, it is clear that the im- 
pairment should be reversible to account for the later 
recovery of the cardiopulmonary receptor reflex. In 
principle, this phenomenon may occur even with a ne- 
crotic destruction of cardiac receptors because neural 
plasticity may allow the remaining receptors to assume 
greater importance with time. 

Schwartz et al!® reported that the bradycardia ac- 
companying the sustained and progressive increase in 
blood pressure induced by intravenous infusions of in- 
creasing doses of phenylephrine was reduced in a num- 
ber of patients studied 18 days after myocardial infarc- 
tion. However, a sustained blood pressure increase may 
stimulate cardiac receptors through an increase in left 
ventricular diastolic pressure,!’ i.e., a change that can 
easily occur when an altered cardiac pump can cope less 
effectively with an increased afterload. It is thus possi- 
ble that the late baroreflex impairment reported by 
Schwartz et al!6 in a number of subjects with myocardi- 
al infarction reflects the impairment of the cardiopul- 
monary receptor reflex. 

Our findings have clinical implications because the 
cardiopulmonary reflex exerts an important restraint on 
sympathetic activity and thus on (1) norepinephrine and 
epinephrine release from the nerve terminals,’ (2) renin 
release from the juxtaglomerular cells,® and (3) system- 
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ular resistance® and coronary vasomotor tone: 48 
> pairment can thus contribute to the marked in- 

crease in plasma catecholamines and renin activity that 
-occurs in the phase after myocardial infarction and to 
the adverse impact this has on the patient’s progno- 
sis.!-22 It can also adversely affect cardiac function by 
-increasing cardiac afterload while reducing cardiac per- 
- fusion. 
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USE IN PREGNANCY 
When used in pragnancy during the second and third trimesters, ACE 
inhibitors can cause injury and even death to tha developing fetus. 
When pregnancy is detected, ALTACE should be discontinued as soon as possible. 
See WARNINGS: Fetal/neonatal morbidity and mortality. 
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INDICATIONS AND USAGE: ALTACE is indicated for th treatment of hypertension. 
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ir. using ALTACE, consideration should be given to the fact that another angio- 
tensin converting enzyme inhibitor, captoprd, has caused agranulocytosis, particu- 
larly in patients with renal impairment or collagen-vascular disease. Available cata are 
insufficient to show that ALTACE does not have a simila risk. (See WARNINGS.) 


CONTRAINDICATIONS: ALTACE is contraindicated irratients who are hypersen- 
sitive 10 this product and in patients with history of ang: aneurolic edema. 


WARNINGS. Angioedema: Angioedema of the face. extremities. lips. tongue. 
glotis. and larynx has been reported in patients treated with angiotensin converting 
enzyme inhibitors, Angioedema associated with laryngeal edema can be fatal. If 
laryngeal stridor or angioedema of the face, tongue, or geettis occurs, treatment with 
ALTACE should be discontisued and appropriate therapy instituted immediately 
Where there is involvement of the tongue, glottis, ar larynx, likely to cause 
airway obstruction, approoriate therapy, e.g., subcutaneous epinephrine 
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ADVERSE REACTIONS.) 


Hypotension: ALTACE can cause symptomatic hypotension, after either the initial 
dose or a later dase when the dosage has beer increased Like other ACE inhibitors, 
ramipril has been only rately associated with hypotensie in uncomplicated hyper- 
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dietary salt restriction, dialysis, diarrhea, or vomiting. Vaume and/or salt depletion 
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in patients with congestive heart failure, with or witout associated renal insul- 
ficiency, ACE inhibitor therapy may cause excessive hypotension, which may be 
associated with oligusia or azotemia and, rarely, with acute renaj failure and death. n 
such patients, ALTACE therapy should be started under close medical supervision, 
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of ramipril or diuretic is increased 

it hypotension occurs, the patient should be placed <9 a supine position and, it 
necessary, treated with intravenous infusion of physiological saline. ALTACE treat- 
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insufficient to show that ramipril does not cause agranslocytosis at similar rates. 
Monitering of white blood cell counts should be considered in patients with collagen- 
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Fetal Neonatal Morbidity and Mortality: ACE inteoitors can cause ‘etal and 
neonatal morbidity and death when administered to pregnant women. More than 100 
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inhibitors should be discontinued as soon as possible. 

The use of ACE inhibitors-during the second and third mimesters of pregnancy hes 
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Experience with another angiotensin converting enzyme inhibitor suggests that these 
increases are usually reversible upon discontinuation of ALTACE and/or diuretic 
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dueti T more likely to occur in patients with pre-existing renal impairment 
Dosage reducten of ALTACE and/or discontinuation of the diuretic may be requires. 






















Evaluation of the hypertensive patient should always include assessment 
af renal function. 


Hyperkalemia. in clinical trials, hyperkalemia (serum potassium greater than 5.7 mEq/ 
Lj occurred in approximately 1% of hypertensive patents receiving ALTACE. In most 
cases, these were isolated values, which resolved despite continued therapy. None of 
these patients was discontinued trom the trials 2ecause of hyperkalemia. Risk factors 
for the development of hyperkalemia include tenal insufficiency, diabetes mellitus, 
and the concomitant use of potassium-sparing diuretics, potassium supplements, 
and/or potassium-containing salt substitutes, which should 2e used cautiously, if at 
all, with ALTACE. {See DRUG INTERACTIONS.) 


Cough: Cough has been reported with the use of ACE inhibitors. Characteristically, 
the cough is nonproductive, persistent and reselves after discontinuation of therapy 
wes inhibitor- induced cough should be considered as part of ine differential diagnosis 
of cough: 


Impaired Liver Function: Since ramipril isprimarily metabolized by hepatic esterases 
to its active moiety, ramiprilat, patients with impaired liver function could develop 
markedly elevated plasma levels of ramipril, Ne formal pharmacokinetic studies have 
been carried out in hypertensive patients with impaired liverfunction 


Surgery/Anesthesia: in patients undergoing surgery 2 during anesthesia with agents 
that produce hypotension, ramipril may dlock angiotensin it formation that would 
otherwise occur secondary to compensatory renin release. Hypotension that occurs 
as a result of this mechanism can be corrected by volume expansion. 


information for Patients: Angioedema’ Angivedema, inciuding laryngeal edema, 
can occur with treatment with ACE inhibitors, especially fitlowing the first dose. 
Patients should be so advised and told to repor inynediately any signs ot symptoms 
suggesting angioedema (swelling of face. eyes, tips, tongue, cr difficulty in breathing) 
and to take no more drug until they have consulted with the grescribing physician 
Symptomatic Hypotension: Patients should be cautioned that lightheadedness can 
occur, especially during the first days of therapy, and it shouid be reported. Patients 
should be told that if syncope occurs, ALTACE ™ (ramipril) should be discontinued 
until the physician has been consulted 

All patients should be cautioned that inadeguate twd intake or excessive 
perspiration, diarrhea, or vomiting can lead to an excessive fali in blood pressure, with 
the same consequences of lightheadedness and possible syscope. 


Hyperkalemia: Patients should be told not to use salt substitutes containing potas- 
sium without consulting their physician 


Neutropenia, Patients should be told to promatly report any indication of infection 
(e.g,, sore throat, fever), which could be a sigr of neutropenia 


Pregnancy: Female patients of childbearing age should be told about the consequences 
of second- and third-trimester exposure to ACE inhibitors, andthey should also be told 
that these consequences do not appear to have resulted irom intrauterine ACE- 
inhibitor exposure thal has been limited to thedirst trimester These patients should 
also be asked to report pregnancies to their physicians as scon as possible. 


Drug interactions: With Diuretics: Patients on diuretics, especially those in whom 
diuretic therapy was recently instituted, may occasionally experience an excessive 
reduction of blood pressure after initiation of therapy with ALTACE. The possibility of 
hypotensive effects with ALTACE can be minimized by either discontinuing the diuretic 
of increasing the salt intake prior to initiation of treatment witt: ALTACE. If this is not 
possible, the starting dose should be reduced 


With Potassium Supplements and Potassium-Sparing Diuretics: ALTACE can ate 
tenuate potassium loss caused by thiazide diuretics, Potasaium-sparing diuretics 
(spironolactone, amiloride, trlamterene, and others) or potassium supplements can 
increase the risk of hyperkalemia Therefore, if concomitar use of such agents is 
indicated, they should be given with caution, anc the patient's serum potassium should 
be monitored frequently 


With Lithium Increased serum lithium levels and symptoms-of lithium toxicity have 
been reported in patients receiving ACE inhibitors during therapy with littium. These 
drugs should be coadministered with caution. and frequen monitoring of serum 
Jithium tevels is recommended. if a diuretic is also used, the risk of lithium toxicity 
may be increased 


Other: Neither ALTACE nor ils metabolites have been found to interact with food, 
digoxin, or antacid 


Carcinogenesis, Mutagenesis, Impairment of Fertility: No evidence of a 
tumorigenic effect was found when tamiprilwas given by gavage to rats (up to 500 mg/ 
kg/day for 24 months) or to mice (up to 1.000 mg/kg/day for 18 months). Dosages 
greatly in excess of those recommended tor humans produced aypertrophy of the renal 
juxlaglomerular apparatus in mice, rats, dogs. and monkeys. No mutagenic activity 
was detected in the Ames test in bacteria, the micronucleus test in mice, unscheduled 
DNA synthesis in a human cell line, or a forward gene-mutation assay in a Chinese 
hamster ovary cell line. Several metabolites and degradation products cf ramipril were 
also negative in the Ames test. A study in rats with cosages 28 great as 500 mg/kg/ 
day did not produce adverse effects on fertility, 


Pregnancy: hi cong Categories C (first trimester) and D (second and 
third trimesters): Ses WARNINGS: Fetal/nsonatal morbidity and mortality. 


Nursing Mothers: ingestion of a single 10 mg oral dose of ALTACE resulted in 
undetectable amounts of ramipril and its metabolites in breast milk. However, because 
multiple doses may produce low milk concentrations that ame not predictable from 
single doses, ALTACE should not be administered te nursing mothers 


Geriatric Use: Of the total number ol patients who received ramiprit in US clinical 
studies of ALTACE 11.0% were 65 and over white 0.2% were 25 and over. No overall 
differences in effectiveness or safety were observed between these patients and 
younger patients, and other reported clinical experience has net identified differences 
in responses between the elderly and younger patients, but greater sensitivity of some 
older individuals cannot be ruled oul 

One pharmacokinetic study conducted in Fospitalized elnerly patients indicated 
that peak ramipritat levels and area under the plasma concentration time curve (AUC) 
for ramiprilat are higher in older patients. 
Podiatric Use: Salety and effectiveness on children has not been established 
ADVERSE REACTIONS: ALTACE has beer evaluated for safety in over 4,000 
patients with hypertension, of these, 1,230 patients were studied in US controlled 
trials, and 1,107 were studied in foreign controlled triais. Almest 700 of these patients 
were treated for at feast one year. The overall incidence of reported adverse events was 
similar in ALTACE and placebo patients. The most request clinical side effects 


(possibly or probably related to study drug) reported by patients receiving ALTACE in 
US placebo-centrolled trials were: headache (5.4%), “dizziness” (2.2%) and fatigue 
or asthenia (2.0%), but oniy the last was more common on ALTACE patients than in 
patients given placebo. Generally, the side effects were mild and transient, and there 
was no relation to total dosage within the range of 1.25 te 20 mg. Discontinuation of 
therapy because of a side eltact was required in apprommately 3% of US patients 
treated with ALTACE, The most cammon seasons for discontinuation were: cough 
(70%) “dizziness” (0.5%), and impotence (0.4%) 

The site effects considered possibly or probably related to study drug that 
occured ir US placebo-controllee trials m more than 7% of patients treated with 
ALTACE are shown below 


PATIENTS IN US PLACEBO-CONTROLLED STUDIES 





Altace Placebo 
(N = 654) {R = 286) 
LL % fn 2. 
Headache 35 54 17 59 
“Dizziness” 14 2.2 9 31 
asthenia (Fatique} 13 20 2 07 
Nausea’ Vomiting 7 14 3 19 


in placebo-controlled trials, there was also an excessofupeer respiratory infection and 
fiu syndrome efi the ramipril groua. AS these studies were carried out before the 
relationship of cough to ACE inhibitors was recognized, some of these events may 
represent ramioril-induced cough. in a later 1-year study, increased cough was seen 
in almost 12% of ramipril patients, witht about 4% cf these patients requiring 
discontinuation of ireaiment. Other adverse experiences reoorted in controlled clinical 
{tials (in less than 1% of ramupril patients), or rarer events seen in postmarketing 
experience, include the following (In some, a causal relationship to drug use is 
unicertain.): 

Cardiovascular: Symptomatic hypotension (reported in 0.5% of patients in US trials) (see 
PRECAUTIONS and WARNINGS), syncope (not reported in: US trials}, angina pectoris, 
arrhythmia, chest pain, palpitations, myocardial infarction, arid cerebrovascular events, 


Renal: Some hypertensive patientswith no apparent pre-existing renal disease have 
developed minor, usually transient, increases in blood urea nitrogen and serum 
creatinine when taking ALTACE, particularly when ALTACE was given concomitantly 
with a diuretic. (Gee WARNINGS.) 

Angioneurotic Edema: Angioneurotic edema has been reported in 0.3% of patients in 
US clinical trials. (See WARNINGS. } 


Gough: A tickling, dry, persistent, nonpreductive cough nas been reported with the 
use of ACE inhibitors, Approximately 1% of gatients weated with ALTACE have 
requirec discontinuation because of cough. The cough disappears shortly after 
discontinuation of treatment. (See PRECAUTIONS.: 


Gastrointestinal: Abdominal pain (sometimes with ereyme changes suggesting 
pancreatitis), anorexia, constipation, diarrhea, dry mouth, dyspepsia, dysphagia, 
gastroenteritis, nausea, increased salivation, tasie disturbance, and vomiting 
Dermatologic: Apparent hypersensitivity reactions (manitested by dermatitis, pruri- 
tus, or rash. with or without fever), photosensitivity. and purpura. 


Neutolagic and Psychiatric: Anxiety, amnesia, convutsions, depression, hearing lass, 
insomnia, nervousness, neuralgia, neuropathy, paresthesia, somnolence, tinnitus, 
tamot, vertigo. and vision disturbances 

Fetal/Neonatal Morbidity and Mortality: See WARNINGS: Fetal/neonatal morbidity 
and mortality. 

Other: arthralgia, arthritis, dyspnea, edema. epistaxis, impotence, increased sweating, 
malaise myalgia, and weight gain. 


Clinical Laboratory Test Findings: Creatinine and Blowd Urea Nitrogen. increases 
in creatinine tevels occurred in 1.2% of patients receiving ALTACE alone, and in 1.5% 
ot patients yen ALTACE and adiuretic. Increases intblood urea nitrogen levels 
occurred in 9.5% of patients receiving ALTACE alone and in 3% of patients receiving 
ALTACE with a diuretic. None wf these increases required discontinuation ot 
treatment. Increases in these laboratory values are more likely to occur in patients with 
tenal insufficiency or those pretreated with a diuretic and. based on experience with 
other ACE inhibitors, would be expected te be especially ikely in patients with renal 
artery stenosis. (See PRECAUTIONS and WARNINGS. } 

Since ramipril decreases. aldosterone secretion, elevation of serum potassium 
can occur. Potassium supplements and potassium-sparing diuretics should be given 
with caution, and the patient's serum potassium should be monitored frequently. (See 
PRECAUTIONS and WARNINGS. } 


Hemoglobin and Hematocrit’ Decreases in nemoglobin or Hematocrit (a low value and 
aedecrease af $ go or 5% respectively) were rare, occurring in 0.4% of patients 
receiving ALTACE alone and in 1.5% of patients receiving ALTACE plus a diuretic. No 
US patients discontinued treatment because of gecreases in hemoglobin or hemat- 
Gort, 

Other {causal relationships unknown): Clinically important changes in standard 
laboratory tests were rarely associated with ALTACE administration. Elevations ol liver 
enzymes, serum bilirubin, uric acid. and biood glucose have been reported, as have 
scattered incidents of leukopenia, easinophilia, and proteinuria. In US trials, less than 
0.2% of patients discontinued treatment for laboratory abnarmalities: all of these were 
cases of proteinuria or abnormal livar-function tests. 

OVERDOSAGE: Human overdoses of ramipril have not teen reported, but the most 
commor manifestation of human ramipril overdosage is. likely to be hypotension 
Because the hypotensive effect of ramipril is achieved through vasodilation and 
effective hypavolernia, it is reasenabie to treat ramipril overdose by infusion of normal 
saline solution 
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_ An Indian Experiment with Nutritional 
Modulation in Acute Myocardial Infarction 
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In a randomized, single-blind intervention trial, 
406 patients 24 to 48 hours after acute myocardi- 
al infarction (AMI) were assigned to either diet A 
(204 patients, group A) or B (202 patients, group 
B) for 6 weeks. At entry to the study, mean age, 
male sex, risk factors, complications, possible and 
definite AMI, and drug therapy were comparable 
‘between the 2 groups. Dietary adherence to inter- 


vention and control diets was checked by ques- 


tionnaire, and drug therapy by tablet count. Group 
A received significantly lower calories, a higher 
percentage of calories from complex carbohy- 
drates, vegetable/fish proteins, polyunsaturated 
fatty acids, and a higher polyunsaturated/saturat- 
ed fat ratio diet than did group B (higher total cal- 
ories and saturated fatty acids). Group A also re- 
ceived less dietary cholesterol, salt and caffeine, 
and higher soluble dietary fiber, vitamins and min- 
-erals than did group B. After 6 weeks, group A 
had a significant decrease in mean serum total 
< (-20.5 vs -8.6 mg/dl) and low-density lipoprotein 

(-16.6 vs -6.4 mg/dl) cholesterols, and triglycer- 
ides (~15.5 vs —7.6 mg/dl), with no decrease in 
high-density lipoprotein cholesterol (— 1.5 vs —1.3 
mg/dl) compared with the initial levels and 
changes in group B. Group A also had a greater 
decrease in mean body weight (3.4 vs 1.3 kg) than 
that of group B. A significant decrease in body 
weight and better modulation of blood lipids in 
group A were translated into a significant de- 
crease (34.5%) in total cardiac end points includ- 
ing nonfatal (17 vs. 25) and fatal (8 vs 12) AMI, 
and sudden cardiac death (4 vs 7) compared with 
that in group B (29 vs 44, p <0.01, 2-tailed). To- 
tal mortality, including cardiac mortality (12 vs 
21), showed no significant difference between 
groups A and B during 6-week follow-up. This 
needs further confirmation owing to the small 
number of events. 

(Am J Cardiol 1992;69:879-885) 
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death are frequent outcomes in patients with 

AMI. The mortality rate during hospitalization 
is 10 to 15%, and the rate of reinfarction or extent 
of infarction may be 10 to 30% depending on the crite- 
ria used for diagnosis.'* Whereas the majority of the 
deaths are due to arrhythmias, coronary artery stenosis 
may be the cause of ischemia and reinfarction.'? There 
is evidence that hyperlipidemia can inhibit the secretion 
of the endothelial-dependent relaxant factor, and pre- 
dispose thrombosis and atherosclerosis,4 and that reduc- 
tion of blood lipids may be associated with a significant 
decrease in nonfatal AMI.>§ Recently, increased intake 
of fish in patients after AMI was demonstrated to cause 
a significant decrease in heart disease and all-cause 
mortality.’ There is evidence that several common Indi- 
an foods!®'® such as onion, garlic, guava, stargoose- 
berry, fenugreek seeds, mushrooms, black, red and ban- 
gal grams, trichosanthes, bitter gourd, soya beans, oils 
of ground nut, soya bean and sun flower, almonds and 
walnuts can modulate blood lipids and sugar, and fibri- 
nolytic activity leading to a decrease in atherosclero- 
sis.!™18 The clinical effects of a diet rich in these foods 
may be similar to those of taking 180 mg/day of aspi- 
rin.!? In 1 preliminary study? we documented for the 
first time that a diet rich in these foods given to patients 
with AMI can have a beneficial influence on complica- 
tions and mortality. In the present study, we reexam- 
ined the influence of this cardiovasoprotective diet rich 
in fruits, vegetables, cereals, nuts and fish for confirma- 
tion of previous findings. 


Rew: acute myocardial infarction (AMI) and 


METHODS 

All patients admitted to the hospital with a clinical 
diagnosis of suspected AMI within 24 hours were con- 
sidered for the study. The criterion?! of diagnosis of 
AMI was a 12-lead electrocardiogram showing sym- 
metrical ST-segment depression or elevation of =] mm 
from baseline in limb leads or of 22 mm in chest leads, 
or T-wave inversions with or without Q waves in associ- 
ation with an increase in creatine phosphokinase and 
serum glutamic oxalotransferase of at least twice the 
normal values on serial examination, or a combination. 
Suspected AMI was diagnosed by presence of convine- 
ing history of cardiac chest pain accompanied by less 
than twice the increase in enzymes of normal values, 
electrocardiographic abnormalities that were not diag- 
nostic of AMI, ischemic heart disease by chest pain 
without an increase in enzymes, or absence of diagnos- 
tic electrocardiographic changes, or a combination. 
Exclusion criteria are given later (see Results). Patients 
were observed for 24 hours after the clinical diagno- 
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sis of AMI, during which dietary intake, drug therapy 
and complications were recorded. Clinical, electrocar- 
diographic, radiologic and laboratory data were also ob- 
tained for all patients during this period. 

Blood pressures were measured after 5 minutes of 
rest (lying comfortably in a supine position) by a mer- 
cury sphygmomanometer by 1 technician. Korotkoff 
sounds phase V was recorded for diastolic blood pres- 
sure. Hypertension was diagnosed as blood pressure 
>150/95 mm Hg, diabetes mellitus as a positive glu- 
cose tolerance test showing >140 mg/dl after 2 hours of 
75 g of oral glucose, smoking as consumption of 21 
cigarette/day, obesity as >10% above normal weight 
for age and sex, hypercholesterolemia as fasting serum 
cholesterol >250 mg/dl, hypertriglyceridemia as fasting 
serum triglycerides >190 mg/dl, physical inactivity as 
<1 km/day of walking during routine work without any 
exercise, and alcohol intake as >60 g/week of alcohol. 

Study design: After giving written informed consent, 
all patients with the suspected clinical diagnosis of AMI 
were randomized by the dietitian and assigned a diet by 
blindly selecting a card designated diet A or B from a 
stack with an equal number of each, and the responsible 
physician was unaware of the assigned dietary regimen. 
All patients remained in the hospital for 10 to 30 days. 

In the intervention diet, meat and eggs were re- 
placed with fish, vegetarian meat substitutes and nuts to 
keep the diet low in saturated fat. Small, frequent meals 
(200 to 300 Kcal, 5 to 6 times daily) in the form of a 
soft diet such as soup (especially in the first week) con- 
taining fruits, vegetables, cereals and nuts (in particu- 
‘lar, almonds, walnuts, guava, stargooseberries, grapes, 
apples, sweet limes, bananas, lemons, raisins, bail, musk 
melons, onions, garlic, trichosanthes, fenugreek seeds 
and leaves, mushrooms, bitter and bottle gourds, lotus 
roots, bengal and black grams, soya beans, green leafy 
vegetables, and oils of soyabean and sun flower) were 
regularly advised in group A patients. Group B patients 
were administered a low-caloric, typical diet during hos- 
pitalization, and later were on a diet as prescribed by 
their doctor. Dietary intake before hospitalization was 
also obtained in both groups by obtaining the food in- 
take of spouses, and detailed history of food intake of all 
patients. 

All patients completed angina pectoris record (in- 
cluding daily trinitrate consumption and intake of other 
drugs) and dietary diaries with the help of the dietitian, 
beginning at days 3, 6 and 10, and then weekly for 6 
weeks to verify dietary and drug compliance (by tablet 
count). Dietary compliance was checked and reinforced 
daily during hospitalization (10 to 30 days) by the dieti- 
tian. Each patient was counseled regularly at separate 
counseling sessions and was asked to answer a question- 
naire concerning dietary intake, smoking, and alcohol 
and drug intake to enforce drug and dietary compliance, 
and to stop or reduce smoking and alcohol intake in 
both groups. General measures such as physical activity, 
maintenance of regular bowel movements and counsel- 
ing for mental stress were actively performed in both 
groups depending on complications and clinical indica- 
tions. Nutrient intake was calculated by computation of 





Indian food composition tables? based.on the question- 
naire regarding dietary adherence by 24-hour recall. 

Data collection: Clinical data, complications, drug 
therapy and mortality were regularly recorded for 6 
weeks by the physician unaware of the dietary regimens 
in both groups. Blood pressure and heart rate were re- 
corded in the right arm twice daily during hospitaliza- 
tion, and then weekly after 5 minutes of rest in the su- 
pine position, and phase V of Korotkoff sounds was 
recorded as diastolic blood pressure. Systolic blood pres- 
sure <90 mm Hg was described as hypotension. A 12- 
lead electrocardiogram was obtained daily for the first 4 
to 5 days, then every third day and when indicated dur- 
ing hospitalization, and after discharge, once weekly 
at every visit to the clinic. Heart rate was calculat- 
ed from the resting electrocardiogram, and left ventric- 
ular strain by ST-segment depression or T-wave inver- 
sion, or both, in leads Vs-V«. Angina was treated (and 
recorded through angina diaries) when chest pain per- 
sisted for >3 minutes disappearing or diminishing on 
taking sublingual nitroglycerin. Arrhythmias were diag- 
nosed by electrocardiogram and 24-hour monitoring, 
and treated in presence of ventricular ectopics (mini- 
mum 8 beats/min) that may be uni- or multifocal, or 
>3 consecutively. Heart failure was recorded on the ba- 
sis of the criteria of the New York Heart Association as 
a dilated heart, demonstrated by radiologic or electro- 
cardiographic (or both) dilatation of the left ventricle. 
Heart enlargement was considered as a dilated heart 
demonstrated by radiologic or electrocardiographic ex- 
amination, or both. The diagnosis of cardiovascular 
complieations and end points was based on earlier crite- 
ria.? 

Fatal AMI was diagnosed when the hospital rec- 
ord was consistent with the cause of death and there 
was either preterminal hospitalization with or a record 
showing definite AMI. Sudden cardiac death was diag- 
nosed in the case of a record describing AMI or isch- 
emia, and death occurring within 1 hour of the onset of 
symptoms. Suspected cardiac death was considered in 
the case of a death certificate describing coronary dis- 
ease without evidence suggestive of sudden cardiac 
death. In hospitalized patients, nonfatal AMI was diag- 
nosed as a diagnostic electrocardiogram recorded at the 
time of the event (as mentioned previously)? or isch- 
emic cardiac pain, and diagnostic enzyme levels of ei- 
ther creatine phosphokinase, lactate dehydrogenase or 
serum glutamic oxalotransferase more than twice the 
higher limit of normal levels. Possible or suspected AMI 
was considered as ischemic cardiac pain with equivocal 
enzyme levels and electrocardiogram. The diagnosis of 
AMI was also considered in nonhospitalized patients 
with a record showing indefinite history of AMI and 
with a diagnostic electrocardiogram at the time of the 
event, or new electrocardiographic changes with in- 
creased enzymes consistent with AMI observed during 
routine checkup. Minnesota coding of the electrocardio- 
gram was performed by a cardiologist whe had no clini- 
cal information concerning the patients. Possible AMI 
was considered as a coronary event, but not as a final 
cardiovascular end point. 
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_ Laboratory data were obtained at entry to the study 
and after 6 weeks in all patients. A venous blood sample 
was obtained in a fasting state and analyzed for blood 

_ count, hemoglobin, urea, glucose, cardiac enzyme ac- 
tivity, total cholesterol, high- and low-density lipopro- 
tein cholesterols, triglycerides? and electrolytes in all 























patients. Total cholesterol was measured directly in 
the serum, and high-density lipoprotein cholesterol was 
measured after precipitation of very low-density and 
low-density lipoproteins by an enzymatic method.*4 Se- 
rum glutamic oxalotransferase and creatine phosphoki- 
nase were obtained at entry to the study, and 48 and 72 
hours after AMI, and lactate dehydrogenase on the 
sixth or seventh day after AMI. 




















= 
TABLE I Characteristics of the Intervention and Control Groups Data were analyzed on the basis of intention to treat, 
at Entry to Study | and in all outcome analyses during follow-up, the last 
intervention Control available clinical or laboratory data were incorporated 
Characteristic Group (A) Group (B) for patients who were lost to follow-up or had died. Pa- 
Noone 908 pe tients who were admitted with chest pain, but had no 
Mean + SD manifestation of definite or possible AMI were also in- 
Age (yr) 50.5 + 9.3 52.0 + 8.3 cluded in the analysis. Only p values <0.05 and 2-tailed 
Body mass index (wt/ht®) 24.3 £1.1 23.3 + 0.8 t test were considered to have statistical significance. 
org (mm Hg) aee tuyactes Student’s ¢ test, analysis of variance, and Z score test 
Diastolic 853426 88.4 + 42 for proportions were used to obtain statistical signifi- 
Cholesterol (mg/dl) cance. 
Total 225.5 + 46.2 228.5 + 43.0 
Low-density lipoprotein 170.2 + 28.5 167.0 + 25.1 
High-density lipoprotein 44.5 + 11.2 42.5249.9 TABLE lt Effect of Dietary Advice on Energy and Nutrient 
Triglyceride (mg/dl) 172.2 +26.2 174.5 + 28.0 Intakes at Four Weeks in Patients Receiving 
pe sugar 125.0 £ 10.5 122.5 + 9.6 Cardiovasoprotective and Typical Diets 
mg | 
Blood urea (mg/dl) 24.2 + 5.8 26.0 + 5.5 intervention Control 
Serum glutamic oxalacetic 140.5 + 30.5 136.6 + 26.8 Nutrient (daily) Group A Group B p Value* 
transaminase (IU) i 
Creatine phosphokinase 185.5 +48.6 178.6 + 44.0 Na, of pts. 204 202 
(lu) Total energy (Keal, 1,432 + 132 1,710 + 150 <0,05 
Site of AMI %/day) 
Inferior or posterior 36.7% 42.5% Energy intake per meal 250 + 45.5 456+ 63.4 <0.05 
Anterior and anterosep- 34.3% 33.1% (carbohydrates, 
tal Kcal, %/day) 
_ Universal 28.9% 24.2% Total 59,9 + 0.72 56.6 + 0.82 
Risk factors Complex 51.0 + 0.59 39.3 + 0.53 .<0,08 
Male sex 88.2% 91.5% Refined 8.9 + 0,18 17.3 + 0,38 
Blood pressure 23.5% 21.7% Proteins 
: ee oe mm S i Sees ner Total 13.14+033 154+0.31 
Moker te l cigarettes/day 2% Gi ble/fish 10.5 + 0.2 6440.24 <0.05 
Serum cholesterolemia 25.5% 23.7% Vegeta e 3 2 * ? $ 1 : 
(> 250 mg/d) Animal/milk 2.6 £0.18 9.0 £ 0.25 
Serum triglyceridemia 12.7% 14.8% Fatty acids ; 
(> 190 mg/dl) Total 27.0 + 0.44 28.0 + 0.48 
Diabetes mellitus (by G.T.T,) 17.1% 18.8% Saturated 5.5 + 0.24 10.2 + 0.30 <0.01 
Obesity (> 10% of nor- 28.4% 27.2% | Monounsaturated 10.0 + 0.28 10.5 + 0.28 
mal wt.) Polyunsaturated 11.5 + 0.30 7.3 +026 <0.02 
Physical inactivity (<1 57.8% 56,4% | Polyunsaturated/ 2.09 + 30.0 0.71 £0.03 <0,02 
km/day walking) saturated ratio 
Series jaa 22.0% 24.7% Cholesterol (mg/day) 128.0 + 30.0 266.5 +38.6 <0.02 
OU WEE Fiber (g/day) 
Family history (by 9.8% 8.9% be . 
record) Total 41.8 + 12.8 os : a <0.02 
History of coronary dis- 17.6% 19.3% meted l e AENA Dee ; 
ease (by record) Vegetable/fruit 31.6 + 8.2 10.4 + 3.4 <0.02 
Possible AMI 14.8% 17.8% Alcohol (g/week) 10.0 + 6.0 28.3 + 16.0 
Unstable angina 4.9% 4A% Caffeine (mg/day) 28.5 + 10.8 108.6 +188 <0.02 
Drug therapy Salt (g/day) 3.6 + 0.76 5.6 £ 0.85- <0,02 
Propranolol (40-240 46.5% 43.5% Vitamins and minerals i 
mg/day) (mg/day) 
perce (20-60 mg/ 24.5% 27.2% Ascorbic acid 452.6 + 106.6 188.6+41.0 <0.02 | 
ey Vitamin E 10.7 + 2.5 8642.0 <0.05 
ae (60-180 mg/ 280% 27:07 Magnesium 1,070.0 + 210.0 422.5 +1120 <0.02 
Furosemide (20-80 14.1% 17.8% Potassium 3,050.0 + 570.0 1,108.5 + 221.0 <0.02 
oo “ma/day) Copper l 6.6 +0.71 2.3 z 0:51- <0.02 
$ Aspirin {175-355 meg/ 90:6% 97.5% Selenium (ug/day) 110:5 +.30.6 75.6 +20.5 £0.02 
day o o ooa | l Chromium (ug/day) «121.5 24.5" 85.5 + 17.5 <0.02 
-AMI = acute myocardial infarction. © Statistical significance by Student's t test: : | 
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3 TABLE Ili Changes in Laboratory Data Compared with Baseline in intervention and Control: | 
| Groups. ao va 
i Intervention Group Control Group ANOVA 
F 
Baseline Change ` Baseline Change Value 
| No.of pts.” 204 204 202 202 a 
| Total cholesterol (mg/dl) 225.5 + 46.2 ~20.5 228.5 + 43.0 -8.6 6.85 
i p < 0.02 
Low-density lipoprotein 170.2 + 28.5 ~16.6 167.0 + 25.1 ~6.4 6.85 
cholesterol (mg/dl) p < 0.02 
High-density lipoprotein 445+ 11.2 -1.5 425 £99 -1.3 1.23 
cholesterol (mg/dl) 
Triglycerides (mg/dl) 172.2 + 26.2 ~15.5 174.5 + 23.0 -7.6 7.82 
p< 0.02 
Fasting blood glucose 125.0 + 10.5 -14.8 122.5 + 9.6 -6.8 5,82 
(mg/dl) p< 0.02 
Blood urea (mg/dl) 24.24 58 -1.5 26,0 + 5.5 -2.1 1.12 
p value obtained by application of ANOVA (F values) bycomparison of changes in groups.A anc B. 1 
ANOVA = analysis of variance. 











RESULTS 

During a period of 3 years, 505 patients with sus- 
pected AMI were considered for entry to this study, and 
406 of these were randomly assigned to diet A (204) or 
B (202). The reasons for exclusion were: did not like 
dietary changes (12 patients), chronic disease such as 
cancer, diarrhoea, dysentery and blood urea >40 mg/dl 
© (25 patients), death before randomization (20), and 


-noncardiac pain (42). 


Of the 406 patients that entered the trial, 204 re- 
ceived the cardiovasoprotective diet (group A) and 202 
the prudent diet (group B) advised by doctors during 
AML. At entry to the study, mean age, sex, mean body 
weight, blood pressure, lipoproteins, risk factors, compli- 
cations, electrocardiographic changes, initial level of 
cardiac enzymes, and drug therapy were similar in both 

` groups (Table I). All patients entered the trial within 24 
to 48 hours of AMI. The diagnoses of definite and pos- 
sible AMI, and ischemic heart disease were also compa- 
rable between the 2 groups. In both groups A (81%) 
and B (83%), the majority of patients left the hospital 
by the eleventh day. 

-The dietary intakes in all patients before AMI 
showed a similar daily intake of mean energy (2,110 vs 
2,150 Keal), total fat calories (26.0 vs 24.1%), polyun- 
saturated/saturated fat ratio (0.67 vs 0.65), dietary 
cholesterol (300 vs 310 mg), dietary fiber (27 vs 25 g) 
and salt (7.6 vs 8.2 g). Group A patients received a 
significantly higher percentage of calories from vegeta- 
ble proteins, complex carbohydrates, polyunsaturated 
fat and fiber in the form of fruits, vegetables, nuts and 
fish. They also received decreased energy, cholesterol 
and saturated fatty acids compared with those of group 
B (Table II). 

Withdrawal: Of 406 patients initially randomized, 5 
in group A, and 4 in group B were lost during 6-week 
follow-up. Of the remaining patients, 45 in group A, 
and 52 in group B were lost after discharge from the 
hospital, but later rejoined the same group. Withdraw- 
als from group A had substantial decreases in blood lip- 

< ids, indicating that they were following the dietary ad- 

<-> vice. Side effects of the group A diet were mild belching 

and fullness, = o 
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Blood lipids and glucose: Whereas pretrial lipid lev- 
els showed no significant difference, after 6 weeks there 
was a significant decrease in mean serum and low-den- 
sity lipoprotein cholesterols, triglycerides and blood glu- 
cose, and a nonsignificant decrease in high-density lipo- 
protein cholesterol in group A compared with those in 
group B (Table III). In both groups, most patients 
(80.2%) had serum cholesterol levels between 200 and 
260 mg/dl. 

Body weight and blood lipids: Initial body weight in 
the intervention (66.6 + 10.5 kg, range 52 to 84) and 
control (65.3 + 8.8 kg, range 52 to 83) groups at entry 
to the study was similar. However, after 6 weeks of 
therapy with 2 dietary regimens, both groups A (63.2 + 
8.7 kg, range 52 to 78) and B (64.0 + 10.3 kg, range 52 
to 80) showed a decrease in mean body weight (3.4 and 
1.3 kg, respectively). Patients with obesity showed no 
significant decrease from baseline to after 6 weeks in 
groups A (58 vs 46) and B (55 vs 50). In group A, 97 
patients lost >0.5 kg of body weight, whereas in group 
B, only 23 patients lost >0.5 kg. A separate analysis of 
data in the 97 patients within group A with weight re- 
duction showed a more significant decrease in serum 
(197.2 + 19.2 mg/dl, range 145 to 280) and low-densi- 
ty lipoprotein (147.2 + 25.2 mg/dl, range 95 to 210) 
cholesterols, and triglycerides (144.3 + 10.5 mg/dl, 
range 95 to 215), with a nonsignificant increase in high- 
density lipoprotein cholesterol (45.5 + 10.0 mg/dl, 
range 38 to 62), without such changes in serum total 
(210.5 + 21.5 mg/dl, range 145 to 295) and low-densi- 
ty lipoprotein (158.2 + 27.8 mg/dl, range 92 to 220) 
cholesterols, triglycerides (161.3 + 20.4 mg/dl, range 
96 to 226) and high-density lipoprotein cholesterol (42.0 
+ 9.4 mg/dl, range 35 to 60) in the remaining 107 pa- 
tients of group A. 

Smoking: Smoking was completely stopped in both 
groups during hospitalization. However, after discharge 
from the hospital, 18 of 74 smokers in group A, and 12 
of 70 in group B began smoking again (3 to 8 ciga- 
rettes/day) during 6-week follow-up. -= a 

Complications 


and cardiac end points: Compli- 


cations such as angina pectoris, electrocardiographic 
changes after exercise, left ventricular hypertrophy, ven- 
























cular ectopics (>8/min) and total complications were 
Significantly decreased in group A compared with those 
in group B after 6-week follow-up (Table IV). 
Total cardiac end points including nonfatal (17 vs 
25) and fatal (8 vs 12) AMI, and sudden cardiac death 
(4 vs 7) were significantly (29 vs 44, p <0.01) decreased 
(34.5%) in group A compared with those in group B. 
Total cardiac mortality (12 vs 20) and total mortality 
(12 vs 21) showed no significant difference owing to the 
small number of events (Table IV). 
Weight reduction, complications and cardiac end 
points: In group A, 97 patients lost >0.5 kg of body 
_ weight, whereas 107 did not. After 2-week follow-up, 
deaths in these 2 subsets of patients were equal (2 vs 3). 
The incidences of complications in the remaining 95 pa- 
tients with and 104 without weight loss during the last 4 
weeks of the trial were: angina pectoris: 1.0 vs 6.7%; 
positive exercise electrocardiogram: 23.1 vs 72.1% (p 
<0.01); left ventricular strain: 1.0 vs 4.8%; and left ven- 
tricular hypertrophy: 3.1 vs 9.6%; New York Heart As- 
sociation class HII and IV heart failure: 1.0 vs 1.9%; 
ventricular ectopics (8/min): 5.2 vs 9.6%; and total 
complications: 34.7 vs 104.8% (p <0.01). 

Ee Total cardiac end points after 2 weeks in these 2 

_ Subsets of the intervention group, including nonfatal (7 
vs 10) and fatal (3 vs 2) AMI, and sudden cardiac 

eath (0 vs 2), showed no significant (10 vs 14) de- 
crease (22.0%). in relation to weight reduction, which 
may be owing to the small number of cases, and only 6- 
week follow-up. 










s 
TABLE IV Complications and Cardiac End Points in Intervention and Control Groups After 
Six Weeks of Acute Myocardial Infarction 
Intervention Contro! j 
Group A (%) p Value Group B (%) Difference (%) 
No. of pts. 204 202 
Complications 
Angina pectoris 8 (3.9) p <0.02* 35 (17,3) 774 
Positive exercise electro- 102 (50,0) p <0.02* 165 (81.6) 38.7 
cardiogram 
Left ventricular strain 8 (3.8) 22 (10.9) 64.2 
Left ventricular hypertro- 15 (7.8) 21 (10.4) 25.0 
phy 
NYHA class IH and IV 6 (2.9) 12 (5.9) 50.8 
heart failure 
Ventricular ectopics 16 (7.8) p <0.02* 35 (17.3) 54.9 
(> 8/min) 
Ventricular ectopics (> 3 4 (1.9) 15 (7.4) 74.3 
consecutively) 
Total complications 160 (78.4) p <0.001* 305 (150.9) 48,0 
Cardiovascular end points 
Nonfatal myocardial in- 17 (8.3) 25 (12,3) 32.5 
farction 
Fatal myocardial infarc- 8 (3,9) 12 (5.9) 33.8 
tion 
Sudden cardiac death 4 (1.9) 7 (4,2) 54.7 
(<1 hour) 
Suspected cardiac death — 1 (0.4) = 
Total cardiac mortality 12 (5.8) 20 (9.9) 41.4 
Total mortality 12 (8.8) 21 (10.4) 42.2 
Total cardiac end points 29 (14.2) p <0.01* 44 (21,7) 34.5 
Total cardiovascular 29 (14.2) p <0.01* 45 (22.2) 36.0 
events 
*ovalue; significance obtained by test for proponions (Z test), 2-tailed. 
Effectiveness = control % ~ intervention % x 10G/controt %, 
NYHA = New York Heart Association. 












DISCUSSION 

Most deaths due to AMI occur soon after the onset 
of its manifestations; therefore, it is necessary to initiate 
any potentially useful treatment immediately after it is 
suspected.'? Because the treatment under scrutiny may 
be harmful rather than beneficial to patients without 
AMI, all those (irrespective of subsequent changes in 
diagnosis or withdrawal from the trial) must be fol- 
lowed up, and overall benefit or harm must be assessed 
in each intention to treat group, whether they have pos- 
sible AMI or unstable angina without AMI. This study 
showed that comprehensive dietary changes in associa- 
tion with weight loss during 6-week follow-up 48 to 72 
hours after AMI were associated with significant de- 
creases in total and low-density lipoprotein cholesterols, 
triglycerides and fasting blood glucose, with an insignif- 
icant decrease in high-density lipoprotein cholesterol 
compared with the initial levels and changes in group B 
patients (Table II). These changes in lipoproteins in 
group A and B patients were associated with a signifi- 
cant decrease (34.5%) in total cardiac end points in 
group A (29 vs 44, p <0.01) compared with those in 
group B. The decreases in total number and rate of non- 
fatal AMI was nonsignificant (17 vs 25) compared with 
those in group B. The differences in total and cardiac 
mortality were insignificant owing to the small number 
of events (Table IV). The size of the study group was 
small, and the time of observation was only 6 weeks; 
hence, it is not possible to draw more definite conclu- 
sions. The highest number of cardiac end points (includ- 
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ing mortality) was in patients with angina, arrhythmias 
and extensive AMI. These findings are similar to those 
of other studies." The cardiac mortality (5.8 vs 9.9%) 
and end-point rate (14.2 vs 21.7%) in groups A and B 
were lower than those (10 to 15%) during the first few 
weeks of AMI in other studies, because interventions 
were performed in both groups.'* The differences in 
mortality could be due to the absence of intervention in 
the control group; hence, these changes in mortality 
may be of significant value. 

We believe that the present study is the first con- 
trolled trial of a low-energy fat-modified diet rich in 
fruits, vegetables and nuts administered as treatment 
within 72 hours of AMI. Compliance was fairly good, 
and there was some tendency to consume a low-energy 
intervention diet in the control group not given this 
treatment. In 1 recent controlled and randomized study 
comprising 2,033 patients,’ an increased intake of fish 
was associated with a 29% reduction in 2-year all-cause 
mortality. In other randomized trials,°%> a fat modi- 
fied diet or one with a high polyunsaturated /saturated 
fat ratio was administered to subjects who had recov- 
ered from AMI. All these trials comprised <500 sub- 
jects, and a nonsignificant decrease in mortality was re- 
ported. 

In most dietary trials, the issue of compliance is a 
problem, because subjects in the intervention group may 
not eat exactly what they are advised to. However, in 
AMI patients, seriousness of illness tends to motivate 
them to eat what they are advised by the dietitian. The 
diets were supervised during the first 10 days of AMI; 
however, in the later period compliance was primarily 
monitored by questionnaire, which is open to bias be- 
cause subjects may give the wrong answer to questions 
asked by the dietitian. The next important problem in 
dietary trials is blinding. The attending physician kept a 
detailed record of complications and end points in all 
patients; however, the final diagnosis was performed by 
another physician unaware of the dietary regimens who 
obtained diagnoses based on examination of the records 
of these patients on earlier described criteria?! without 
having access to the patients. Furthermore, the attend- 
ing physician always declined to give dietary advice. 

Group A patients received a fat-modified low-caloric 
diet rich in polyunsaturated fatty acids, water-soluble 
dietary fiber, vitamins and minerals compared with that 
of group B, which received higher saturated fat and 
cholesterol (Table I). Minerals and vitamins in the diet 
are known to decrease free radical generation and pre- 
vent the decrease in high-density lipoprotein cholesterol, 
and inhibit thrombosis (although of controversial val- 
ue).!0-12.26 A low-energy and low-fat, high-polyunsatu- 
rated fat diet is known to modulate not only blood lipids 
and thrombosis,* but also the secretion of catechol- 
amines, and blood pressure, and to have a beneficial in- 
fluence on cardiac indexes.?778 

Apart from qualitative changes in the diet, group A 
patients also. received. significantly lower total calories 
than did group B, resulting in significantly greater re- 
duction in body weight in group A (3.4 vs 1.3 kg). Both 





qualitative changes in the diet (Table 1D and weight 
loss in group A were associated with better modulation 
of lipoproteins and blood glucose than in group B. 
Group A patients who also had a weight loss >0.5 kg 
(97 patients) had a greater decrease in blood lipids, 
without a decrease in high-density lipoprotein cholester- 
ol. Although total cardiac end points showed no signifi- 
cant difference owing to the small number of group A 
patients with and without weight loss, total complica- 
tions were 66.8% less among those with weight reduc- 
tion than those without (34.7 vs 104.8%, <0.01). There 
is evidence that a low-energy diet can modulate blood 
lipids,” and that reduction of body weight in patients 
with enlarged hearts?° decreases cardiac size and may 
reduce left ventricular strain and electrocardiographic 
changes after exercise. In conclusion, the Indian experi- 
ment demonstrates for the first time that a low-energy 
diet characterized by small frequent meals rich in fruits, 
vegetables, nuts and cereals can cause significant de- 
creases in cardiac end points in patients within the first 
6 weeks of AMI. A multicenter trial in a large number 
of patients and a longer follow-up may be necessary to 
confirm our observations. 
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To assess the efficacy of left ventricular (LV) re- 
construction after aneurysmectomy, 35 consecu- 
tive patients with anterior LV aneurysm were 
studied before and after surgery. Surgical tech- 
nique was performed by applying a circular patch 
after aneurysmectomy to maintain a “more physi- 
ological” LV cavity. Myocardial revascularization 
was performed in all but 1 patient concurrently. 
Global perioperative mortality was 4.8%. LV fill- 
ing pressure and volumes and regional wall mo- 
tion were assessed before and after surgery. The 
major indication for surgery was angina; 8 pa- 
tients were in New York Heart Association class 
mAV. 

The results showed a significant decrease in 
end-diastolic volume index (from 120 + 55 ml/m? 
to 76 + 22 mi/m?, p <0.001), end-systolic volume 
index (from 74 + 44 mi/m? to 40 + 18 mi/m?, p 
<0.001) and end-diastolic pressure (from 17 + 7 
mm Hg to 13 + 5 mm Hg, p <0.05). Ejection frac- 
tion significantly increased (from 39 + 13% to 49 
+.15%, p <0.001), LV wall motion significantly 
improved in all but the anterobasal region; the ex- 
tent of LV asynergy significantly decreased after 
surgery. Six of the 35 patients had a deterioration 
of postintervention ejection fraction (from 44 + 
14% to 34 + 9%). They had no reduction in LV 
volumes and no improvement in wall kinetics. 

it is concluded that LV reconstruction after an- 
eurysmectomy induces significant early improve- 
ment of global and regional LV function in most 
patients; postoperative functional improvement is 
mainly related to the increase in inferior LV wali 
motion. 

(Am J Cardiol 1992;69:886-890) 
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tricular (LV) aneurysm remains uncertain.'* Al- 

though many studies reported improved symp- 
toms after ancurysmectomy, most failed to demonstrate 
a concurrent improvement in global LV function? 
Standard linear repair of LV aneurysm may bring 
about a distortion of LV chamber even greater than 
that which existed before surgery.’° Therefore, new 
techniques for geometric reconstruction after aneurys- 
mectomy have been proposed.?-!! 

Early and late results (on surgical outcome with re- 
gard to LV function) exploring the efficacy of such new 
operative techniques in a consecutive series of patients 
are scarce.?!° The present series include all patients re- 
ferred to the Monaco Cardiothoracic Center for anteri- 
or LV aneurysm between June 1988 and October 1989. 
All patients were treated with LV reconstruction after 
aneurysm resection and had cardiac catheterization, LV 
angiography and coronary arteriography before and af- 
ter surgery. 


METHODS 

Patients: The series included all patients with previ- 
ous anterior wall myocardial infarction lasting longer 
than 1 month, evaluated at the Monaco Cardiothoracic 
Center from June 1988 to October 1989, whose ventric- 
ular angiograms indicated a potentially resectable LV 
aneurysm and who underwent reconstructive surgical 
repair. Patients with previous posterior myocardial in- 
farction or with angiographic posterior aneurysm, or 
both, were excluded. 

There were 44 patients with anterior LV aneurysm 
as defined by the Coronary Artery Surgery Study angi- 
ographic ‘criteria.'? Diagnosis was confirmed at sur- 
gery in all but 3 patients who were excluded from the 
study group. In the perioperative period. there were 2 
deaths, a 4.8% operative mortality rate. Four patients 
were excluded because they refused control hemody- 
namic study. In all, 35 patients (2 women and 33 men, 
mean age 55 + 9 years) represent the present series. 

Thirty-four of the 35 patients had complete myocar- 
dial revascularization concurrently. Internal mammary 
artery was implanted on the left anterior descending ar- 
tery in 30 patients, and on the first diagonal branch in 
4. Saphenous vein grafts were applied on. the other ves- 
sels when indicated. Patients gave informed consent for 
the control hemodynamic study which was performed 
15 days after surgery. 

Diagnostic procedure before and after surgery: All 
patients underwent left-sided cardiac catheterization 


Te efficacy of standard surgical repair for left ven- 
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TABLE I Mean Hemodynamic Data and Regional Left Ventricular Wall Motion Before and 





After Surgery (n = 35) 





EDP EDV! ESVI EF AB AL AP pi PB A% 
PRE 174 1204 744 395 -1393 -244 -314 -L5 0.3 4 42 
SD 7 55 | 44 | 13 1 06 | 05 10 | 17 | 17 

* t t t NS * t t * t 

post 134 75-4 404 494 -11-4 -194 -214 -014 08-4 294 
SD 5 22 #18 15 Ll 9 LI 17 21 20 


4 





*p <0.05; tp <0.001. 


intervention data. 





A% = extent of left ventricular asynergy (%); AB = anterobasal region (mean Z value); AL = anterolateral region (mean Z 
value); AP = apical region (mean Z value); DI = diaphragmatic region (mean Z value); EDP = end-diastolic pressure (mm 
Hg), EDVI = end-diastolic volume index (ml/m?); EF = left ventricular ejection fraction (%); ESVI = end-systolic volume index 
imi/m®), NS = not significant; PB = posterobasal region (mean Z value}; POST = postintervention data; PRE = pre- 
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through the right femoral artery. LV angiography was 
performed in right anterior oblique 30° projection (50 
frames/s) with an Angioskope Siemens equipment us- 
ing a nonionic contrast medium. Coronary arteriogra- 
_ phy was performed using the Judkins technique. 

The extent of coronary artery disease was estimated 
by applying the Gensini score." All patients had at least 
a critical stenosis on the left anterior descending artery 
(>75%). 

End-diastolic and end-systolic LV outlines were 
manually traced and volumes were computed with the 
Chapman monoplane method.'* Total ejection fraction 
was calculated as: (end-diastolic volume — end-systol- 
ic) /end-diastolic volumes, 

Residual contractile segment ejection fraction was 
calculated by applying the single-plane method de- 
scribed by Kapelanski et al.!5 

Left ventricular wall motion analysis: Regional wall 


_ motion was analyzed with the centerline method.'6 Sys- 


tolic shortening fraction of 90 chords, from the aortic 
(chord 1) to the mitral corner (chord 90), was calculat- 
ed. The values observed in the study group were com- 
pared with those obtained in a group of 16 normal sub- 
jects by calculating a “Z” value for each chord; systolic 
shortening fraction was converted into units of normal 
standard deviation from the mean systolic shortening 
fraction of the normal group and calculated as: Z = 
(systolic shortening fraction — mean systolic shortening 


-fraction of the normal group)/standard deviation of the 


normal group. 
Finally, regional wall motion was assessed by calcu- 


2 lating the average Z from the individual Z values of the 


chords pertaining to different regions identified by sub- 
dividing the LV contour into 5 sectors: anterobasal, an- 
terolateral, apical, diaphragmatic and posterobasal. 

The percent length of the perimeter showing Z value 
>2 SD from the normal mean was taken as an index of 
the extent of the asynergy. 

Mean shortening fraction of the remaining chords 
within the LV perimeter was taken as an index of short- 
ening of the residual contractile myocardium and ex- 
| pressed as Z value. 

Operative technique: Surgical technique has been 
described in detail in previous studies.'°'” Briefly, it in- 
volved an endoventricular circular patch plasty with 
septal exclusion, using a circular patch of synthetic or 
_ autologous tissue anchored inside the left ventricle in 
_ the contractile myocardium, after the resection or ex- 





HEMODYNAMIC EFFECTS OF ANTERIOR ANEURYSM RESECTION 887 





clusion of the aneurysm. Thus, a more physiologic LV 
cavity is maintained and the restraint caused by the lin- 
ear suture closure is avoided. Myocardial revasculariza- 
tion is performed. when indicated. 

Statistical analysis: Hemodynamic results were 
evaluated by applying the paired or unpaired t test. Sur- 
gical outcome and preoperative data have been evaluat- 
ed with multivariate analysis. 


RESULTS 

Venous grafts and internal mammary arteries were 
all patent and well-functioning at control. Table I lists 
mean hemodynamic data and regional LV wall motion 
before and after surgery in the whole group of patients. 
End-diastolic volume index, end-systolic volume index — 
and end-diastolic pressure significantly decreased. Ejec- 
tion fraction significantly increased. Systemic pressure 
and cardiac output did not change significantly after 
surgery. Regional wall kinetics significantly improved 
after operation except in anterobasal region. The index 
of the extent of asynergy significantly decreased after 
operation. Figure 1 shows mean shortening fraction be- 
fore and after intervention in the total group of patients, 
expressed as absolute and as Z values from normal 
mean. Postintervention values were significantly im- 
proved in apical and inferior wall. 

Within the group there were 6 patients who had 
a decrease in ejection fraction after aneurysmectomy 
(from 44 + 14% to 34 + 9%) (group I) and 29 patients 
who had an increase (from 37 + 13% to 52 + 14%) 
(group II). No significant differences were found in he- 
modynamic and wall motion parameters before inter- 
vention. No relation was found between ejection frac- 
tion and the site of stenosis on the left anterior descend- 
ing artery (proximal or distal) after intervention. Table 
H lists mean values in the 2 groups of patients before 
and after intervention. 

In group I end-diastolic and end-systolic volume in- 
dexes did not change significantly, whereas end-diastol- 
ic pressure significantly decreased. These patients did 
not have significant improvement in regional wall kinet- 
ics, and had a significant decrease in wall motion in the 
anterobasal region; the index of the extent of asynergy 
did not change significantly after surgery. 

Patients. in- group II hada significant decrease ino 
end-diastolic and end-systolic volume indexes and end- = 
diastolic pressure. Regional wall motion significantly — 
improved in anterolateral, apical, diaphragmatic and — 
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“TABLE NI Mean Values Before and After Intervention 
> 4 
Group Í (n =.6) Group H (n = 29) 
Pre Post Pre Post 
4 
EDVI 98 + 29 74 + 27 NS 124 + 58 76 + 22 t 
ESVI 57 + 28 50 + 24 NS 79 + 46 38 + 17 t 
EDP 1845 1244 * 1628 1446 ti 
AB -0.8 + 0.95 -1.5 + 0.98 * “LAs ll -10+ 1.18 NS 
AL ~2.3 20.24 ~2.3 + 0.60 NS ~2.5 + 0.63 ~18 + .94 ij 
AP -2.7 + 1.06 =3.1 $ 0.77 NS ~3.1+0.31 anes 00 t 
DI 0.8 + 1.40 -1.7 a 0.76 NS ~1.6 + 0.88 0.3 t 1.76 t 
kk 
PB -0.6 + 1.57 ais 1.78 NS -0.2 £1.74 L1 F 1.97 t 
A% 32 £18 44415 NS 43 + 16 26 + 20 t 
CSEF 51 +12 vee 46 +11 nen 
CSF ~O.7 + 0.6 e -0.7 £ 0.5 = 
Gensini score 85 + 16 = 72 + 30 — 
p n Bypass = 2320.5 oe 1.9+09 
*p < 0105; tp <0.001. + 
CSEF = contractile segment ejection fraction (9%); CSF = contractile shortening traction (expressed as mean Z value); other 
abbreviations as in Table |. 








posterobasal regions, whereas it did not change in the 
anterobasal region. The index of the extent of asynergy 
was significantly reduced. 

Figure 2 shows mean values of systolic shortening 
fraction expressed as absolute values before and after 
surgery in the 2 groups of patients. After intervention, 
values of regional wall motion were significantly differ- 
ent in the 2 groups for apical, diaphragmatic and pos- 
terobasal regions (Table II). 


SCUSSION 
Studies assessing LV function after aneurysmectomy 
have given conflicting results: Some showed improve- 
ment after operation,*!®!9 while others did not.35.7.20.2! 
Furthermore, many studies relating to the efficacy of 
surgery for LV aneurysmectomy do not provide de- 
< -tailed postoperative evaluation of patients, and most of 

_. them refer to standard linear repair of the aneurysm. 

In this respect our series is unique in that patients 

‘were consecutive, underwent LV reconstructive surgery 

- after aneurysmectomy and had hemodynamic and an- 

= o giographic evaluation before and after operation. 

Our results indicate that the operative technique of 
LV reconstruction after aneurysmectomy can be per- 
formed with a low surgical risk. Global mortality rate 
was 4.8% in our series. Previous studies have reported a 
surgical risk for LV aneurysmectomy ranging between 
9 and 21%, with the highest mortality in patients with 
congestive heart failure.” In our series, angina and 

_ Rot congestive heart failure dominated the clinical pic- 
ture. 

A significant early improvement in global and re- 
ional LV function was obtained in most of our patients 

3%). Hemodynamic parameters were also favorably 

affected by LV reconstruction in that LV filling pres- 

re decreased in all patients and LV volumes de- 
creased in most. These changes strongly suggest anin- 
creased LV compliance, and may be interpreted on the 
basis of the conceptual model proposed by Swan et al,2” 
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which was verified in a clinical series by Feild et a83 


According to this model, aneurysm resection may in- 
crease LV compliance by excluding the scarred, rigid — 
tissue and saving the more compliant, contractile myo: 
cardium. If the LV wall were uniformly noncompliant, 
a surgically induced great reduction in chamber size 
would lead to an increase in diastolic pressure, accord- 
ing to Laplace’s law. The same mechanism can be re- 
sponsible for the significant decrease in end-diastolic 
pressure in group I patients whose LV volumes did not 
change and whose LV pump function deteriorated after 
intervention. 

Many attempts have been made to find prognostic ` 
indexes that relate to operative survival and functional 
improvement. Most of the workers agree that residual 
segment ejection fraction, i.e., the contractility of the 
nonaneurysmal segments, is an important predictor of 
the results of aneurysmectomy. Global ejection frac- 
tion, LV volumes and filling pressure have not been 
found useful in this respect. However, in the Coronary 
Artery Surgery Study neither LV score nor residual 
LV score (an index of the function of the nonaneurys- 
mal portion of the left ventricle) related to the surgical 
outcome.!? In our series, the residual contraction of the 
nonaneurysmal portion of the left ventricle did not show 
significant differences between patients who were well 
after operation and patients who were not. 

According to Froelich et al,? the lack of improve- 
ment in LV function can be related to the fact that a 
substantial portion of the involved area is not resected, 
but this is not the case in our series. 

Other investigators’ have found that dyskinetic an- 
eurysms have a more favorable surgical outcome than _ 
akinetic aneurysms. In our patients no significant dif- 
ferences were found in the preoperative extent and type 
of asynergy. — 

Our data indicate that a favorable surgical outcome 
(in terms of improved ejection fraction) appears to be 


‘related to a greater increase in inferior wall systolic 











shortening. This result may be influenced by surgical 
revascularization of the left circumflex or the right cor- 
onary artery; however, no differences in either the coro- 
nary lesions or in the number of bypassed vessels were 
found among patients who had an increase or a de- 
crease in ejection fraction after surgery. Therefore, our 
results and the lack of benefit that has been reported in 
other studies exploring the effects of LV aneurysmecto- 
my combined with revascularization strongly support 
the hypothesis that improvement in LV function has to 
be related to a more favorable LV geometry obtained 
with this operative technique and not only to myocardi- 
al reperfusion. 

The longitudinal section used for the standard repair 
of LV aneurysm can induce a marked alteration of fi- 
ber architecture, thus leading to an impairment in the 
contraction recovery of asynergic ischemic segments 

< and, in turn, to a depression in global LV function. 
- Geometric LV reconstruction can, instead, allow a good 
recovery of contraction in the reperfused zones with a 

_ consequent improvement in global function. 
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CONTRAINDICATIONS 

CARDIZEM is contraindicated in (1) patients with sick sinus syndrome except in the presence of a functioning ventricular pacemaker, (2) patients with 
second- or third-degree AV block except in the presence of a functioning ventricular pacemaker, (3) patients with hypotension (less than 90 mm Hg 
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WARNINGS 
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third-degree AV block (13 of 3,007 patients or 0.43%). Concomitant use of diltiazem with beta-blockers or digitalis mayresult in additive effects on 
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2. Congestive Heart Failure. Although diltiazem has a negative inotropic effect in isolated animal tissue preparations, hemedynamic studies in humans 
with normal ventricular function have not shown a reduction in cardiac index nor consistent negative effects on contractility (dpidt). An acute study of 
oral diltiazem in patients with impaired ventricular function (ejection fraction 24% + 6%) showed improvement in indices of ventricular function 
without significant decrease in contractile unction (dp/dt). Worsening of congestive heart failure has been reported in patients wth preexisting 
impairment of ventricular function. Experience with the use of CARDIZEM in combination with beta-blockers in patients with impaired ventricular 
function is limited. Caution should be exercised when using this combination. 

3. Hypotension. Decreases in blood pressure associated with CARDIZEM therapy may occasionally result in symptomatic hypotension. 

4. Acute Hepatic Injury. Mild elevations of transaminases with and without concomitant elevation in alkaline phosphatase and bilirubin have been 
observed in clinical studies. Such elevations were usually transient and frequently resolved even with continued diltiazem treatment. In rare instances, 
significant elevations in enzymes such as alkaline phosphatase, LDH, SGOT, SGPT, and other phenomena consistent with acute hepatic injury have 
been noted. These reactions tended to occur early after therapy initiation (1 to 8 weeks) and have been reversible upon discontinuation of drug 
therapy. The relationship to CARDIZEM is uncertain in some cases, but probable in some. (See PRECAUTIONS.) 
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Drug Interaction. Due to the potential for additive effects, caution and careful titration are warranted in patients receiving 
CARDIZEM concomitantly with any agents known to affect cardiac contractility and/or conduction. (See WARNINGS.) 
Pharmacologic studies indicate that there may be additive effects in prolonging AV conduction when using beta- 
blockers or digitalis concomitantly with CARDIZEM. (See WARNINGS.) 
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undergoes biotransformation by cytochrome P-450 mixed function oxidase. Coadministration of 
CARDIZEM with other agents which follow the same route of biotransformation may result in the 
competitive inhibition of metabolism. Dosages of similarly metabolized drugs such as 
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hepatic impairment, may require adjustment when starting or stopping concomitantly 
administered CARDIZEM to maintain optimum therapeutic blood levels. 
Beta-blockers: Controlled and uncontrolled domestic studies suggest that 
concomitant use of CARDIZEM and beta-blockers is usually well tolerated, 
but available data-are not sufficient to predict the effects of concomitant 7 
treatment in patients with left ventricular dysfunction or cardiac conduction abnormalities. 
Administration of CARDIZEM concomitantly with propranolol in five normal volunteers resulted in 
increased propranolol levels in all subjects and bioavailability of propranolol was increased 
approximately 50%. If combination therapy is initiated or withdrawn in conjunction with propranolol, an 
adjustment in the propranolol dose may be warranted. (See WARNINGS.) 

Cimetidine: A study in six healthy volunteers has shown a significant increase in peak diltiazem plasma 
levels (58%) and area-under-the-curve (53%) after a 1-week course of cimetidine at 1,200 mg per day and = 
diltiazem 60 mg per day. Ranitidine produced smaller, nonsignificant increases. The effect may be mediated 

by cimetidine’s known inhibition of hepatic cytochrome P-450, the enzyme system probably responsible D 
for the first-pass metabolism of diltiazem. Patients currently receiving diltiazem therapy should be carefully =- 
monitored for a change in pharmacological effect when initiating and discontinuing therapy with mom 
cimetidine. An adjustment in the diltiazem dose may be warranted. 

Digitalis: Administration of CARDIZEM with digoxin in 24 healthy male subjects increased plasma digoxin 
concentrations approximately 20%. Another investigator found no increase in digoxin levels in 12 patients 
with coronary artery disease. Since there have deen conflicting results regarding the effect of digoxin levels, 
it is recommended that digoxin levels be monitored when initiating, adjusting, and discontinuing CARDIZEM 
therapy to avoid possible over- or under-digitalization. (See WARNINGS.) 

Anesthetics: The depression of cardiac contractility, conductivity, and automaticity as well as the 
vascular dilation associated with anesthetics may be potentiated by calcium channel blockers. When 
used concomitantly, anesthetics and calcium olockers should be titrated carefully. 

Carcinogenesis, Mutagenesis, Impairment of Fertility. A 24-month stucy in rats at oral dosage levels of up 
to 100 mg/kg/day, and a 21-month study in mice at oral dosage levels of up to 30 mg/kg/day showed no 
evidence of carcinogenicity. There was also no mutagenic response in vitro or in vivo in mammalian cell 
assays or in vitro in bacteria. No evidence of impaired fertility was observed in a study performed in male 
and female rats at oral dosages of up to 100 me/kq/day. 

Pregnancy. Category C. Reproduction studies have been conducted in mice, rats, and rabbits 
Administration of doses ranging from five to ten times greater (on a mg/kg basis) than the daily 
recommended therapeutic dose has resulted in embryo and fetal lethality. These doses, in some 
studies, have been reported to cause skeletal abnormalities. In the perinatal/postnatal studies, there 
was an increased incidence of stillbirths at doses of 20 times the human dose or greater. 

There are no well-controlled studies in pregnant women; therefore, use CARDIZEM in pregnant women 
only if the potential benefit justifies the potentia risk to the fetus. 

Nursing Mothers. Diltiazem is excreted in human milk. One report suggests that concentrations in breast 
milk may approximate serum levels. If use of CARDIZEM is deemed essential, an altemative method of infant 
feeding should be instituted. 

Pediatric Use. Safety and effectiveness in children have not been established, 
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ONE TO TRUST 


FOR MILD TO MODERATE HYPERTENSIVE PATIENTS 


ADVERSE REACTIONS 
Serious adverse reactions have been rare in studies carried out to date, but it should be recognized 
that patients with impaired ventricular function and cardiac conduction abnormalities have usually 
been excluded from these studies. 
The adverse events described below represent events observed in clinical studies of hypertensive 
patients receiving either CARDIZEM Tablets or CARDIZEM SR Capsules as well as experiences 
observed in studies of angina and during marketing. The most common events in hypertension 
studies are shown in a table with rates in placebo patients shewn for comparison. Less common 
events are listed by body system; these include any adverse reactions seen in angina studies that 
were not observed in hypertension studies. In all hypertensive patients taking CARDIZEM Tablets or 
CARDIZEM SR Capsules studied (over 900), the most common adverse events were edema (9%), 
headache (8%), dizziness (6%), asthenia (5%), sinus bradycardia (3%), flushing (3%), and first- 
degree AV block (3%). Only edema and perhaps bradycardia and dizziness were dose related. 
DOUBLE BLIND PLACEBO CONTROLLED HYPERTENSION TRIALS 


ADVERSE DILTIAZEM PLACEBO 

N=315 N=211 

# PTS (%) # PTS (%) 
Headache 38 (12%) 17 (8%) 
AV Block First Degree 24 (7.6%) 4 (1.9%) 
Dizziness 22 (7%) 6 (2.8%) 
Edema 19 (6%) 2 (0.9%) 
Bradycardia 19 (6%) 3 (1.4%) 
ECG Abnormality 13 (4.1%) 3 (1.4%) 
Asthenia 10 (3.2%) 1 (0.5%) 
Constipation 5 (1.6%) 2 (0.9%) 
Dyspepsia 4 (13%) 1 (0.5%) 
Nausea 4 (1.3%) 2 (0.9%) 
Palpitations 4 (1.3%) 2 (0.9%) 
Polyuria 4 (1.3%) 2 (0.9%) 
Somnolence 4 (1.3%) = 
Alk Phos increase 3 (1%) 1 (0.5%) 
Hypotension 3 (1%) 1 (0.5%) 
Insomnia 3 (1%) 1 (0.5%) 
Rash 3 (1%) 1 (0.5%) 
AV Block Second Degree 2 (0.6%) = 





The following table presents the most common adverse reactions reported in placebo-controllec 
trials in patients receiving CARDIZEM CD up to 360 mg with rates in placebo patients shown fo 
comparison. 





CARDIZEM CD PLACEBO 
ADVERSE REACTION N=324 N=175 
HEADACHE 9.0% 8.0% 
BRADYCARDIA 4.3% 2.3% 
EDEMA 3.7% 2.3% 
DIZZINESS 3.1% 3.4% 
ECG ABNORMALITY 3.1% 2.9% 
AV BLOCK FIRST DEGREE 2.2% - 
ASTHENIA 1.9% 1.7% 





In clinical trials of CARDIZEM CD Capsules, CARDIZEM Tablets, and CARDIZEM SR Capsules involving 
over 3000 patients, the most common events (ie, greater than 1%) were edema (4.9%), headache 
(4.9%), dizziness (3.5%), asthenia (2.7%), first-degree AV block (2.2%), bradycardia (1.6%) 
flushing (1.5%), nausea (1.4%), rash (1.3%), and dyspepsia (1.2%) 


In addition, the following events were reported infrequently (less than 1%). 

Cardiovascular: Angina, arrhythmia, AV block (second- or third-degree), bundle branch block 
congestive heart failure, ECG abnormalities, hypotension, palpitations, syncope, 
tachycardia, ventricular extrasystoles. 

Nervous System: Abnormal dreams, amnesia, depression, gait abnormality, hallucinations, insomnia, 
Nervousness, paresthesia, personality change, somnolence, tinnitus, tremor. 

Gastrointestinal: Anorexia, constipation, diarrhea, dry mouth, dysgeusia, mild elevations of SGOT, 
SGPT, LDH, and.alkaline phosphatase (see hepatic wamings), thirst, vomiting, weight increase. 

Dermatological: Petechiae, photosensitivity, pruritus, urticaria. 

Other: Amblyopia, CPK increase, dyspnea, epistaxis, eye irritation, hyperglycemia, hyperuricemia, 
impotence, muscle cramps, nasal congestion, nocturia, osteoarticular pain, polyuria, sexual 
difficulties. 

The following postmarketing events have been reported infrequently in patients receiving 

CARDIZEM: alopeca, erythema multiforme, exfoliative dermatitis, extrapyramidal symptoms, Ses 

hyperplasia, hemolytic anemia, increased bleeding time, leukopenia, purpura, retinopathy, and 

thrombocytopenia. In addition, events such as myocardial infarction have been observed which are 

not readily distinguishable from the natural history of the disease in these patients. A number ol 

well-documented cases of generalized rash, characterized as leukocytoclastic vasculitis, have been 

reported. However, a definitive cause and effect relationship between these events and CARDIZEM 
therapy is yet to be established. 

HOW SUPPLIED 

CARDIZEM® CD (diltiazem hydrochloride) is available as capsules of 180 mg, 240 mg, and 300 mg in 

bottles of 30.and 90, and in UDIP® packages of 100. 

CARDIZEM® SR (diltiazem hydrochloride) is available as sustained release capsules of 60 mg, 90 mg, 

and 120 mg in bottles of 100, and in UDIP® packages of 100. 


Product Information as of October 1991 





References: 1. Data on file, Manon Merrell Dow Inc. 2. Andrén L, Haglund P, Dotevall A, et al. Am. 
Cardiol. °98B,69:114G-190G. 3. O'Rourke RA. Am J Cardiol. 1985;56:34H-40H. 4. Amodeo C 
Kobnn |, Ventura HO, Messerli FH, Frohlich ED. Circulation. 1986;73(1): 708-113. 5. Demarie BK, Bakris GL 
Ann Intern Med. 1990;113(12):987-988. 6. Sunderajan S, Reams G, Bauer JH. Am Heart J. 1987;114 
383-388. 7. Isshiki T Amodeo C, Messerli FH, Pegram BL, Frohlich ED Cardiovascular Drugs anc 
Therapy. 1987;1:359-366. 8. Frishman WH, Zawada ET Jt, Smith LK, et al. Am J Cardiol. 1987;59:615-693 





CCDAE621/20021A2 


KANSA 


errs MO 


MARION MERRELL DOW INC. 
M | PRESCRIPTION PRODUCTS DIVISION 


bosila 





ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


— Correlations Among Time and Frequency Domain 
Measures of Heart Period Variability Two Weeks 
After Acute Myocardial Infarction 


J. Thomas Bigger, Jr., MD, Joseph L. Fleiss, PhD, Richard C. Steinman, AB, 
Linda M. Rolnitzky, MS, Robert E. Kleiger, MD, and Jeffrey N. Rottman, MD 


Seven hundred fifteen participants from a multi- 
center natural history study of acute myocardial 
infarction were studied (1) to determine the corre- 
lations among time and frequency domain mea- 
sures of heart period variability, (2) to determine 
the correlations between the measures of heart 
-period variability and previously established post- 
infarction risk predictors, and (3) to determine the 
predictive value of time domain measures of heart 
period variability for death during follow-up after 
acute myocardial infarction, Twenty-four hour 
electrocardiographic recordings obtained 11 + 3 
‘days after acute myocardial infarction were ana- 
lyzed and 11 measures of heart period variability 
were computed. Each of 4 bands in the heart peri- 
od power spectrum had 1 or 2 corresponding vari- 
ables in the time domain that correlated with it so 
strongly (r 20.90) that the variables were essen- 


‘tially equivalent: ultra low frequency power with 


-SDNN* and SDANN index,* very low frequency 
power and low-frequency power with SDNN in- 
dex,” and high-frequency power with r-MSSD* 
and pNN5O.* As expected from theoretical consid- 
erations, SDNN and the square root of total power 
were almost perfectly correlated. Correlations be- 
tween the time and frequency domain measures of 
heart period variability and previously identified 
postinfarction risk predictors, e.g., left ventricular 
ejection fraction and ventricular arrhythmias, are 
remarkably weak. Time domain measures of heart 
period variability, especially those that measure 
ultra low or low-frequency power, are strongly 
and independently associated with death during 
follow-up. 

* Defined in Table Il. 
(Am J Cardiol 1992;69:891-898) 
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normal RR intervals over 24 hours (SDNN) pre- 
dicts all-cause mortality after myocardial infarction 
independently of the major risk factors identified by 


|: 1987, we showed that the standard deviation of 


the Multicenter Post Infarction Program (MPIP), ie., 


New York Heart Association functional class, pulmo- 
nary rales in the coronary care unit phase of the infarc- 
tion, radionuclide left ventricular ejection fraction, and 
the frequency of ventricular arrhythmias.! However, 
SDNN measures all sources of heart period variability 
and thus provides little insight into the physiologic 
mechanisms causing risk. Power spectral analysis of 
heart period variability has been used to evaluate the 
autonomic nervous system in normal human subjects? 
and in patients after myocardial infarction.* In 1992, we 
reported that several frequency domain (power spectral) 
measures of heart period variability are also significant- 
ly associated with death during follow-up after myocar- 
dial infarction.’ Other time domain measures of heart 
period variability have been suggested as predictors of 
mortality, but have not been evaluated in a large patient 
group.® The purposes of this study were (1) to deter- 
mine the correlations among time and frequency do- 
main measures of heart period variability, (2) to deter- 
mine the correlations between the measures of heart pe- 
riod variability and previously established postinfarction 
risk predictors, and (3) to determine the predictive val- 
ue of time domain measures of heart period variability 
for death during follow-up after myocardial infarction. 


METHODS 

~ Study design: To measure heart period variability 
after myocardial infarction, we reanalyzed the 24-hour 
continuous electrocardiographic recordings from the 
MPIP, a longitudinal study that enrolled 867 patients 
from diverse geographies and categories of hospitals.’ 
Left ventricular function, arrhythmia and myocardial 
ischemia were assessed 2 weeks after myocardial infarc- 
tion and related to mortality during 2 to 4 years of fol- 
low-up. These features make the results of MPIP widely 
generalizable to the general population of patients with 
recent myocardial infarction in the United States. The 
details of enrollment, measurement of baseline vari- 
ables, quality control procedures, and follow-up for 
MPIP have been described previously.” 

Processing of 24-hour Holter tapes: The 24-hour 
electrocardiographic recordings were reprocessed for 
heart period variability using recently described meth- 
ods.?"!! Briefly, 24-hour recordings were A/D converted 
on a Marquette 8000 scanner at 128 samples per sec- 
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TABLE Reasons Tapes Were Excluded from the Study 
Tape not recorded 









<- Tape deteriorated in storage 36 
-insufficient data” 48 
Atrial fibrillation 7 
Other rhythm disturbance 14 





*To qualify, a tape was required to have 12 hours or more of analyzable data with 
> 2.5 hours of analyzable data during the nighttime period (50%) and > 7.0 hours of 
analyzable data during the daytime period (50%). Atleast half the data had to be simis 
rhythm. during the nighttime period, during the daytime period, and overall 





ond. Initial QRS labeling and editing were done with 
the standard Marquette algorithms (version 5.7 soft- 
ware). Then, the data files were transferred via high 
speed link from the Marquette scanner to a Sun work- 
station where, using algorithms developed at Columbia 
University, a second stage of editing was done to find 
and correct errors that could adversely affect measure- 
ment of heart period variability.!? For a tape to be eligi- 
ble for this study we required that it have 212 hours of 
analyzable data and have at least half of the nighttime 
and half of the daytime periods analyzable. Also, at 
least half of the daytime, half of the nighttime and half 
of the data overall had to be sinus rhythm. Tapes from 
152 patients were not analyzed for heart period variabil- 
ity for the reasons listed in Table I. 
Ton Frequency domain analysis of normal RR intervals: 
After the second stage of editing and review of the re- 
sults by a cardiologist, the heart period power spectrum 





was ‘computed ower a 24-hour interval using a method 


first described by Albrecht and Cohen’? and adapted by 
Rottman et al.' First, a regularly spaced time series 
was derived from the RR intervals by sampling the ir- 
regularly spaced series defined by the succession of nor- 
mal RR intervals in each 24-hour recording. For each 
time series 2'8 points were sampled at equal intervals; 
for a recording exactly 24 hours long, the sampling in- 
terval was 329 ms. A “boxcar” low-pass filter with a 
window twice the sampling interval was then applied. 
Gaps in the time series resulting from noise or ectopic 
beats were filled in with linear splines. A fast Fourier 
transform was computed and the resulting power spec- 
trum was corrected for the attenuating effects. of both 
the filter and the sampling. For a 24-hour recording, the 
effective frequency range for this method is from 1.157 
x 1075 to 0,800 Hz (periods of seconds to hours). Five 
frequency domain measures of heart period variability 
were computed. by integrating over their frequency in- 
tervals (defined in Table II). In addition, we calculated 
the ratio of low- to high-frequency power, a measure 
that has been used as an indicator of sympathovagal 
balance.? High values. for the ratio indicate. predomi- 
nance of sympathetic nervous activity. 

Time domain measures. of heart period variability: 
From the time’series of normal RR. intervals, the 6 time 
domain measures defined in Table I] were calculated. 

Statistical methods: The frequency distribution of 
each variable was plotted and assessed for skewness us- 


TABLE If Definitions for Time and Frequency Domain Measures of Heart Period Variability 








ented AOA O | 
Definition 


Diference between the average of all the ‘normal 
RR intervals at night (24:00 to. 05:00). and 
the average of all the normal RR intervals dur- 
ing the day (07:30 te 21:30) 

Standard deviation of ali normal RR intervals in 
the entire 24-hour ECG recording 

Standard.deviation of the average normal RR 
intervals for all 5-minute segments of a 24- 
hour ECG recording (each average is weighted 
by the fraction of the 5 minutes that has nor- 
mal RR intervals) 

Mean of the standard deviations of all.normal RR 
intervals for all 5-rminute segments of a 24- 
hour ECG recording 

Root-mean-square successive difference (the 
square root of the mean of the squared differ- 
ences between adjacent normat RR intervals 
over the entire 24-hour ECG recording) 

Percentage of differences between adjacent nor- 
mal RR intervals that are > 50 ms computed 
over the entire 24-hour ECG recording 

The energy in the heart period power spectrum 
up to 0.40 Hz 

The energy in the heart period power spectrum 
up to 0.0033 Hz 

The energy in the heart period power spectrurn 
between 0.0032 and 0.04 Hz 

The energy in the heart period power spectrum 
between 0.04.and 0.15 Hz 

The energy in the heart period power spectrum 
between 0.15 and-0.40 Hz 

The ratio of low- to high-frequency power. . 





Variable 
Night-day difference Time ms 
SDNN Time ms 
SDANN index Time ms 
SDNN index Time ms 
-MSSD Time ms 
pNN5O Time percent 
Total power Frequency ms? 
| Ultra tow frequency Frequency ms? 
| power 
i Very low frequency Frequency ms? 
; power 
l Low frequency power Frequency ms? 
| High-frequency power Frequency ms? 
LE/HF ratio Frequency none 
4 


“EG = glectrocardiographic; HF = high frecuency; LF = 


low frequency, 
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oe ‘ing the value of the standardized third moment around 





the mean. If the distribution was markedly skewed, i.e., 
had a skewness coefficient exceeding 1.00, a logarithmic 


transformation was applied and the new frequency dis- 
tribution was plotted and examined again. In all cases, 
the logarithmic transformation did an excellent job of 
symmetrizing the skewed distributions (see Figure 1) 
and the log-transformed data were used for those statis- 
tical analyses that require data to have a reasonably 
normal (Gaussian) distribution. We constructed matri- 
ces of Pearson product-moment correlation coefficients 

to evaluate the associations among the measures of 
heart period variability or between measures of heart 
period variability and other important predictors of 


mortality. 


When testing hypotheses about the association be- 
tween | or more risk predictors and death, we used the 
P2L BMDP computer program" to perform Cox pro- 
portional hazards analyses.'* For ease of communica- 
tion and for eventual clinical use, we dichotomized the 6 
‘time domain measures of heart period variability when 
estimating their association with mortality. For each, 
we determined the dichotomization point that maxi- 
mized the hazard ratio from a Cox regression model!4 
for comparing patients below the cut point (expected to 
be at high risk) with those at or above it (expected to be 
at low risk). 

To determine whether any of the 6 time domain 
measures of heart period variability was significantly as- 
sociated with mortality, and ‘to estimate their relative 
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strengths of association, we evaluated each measure sep- 
arately, after dichotomization, ina pair of Cox propor- 
tional hazards survival models.!* First, in a univariate 
analysis, each measure was analyzed as the sole predic- 
tor of mortality. Second, 5 covariates known to predict 
mortality — age, New York Heart Association func- 
tional class, rales in the coronary care unit phase of in- 
farction, left ventricular ejection fraction, and 24-hour 
average frequency. of ventricular arrhythmias — were 
added to the model to test. whether the measure of heart 
period variability predicted mortality independently of 
the covariates. 

For the Cox analysis that adjusted for other risk pre- 
dictors, the measures of heart period variability were 
dichotomized to provide ease of interpretation, but the 
covariates were coded to provide the best fitting model 
to predict mortality.>!5 l 

Statistical significance was assessed by referring Z, 
the estimate of the regression coefficient B divided by 
its standard error, to the standard normal distribution. 
The strength of association between a measure of heart 
period variability and a mortality end point was evaluat- 
ed using exp(B), which can be interpreted as a relative 
risk for the given. measure. 

Mortality end points: We estimated the association 
between the 6 time domain measures of heart period 
variability and 3 mortality end points: death from all 
causes, cardiac death, and. arrhythmic death by the 
Hinkle-Thaler definition.'® When mortality of all causes 
was the end point, patients were included in the analysis 
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FIGURE 1. The distribution of the components of total power: from left to right, ultra low frequency power (<0,0033 Hz); very 
few frequency power (0.0033 to 0.04 Hz); low-frequency (LF) power (0.04 to 0.15 Hz); and high-frequency (HF) power (0.15 to 





0.40 Hz). top row, frequency distributions with the original units of measurement on the X axis, i.e., ms. The Y axis is the pro- 
portion of the 715 patients with the given value on X. Note that the frequency distributions all are skewed to the right. bottom 
‘ Tow, frequency distributions of the natural logarithm of the same frequency domain variables. Note that the frequency distribu- 


— tions of the logarithmic transformations have a more Gaussian distribution. 
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-| TABLE III Corre ations Among Measures of Heart Period Variability(n=715) = 000 : 
Night-Day Ln Total LaAULF SDANN OLnVLFoSDNN oin tF in oo oka Un AF. un LF/HF 
Difference SDNN Power Power index Power- Index. Power: -MSSD -pNN5O.- Power . Power 


Night-day difference 1.00 














SDNN 0.71 1.00 

Ln Total power 0.68 0.96 1.00 

Ln ULF power 0.71 0.95 0.99 1,00 

SDANN index 0.75 0.98 0.94 0.96 1.00 

LA VEF power 0.43 0.78 0.82 0.75 0.68 1,00 

SDNN index 0.44 0.82 0.79 0.71 0,79 0.99 1.00 

Ln LF power 0.42 0.72 0.75 0.67 9.61 0.91 0.89 1.00 

Ln r-MSSD 0.28 0.62 0.58 0,52 0.51 0.60 0.78 0.65 1.00 

Ln pNN50 0.27 0.57 0.56 0.50 9.49 0.59 0.71 0.64 0.93 1,00 

Ln HF power 0.35 0.67 0.66 0.59 0.57 0.70 0.82 0.77 0.92 0.89 1.00 


Ln LF/HF power 0.17 0.20 0.26 0.23 9.17 0.45 0.25 0.49 -0.25 -0.22 -0.18 ¥.00 
Ln = natural logarithm; other abbreviations as in Table i. 











as long as they were known to be alive. In analyses of Correlations between the measures of heart period 
cause-specific mortality, patients who died of other variability: Table III presents correlations between fre- 


causes were censored at the time they died. quency and time domain measures of heart period vari- 
ability. Power in each band in the frequency domain has 
RESULTS a corresponding variable in the time domain that corre- 


Transformation of heart period variability vari- lates so strongly with it (r =0.90) that the 2 variables 
ables: Figure 1 shows the distributions of the 4 compo- are essentially equivalent: ultra low frequency power 
nents of total power and illustrates the effect of log with SDNN and SDANN index, very low frequency 
transformation in the 715 patients we studied. All of the power and low-frequency power with SDNN index, and 
untransformed frequency domain distributions are posi- high-frequency power with r-MSSD and pNN50. Cor- 
tively skewed, as are the distributions for 2 time domain relations this strong between 2 variables suggest that 
measures, r-MSSD and pNNSO (see explanation in Ta- the 2 variables can be used interchangeably when being 
ble II). The distributions of the transformed variables related to a third variable such as death. As expected 
have approximately normal distributions and therefore from theoretical considerations, SDNN and the square 
are suitable for parametric statistical procedures, such root of total power for a 24-hour interval are almost 
as the f test, analysis of variance and correlation/regres- perfectly correlated (see Figure 2), and the regression 























sion analyses. line essentially has a slope of 1 and an intercept of 0. 
This indicates that the manipulation of the data and the 
| calculations involved in the power spectral analysis did 
7 not distort the data. 
200 -4 R=0.998 Bee There are 3 natural clusters among 10 of the 12 
| : variables in Table HI: (1) SDNN, SDANN index, total 
power, and ultra low frequency power; (2) very low fre- 
150- quency power, low-frequency power, and SDNN index; 
z J and (3) high-frequency power, r-MSSD and pNN50. 
A Interestingly, the ratio of the power in the low-frequen- 
D a) cy band to the power in the high-frequency band does 
not correlate strongly with any of the other measures of 
50-4 heart period variability, even those that are used to cal- 
04 - TABLE IV Percert cf Total Power in the Components of the 
T T T pae T ü $ A ; ’ =? 
0 50 100 150 200 Heart Period Power Spectrum (n = 715) — 
Square Root of Total Power Frequency 2 





Component Range (Hz) <- Mean SD Mediam First Third 





FIGURE 2. The relation between the standard deviation of the ULF power  <9.0033 82 + 8 83 
normal RR intervals (SDNN) and the square root of total pow- VLF power 0.0033-0.04°° 12 +6 12 8 16 
we erin os on Woe en ao oumbanr bier e LF power 004-015 443. 3 2 5 
relation is very close to the theoretically expected relation, i-e., HF power 0.15-0.40 242 
intercept of O and slope of 1. Also, the correlation coefficient Abbreviations as in table i, 

is very close to 1. 
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TABLE V Correlation of Measures of Heart Period Variability with Established Postinfarction 

















Rales Average 
in the Loil + Normal 
ccu LVEF VPC/hour) RR Interval 
-0.18 0.18 -0.17 0.21 

~0.25 0.27 ~0.18 0.56 
~0.27 0.28 ~0.20 0.56 
~0.25 0.26 —0.19 0:52 
~0.32 0.30 ~0.21 0.58 
~0.22 0.26 ~0.17 0.50 
~0.32 0.31 ~0.22 0.48 
~0.29 0.27 -0.18 0.59 
~0.17 0.21 ~0,12 0.56 

~0.17 0.22 -0.13 0.51 

-0.23 0.25 ~0.19 0.57 

~0.18 0.13 -0.09 ~0.04 








culate the ratio. Also, the night-day difference does not 


< correlate strongly with other measures of heart period 
variability, but correlates moderately with variables that 
measure low frequency events — SDNN, SDANN in- 

: dex, total power, and ultra low frequency power. 
‘Components of the heart period power spectrum: 


be Table IV partitions the total power into 4 components: 


ultra low, very low, low-, and high-frequency power. 
Most of the total power, >80%, is in the ultra low fre- 
quency band (<0.0033 Hz). On the average, the 2 
‘bands of the power spectrum with known physiolo- 
«gic significance, i.e., low-frequency and high-frequency 
ower, comprise 4 and 2%, respectively, of the total 
power in the 24-hour heart period power spectrum. Be- 














Risk Predictors and with the Average Normal RR Interval (n = 715) 

NYHA 
Functional 
Age Class 
Night-day difference ~0,22 -0.13 
SONN ~0.22 ~0,14 
Ln Total power ~O.21 ~0.15 
Ln ULF power ~O18 -0.14 
SDANN index ~ 0.28 ~0.18 
Ln VLF power -0,18 ~0.13 
SDNN index -0.34 ~0.18 
Ln LF power ~0.31 ~0.14 
La r-MSSD -0.15 ~0.04 
Li pNN50 -0.16 -0.05 
Lo HF power. -0.23 -0.08 
Ln LF/HF power -0.20 ~0.18 
ventricular premature complexes; other abbreviations as in Tables i! and Hi. 


CCU = coronary care unit; LVEF = left ventricular ejection fraction; NYHA = New. York Heart Association; VPC = 








Variable 


Night-day difference in normal 
RR intervals 
SDNN 
SDANN index 
SDNN index 
r-MSSD 
pNN50 


Abbreviations as in Table Ti. 








TABLE VI Cut Points for Time Domain Measures of Heart 
Period Variability Used for Analysis of Mortality (n = 715) 


Below Cut Point 











TABLE VII Association of Time Domain Measures of Heart Period Variability with 
All-Cause, Cardiac and Arrhythmic Mortality 
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Mortality 
Ali Causes (119 deaths) Cardiac {88 deaths) Arrhythmie (68 deaths) 
Relative Relative Relative 
Variable ae Riskt zt Riskt z* Riskt 
Unadjusted for Other Risk Predictors (n = 715) 
4 
Night-day difference 3.41 1.9 2.98 1.9 3.05 2.1 
SDNN 5.95 3.3 5.11 3.3 4,57 3.4 
SDANN index 6.67 4.0 5.52 3.9 4,68 3.8 
SDNN index 5.79 3.2 5.31 3.5 4,43 3.3 
rMSSD 3.08 1.9 3.65 2.3 2.91 2.1 
pNN50O 3.34 2.0 4.05 2.6 3.28 24 
Adjusted for Five Other Risk Predictorst (n = 673) 
anaes 

Night-day difference 1,52 1.4 0.79 1.2 1.19 1.4 
SDNN 1,99 1.6 1.47 15 1.48 1.6 
SDANN index 3.23 2.1 2.64 2.0 2.40 21 
SONN index 2.19 1.6 1.93 17 1.64 1.6 
t-MSSD 1.10 1.3 1.59 1:5 1.14 1.4 
pNNS50 1.48 1.4 2.22 17 1.83 17 





*Z 196.p 0,05; 2 22.580: <0.01;Z 23:30, p <0.001. 


+Relative risk = probability of dying if below the cut Pani? probability of dying ifabove'the cut point. i 
Age; New York Heart Association functional class, tales in the coronary care unit, left ventricular ejection fraction, and 


frequiericy of ventricular arrhythmias. 
Abbreviations as in Table H 








Cut 
Units Point No. % 
ms 40 178 24.9 
ms 50 103 14.4 
ms 40 81 11.3 
ms 20 108 I5.1 
ms 15 163 22.8 
% 0.75 130 18.2 
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high-frequency bands, it is possible to obtain a poor cor- 


: ~~ relation between the power in either of these bands and 
total power, SONN, or SDANN. 


2 Correlations between heart period variability and 
: other postinfarction risk predictors: The correlations 
between time and frequency domain measures of heart 
period variability and previously identified postinfarc- 
tion risk predictors are remarkably weak (Table V). No 
r value even reaches 0.40. This lack of correlation pro- 
vides ample opportunity for measures of heart period 
variability to improve the fit of multivariate models for 
predicting risk of death. The 24-hour average normal 
RR interval, which is not an important risk predictor, 
has a modest correlation (r values about 0.50) with all 
measures of heart period variability except the night- 
day difference and the ratio of low- to high-frequency 
power. 
Prediction of mortality using time domain variables: 
Table VI lists the 6 variables we evaluated, their units, 
their optimal cut points, and the numbers of patients in 





cause of the small fraction of total power in the low- or the groups categorize as | 









ving low values for the vari: 
able. Table VII lists, for each measure of heart period 
variability, the Z scores and relative risks for the associ- 
ation with the 3 mortality end points determined using 
Cox regression analysis unadjusted for any covariates. 
All 715. patients were included in this analysis. The 
measures of heart period variability were dichotomized 
(Table VI). Each time domain measure of heart period 
variability had a significant (p <0.05) and most had a 
strong univariate association (relative risk 22) with 
each of the mortality end points. SDANN index, which 
is strongly associated with ultra low frequency power, 
had a significant and strong association with all 3 mor- 
tality end points. SDNN index, which is strongly associ- 
ated with very low frequency and low frequency power, 
also had a significant and strong association with each 
of the 3 mortality end points. r-MSSD and pNN50, 
which are strongly associated with high-frequency pow- 
er, had a significant and moderately strong association 
with the 3 mortality end points, but the associations 
ere weaker than for the other variables. Im a multivari- 
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FIGURE 3. Survival curves for patients in the high or low category for 4 time domain measures of heart period variability, 
SDANN index, SDNN index, and r-MSSD and SDNN, using all-cause mortality as the end point. These curves were fitted by 
Cox's method for the 673 patients who had adequate Holter data and values for all 5 covariates. Thick lines represent 


ed heart period variability data, thin lines represent data 


unadjust- 
for the covariates: age, New York Heart Association function- 


po snc etme aang Seve gn en dnd coma Ais ernie aE a 
each panel, the top 2 curves are tor patients in the high category and the lower 2 are tor patients in the low category: The num- 
bers of patients at the start of follow-up, and the numbers known to be alive and being followed after 1, 2 and 3 years were as 
follows: high SDANN index (240 ms) — 596, 546, 506, 228; low SDANN index (<40 ms) — 77, 60, 49, 21; high SDNN index. 
(220 ms) — 573, $31, 492, 221; low SDNN index (<20 ms) —- 100, 75, 63, 28; high r-MSSD (215 ms) —-522, 477, 440, 
208; low r-MSSD {<15 ms) — 151, 129, "115, 41; high SONN (>50 ms) — 577, 527, 490, 223; low SDNN (<50 ms) — 96, 


78, 65, 26. 
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ate Cox regression analysis using a step-up approach to 


o _ evaluate the independent association of the time domain 
_ measures of heart period variability with death of all- 


causes (not adjusted for the covariates), SDANN index 


was selected first, i.e., had the strongest association with 


‘death, and SDNN index was selected second. With 
SDANN and SDNN indexes in the Cox regression 
model, the addition of the other variables, singly or to- 
gether, did not significantly improve the prediction of 
all-cause mortality. 

Prediction of mortality using time domain variables 
adjusting for previously described postinfarction risk 
predictors: Figure 3 shows survival curves for 4 time 
domain components of heart period variability calculat- 
ed using the Cox regression method before and after 
adjusting for the 5 covariates. Table VII lists, for each 
measure of heart period variability, the Z scores and 
relative risks for the 3 mortality end points, determined 
using Cox regression analysis to adjust for the 5 risk 
predictor covariates. The 673 patients who had an ade- 
quate Holter recording and measurements on all 5 co- 
variates were included in this analysis. Measures of 
heart period variability were dichotomized (Table VI). 
After adjustment, some of the variables were no longer 
significantly associated with mortality. The association 
between all-cause mortality and SDNN, and SDANN 
and SDNN indexes remained significant and moderate- 
ly strong, whereas r-MSSD and pNN50 were only 
weakly associated with mortality after adjustment. 


DISCUSSION 
_. Patterns of correlations among measures of heart 
period variability: There are strong correlations be- 
tween frequency and time domain measures of heart pe- 
riod variability. The patterns of correlations are infor- 
mative. For every band of the 24-hour heart period 
power spectrum, there is a strong correlation (~0.90) 
with at least 1 time domain measure of heart period 
variability, indicating that they may be controlled by 
similar influences. In the power spectral literature, the 
physiologic significance of high- and low-frequency 
power has been delineated. High-frequency power is a 
pure vagal signal and its frequency is modulated by the 
frequency of breathing. Low-frequency power is a 
mixed vagal and sympathetic signal and its amplitude is 
increased by either increases in vagal tone or increases 
in sympathetic activity, especially when the autonom- 
ic nervous system is participating in arterial barore- 
flexes.” Low- and high-frequency powers have a mod- 
erate correlation (r = 0.77). In an experiment conduct- 
ed in normal human subjects, we showed that low- and 
high-frequency power increase in parallel when vagal 
: tone is increased by atenolol treatment.!’ Also, we 
showed that low- and high-frequency power decrease in 
parallel during silent myocardial ischemia in ambulato- 
“ry patients with known coronary heart disease; this find- 
ing was interpreted as withdrawal of vagus nerve activi- 
_ty.!® These findings suggest that, over a 24-hour period, 
both low- and high-frequency bands in the heart period 
_ power spectrum predominantly reflect parasympathetic 












activity. However, short-term measurement (e.g., over 5 
minutes) of the heart period power spectrum in con- 
junction with controlled barostress provides important 
information about the sympathetic nervous system. 

In normal subjects, a change in posture from lying to 
standing? or head-up tilt from 0° to 90°? causes a de- 
crease in the high-frequency power and a substantial 
increase in the ratio of low- to high-frequency power, 
indicating a decrease in vagal modulation of the RR 
interval and an increase in sympathetic nervous system 
activity. This interpretation is strengthened by the re- 
sponse to 6-adrenergic blocking drugs which prevent, or 
markedly attenuate, the increase in the ratio of low- to 
high-frequency power with postural stress.24+ The find- 
ings in this study show that some of the time domain 
measures of heart period variability also are influenced 
by autonomic nervous system activity; SDNN index 
provides similar information to low-frequency power 
and r-MSSD and pNNSO provide information similar 
to high-frequency power. 

Potential for heart period variability to predict 
death and its mechanisms after myocardial infarction: 
Since time domain measures of heart period variability 
are strongly associated with frequency domain measures 
(already shown to predict mortality’), it is no surprise 
that time domain measures also predict mortality in the 
3 years after myocardial infarction. Which measures of 
heart period of variability are to be used is largely a 
matter of objectives and convenience. For risk stratifica- 
tion, ultra low frequency power, very low frequency 
power, SDNN, SDANN index, and SDNN index pro- 
vide the best prediction. For mechanistic studies, low- 
frequency power, SDNN index, high-frequency power, 
t-MSSD and pNN50 provide insight into the status of 
the autonomic nervous system. 
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The actuarial survival of 60 consecutive recipients 
of the implanted cardioverter defibrillator (ICD) 
were compared with 120 matched concurrent 
medically treated patients using a case-control de- 
sign. All ICD patients and controls presented with 
either sustained ventricular tachycardia or ven- 
tricular fibrillation. Controls were matched to ICD 
recipients according to 5 variables: age, left ven- 
tricular ejection fraction, arrhythmia at presenta- 
tion, underlying heart disease and drug therapy 
status. Mean ages were 58 and 59 years in ICD 
patients and controls, and the average ejection 
fractions were 36 and 35%. Coronary artery dis- 
ease was present in 75 and 79% of ICD patients 
and controls, respectively. During follow-up, sud- 
den deaths were fewer in ICD recipients than in 
controls (5 vs 10%, p <0.01). At 1 and 3 years, 
actuarial survival was 0.89 vs 0.72 and 0.65 vs 
0.49 for ICD recipients and controls. The 5-year 
actuarial survival curves were significantly differ- 
ent by the Cox proportional hazards model (p 
<0.05). It is concluded that in this retrospective 
case-control study, the use of the ICD in the man- 
agement of patients at risk for sudden death re- 
sults in improved probability of survival. 

(Am J Cardiol 1992;69:899-903) 
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pears to be effective in preventing sudden cardiac 
death due to recurrent life-threatening ventricu- 

lar dysrhythmias.'* There have been no prospective 
controlled studies to define the impact of the device on 
patient survival.? A retrospective analysis showed a de- 
creased mortality with the use of the ICD in a subset of 
patients presenting with poorly tolerated tachyarrhyth- 
mias.* To date, the efficacy of the device has been in- 
ferred by 2 methods. The first is based on the low inci- 
dence of sudden death recurrence.>-? Whether reduction 
in the rate of sudden death results in altered patient 
survival or quality of life is unclear from data of this 
nature, although comparisons have been made to other 
descriptive studies that used other therapies. The sec- 
ond method compares the observed and hypothetical 
survivorships using device discharge as a substitute for 
out-of-hospital sudden death.?-!2 

Although future devices may allow storage and te- 
lemetry of the rhythm preceding an event, most models 
currently implanted do not allow assessment of the cir- 
cumstances surrounding an ICD shock. Although rea- 
sonable “rules”! have been developed with which to 
evaluate a discharge, there remains the concern that not 
all, even symptomatic, episodes of ICD discharge repre- 
sent a rescue from what would otherwise have been an 
episode of sudden cardiac death.!° Other investigators 
have found that 9 to 21% of discharges are for causes 
other than sustained ventricular tachyarrhythmias or 
ventricular fibrillation.>-!3 

We used a retrospective case-control technique to as- 
sess the impact of ICD insertion on patient survival. 


T» implanted cardioverter defibrillator (ICD) ap- 


METHODS 

The ICD patients in this study were the first 60 con- 
secutive ICD recipients to receive implants and followed 
up at Moffitt Hospital, University of California, San 
Francisco from March 1983 to January 1989. All pa- 
tients received an Intec Systems model B or a CPI 
(Cardiac Pacemaker, Inc., St. Paul, Minnesota) Ventak 
series ICD. 

The control patients were drawn from a database 
accumulated at the same institution consisting of >500 
patients presenting with sustained ventricular tachycar- 
dia or aborted sudden death who were treated medical- 
ly. Detailed characteristics and outcomes of the patients 
in this database who received amiodarone have been 
previously published.'* Each ICD patient was matched 
to 2 controls according to 5 clinical variables. Where 
>2 controls fitting the characteristics were available for 
matching, a random number table was used. Entry 
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L ICD = implantable cardioverter defibriliator. 


TABLE! (CD Patients and Their Controls: indications and Matching, , 
Indications fer ICD Implantation No. (%) Controls* No. Foliow-Up in Control Groupt o 05i | i 
Clinical recurrerice, amiodarone continued "12 120)  Giinical recurrence or amiodarone 24. Since recurrence 
Amiodarone toxicity, amiodarone discontin- 19(32) Discontinued amiodarone for toxicity, main- 38 ` Since discontinuation 
ued? tained on best alternate medical therapy i 
Poor prognosis amiodarone continued$ 18 (30) On amiodarone 36 Since starting amiodarone, ICD added to 
therapy shortly after initiation of amio- 
darone in ICD patients 
As primary therapy, not on amiodarone 11(18) On amiodarone 22 Since starting amiodarone 
Total 60 (100) 120 | 
*AILICD patients were matched to controls according to age (+5 years), ejection fraction (+ 2%), heart disease and presenting arrhythmia. 
tFollaw-up among the ICD group is trom the time of implantation. 
{Seventeen patients with pulmonary and 2 with neurologic amiodarone toxicity. 
§Eight patients with nonsustained ventricular tachycardia on monitor, and 10 with poorly tolerated induced arrhythmias. 
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dates for controls ranged from January 1979 to Decem- 
ber 1987. 

Matching variables: The variables used for match- 
ing were age (+5 years), left ventricular ejection frac- 
tion (+ 5%), type of underlying heart disease, present- 
ing arrhythmia (sustained ventricular tachycardia or 
sudden cardiac death) and drug therapy status (see next 
paragraph). 

To control for selection bias due to dissimilarities in 
response to antiarrhythmic drugs, we matched ICD re- 
cipients and controls in a category termed drug therapy 
status. ICD patients received their defibrillator for | of 
4 indications: (1) development of amiodarone toxicity 
that required its discontinuation, (2) recurrence of a 
clinically significant arrhythmic event while receiving 
amiodarone, (2) presence of what was considered to 
represent poor prognostic signs of sudden death despite 

„amiodarone therapy, or (4) as therapy of first choice. 
Defibrillator recipients who had as their indica- 
tion for implantation the development of amiodarone 
toxic effects (most frequently pulmonary toxicity) were 
< matched to controls who also had discontinued amioda- 
pone because of adverse effects but received another 
medical therapy. Patients who had an ICD added to 
: their amiodarone therapy because of a clinical arrhyth- 
mia recurrence while taking amiodarone were matched 
to controls who also had a recurrence of their dysrhyth- 
mia but did not receive an ICD. In both of these sub- 
groups, controls and ICD patients had received amioda- 
rone for a similar period of time before the event which 
dictated implantation of the ICD. 
-Some ICD patients received an ICD shortly after 
starting amiodarone because of concern that they repre- 
“gented.a group at particular risk. Early in the study, this 
was established by the presence of poor left ventricular 
function and nonsustained ventricular tachycardia on 
ambulatory monitoring while treated with amioda- 
rone.'5!© Recently, the induction at electrophysiology 
study of a poorly tolerated ventricular tachyarrhythmia 
while receiving amiodarone has been used to identify a 
group with a poor prognosis warranting implantation of 
an ICD.'7-!9 These patients had all received a net of 
10 to-12 g of oral/intravenous amiodarone before the 
study. Our ICD patients were. matched with controls 
having similar characteristics but who did not receive an 
ICD. 


A final group received ICD as initial therapy. This 
most often occurred in patients with minimal structural 
heart disease or at the patients’ request. These patients 
were matched to controls treated with amiodarone. 

For ICD patients, follow-up was initiated from the 
time of implantation of the ICD and include intra- and 
perioperative deaths. No one died while awaiting a 
scheduled ICD. Follow-up for controls was begun from 
the point at which an ICD would have been implanted 
(i.e., clinical recurrence or toxicity requiring discontinu- 
ation). 

Statistical amalysis: Actuarial survival curves were 
constructed for controls and ICD patients.” The overall 
probability of survival was estimated using a Cox pro- 
portional hazards model.*! Patients were withdrawn 
from further analysis when they reached the end of 
their actual follow-up period or if the device was re- 
moved for any reason. 


RESULTS 

Among the ICD recipients, 19 received their device 
after toxicity necessitated discontinuation of amioda- 
rone. Pulmonary toxicity was present in 17 patients, and 
neurotoxicity in 2. Twelve patients received their device 
because of a clinical recurrence while receiving amioda- 
rone. All 12 continued to take amiodarone after the 
ICD was implanted. Eighteen patients received their de- 
vice because of concerns over their poor prognosis. This 
included 8 patients with low ejection fractions who con- 
tinued to have nonsustained ventricular tachycardia af- 
ter oral loading with amiodarone, and 10 patients with 
poorly tolerated induced arrhythmias at invasive elec- 
trophysiologic study after amiodarone loading. Finally, 
11 received their device as primary therapy. Of these, 2 
patients were also receiving 8 blockers (Table I). 

No ICD patients or controls received surgical or 
catheter ablative procedures for the treatment of their 
arrhythmia. The 38 controls who discontinued amioda- 
rone for reasons of drug toxicity were maintained on a 
variety of investigational or conventional antiarrhythmic 
medications. These were chosen either by serial electro- 
physiologic testing as those that led to the greatest 
slowing of induced arrhythmia or on the basis of sup- 
pression of ambient ectopy. The 24 controis who had an 
arrhythmia recurrence while taking amiodarone did not 
have systematic changes in drug therapy. All continued 
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to take amiodarone. The control subgroups who were 
matched to ICD patients who received an ICD for prog- 
_ nostic reasons or as primary therapy were taking amio- 
_darone as their sole antiarrhythmic therapy. 

- There were no significant differences between ICD 
patients and controls with respect to age, ejection frac- 
_ tion, presenting arrhythmia or underlying heart disease 





«(Table ID. Seventy-five percent of both groups had cor- 
onary artery disease and over half had an episode of 
aborted sudden death as their presenting clinical dys- 
rhythmia. The mean ejection fraction was 35 + 11% 
among controls and 36 + 12% for ICD patients, and 
both groups were largely concurrent. The mean year of 
entry into the study was 2.8 years later for ICD com- 
pared with control patients. Seventy-seven percent of 
controls were entered into the study during the same 
time period as ICD patients. 

During follow-up there have been 13 and 59 deaths 
among the ICD patients and their matched controls, re- 
- spectively. Death was sudden in 3 ICD recipients and in 
‘12 control patients (p <0.01 chi-square). 

Of the 13 deaths in the ICD group, 2 were perioper- 
ative. Congestive heart failure was the most frequent 
cause of death occurring in 7 patients. One patient died 
of complications from a stroke. Three deaths were sud- 
den and likely due to arrhythmias. In 2 patients, the 
devices were retrieved, were functional and had been 
discharged since the previous clinical evaluation. Only 
one of the sudden deaths occurred in the first 24 months 
of follow-up in the ICD group. The actuarial survival 

curves for both sudden and all-cause death in the ICD 
_ group are shown in Figure 1. 
The cumulative probability of survival (all causes of 
death) between the 2 groups is compared in Figure 2. 
The 1- and 3-year actuarial survival for ICD recipients 
was 0.89 and 0.65. The l- and 3-year actuarial survival 
for controls was 0.72 and 0.49. The mean follow-up was 
23.5 + 19.7 months for controls (mean + SD, range 1 
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FIGURE 1. Actuarial survival- among the 60 recipients of an 
implantable cardioverter defibrillator. Upper solid curve de- 
sudden 


vival for the entire group. The numbers at the top of the graph 
refer to the number of patients available for follow-up in the 





TOTAL = total mortality. 
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: | 
TABLE ii Comparison of ICD Recipients and Their Controls | 
i ICD Recipients Controls q 
(n = 60) (hs 120) 
Age (yr) 58 + 15 59+ 14 
Ejection fraction (%) 36+ 12 35+ 11 
Heart disease (%) 
CAD 75 79 
IDC 20 15 
Arrhythmias (%) 
_ ASD 59 57 
VT 41 43 
Follow-up (mos) 18.5 + 15,1 23,5 + 19,7 
ASD = aborted sudden death; CAD = coronary artery disease; ICD = implanted 
alae defibrillator, IDC = idiopathic dilated cardiomyopathy; VT = ventricular 





i rat 





to 98, median 20) and 18.5 + 15.1 months for the ICD 
recipients (range | to 70, median 15). 

By the Cox proportional hazards model there was a 
significant difference between the 2 survivorships when 
followed to 60 months (1 sided test, Z= —1.87, p 
<0.05). Figure 2 shows that the 2 curves diverge in 
their initial portions and converge by 40 months. 

Subgroup analysis was performed for ICD recipients 
and their matched controls with an ejection fraction. > 
and <25%. The trend of the results was similar to those 
illustrated in Figure 2, although differences were not 
significant. There was also a trend toward a greater 
benefit in survival among the ICD subgroup who dis- 
continued amiodarone compared with controls managed 
with other medical therapy after discontinuation of ami- 
odarone. 


DISCUSSION 
This study has shown that implantation of the ICD 
has a significant impact on mortality among a group.of 
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FIGURE 2. Actuarial survival between the 2 groups. Upper 
solid curve describes the probability of survival in the implan- 
table cardioverter defibrillator (ICD) group and is a reproduc- 
tion of the lower curve of Figure 1. Lower shaded curve de- 
scribes the probability of survival among the 120 matched 
controls, The numbers at the top of the graph refer to the 
number of patients available for follow-up in the ICD group 
(top row) and in the control group (bottom row) in 6-month 
intervals. See text for discussion. CONTROLS = controls 
matched to ICD cases. 
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-patients with impaired left ventricular function (mean 
ejection fraction of 35%). The only other study to com- 
pare survival between ICD recipients and a control pop- 
ulation found a survival advantage in patients who had 
a poorly tolerated ventricular dysrhythmia at presenta- 
tion. That study included 21 patients treated with an 
ICD. and was, like the present study, performed at a 
single institution, and with physician preference and de- 
vice availability dictating who would receive an ICD. 

Our findings may not be applicable to all ICD recip- 
ients. This depends on the degree to which the cases in 
this report represent the population of patients for 
whom the ICD is indicated. Though the present report 
has a smaller number of ICD recipients, their survival is 
equivalent to larger series having a similar duration of 
follow-up. The overall actuarial survival of the ICD pa- 
tients (Figure 1) is 0.89, 0.78 and 0.65 at 12, 24 and 36 
months, respectively. This is comparable with survival 
rates of 0.87, 0.78 and 0.74 among 180 patients report- 
ed by Guarnieri et al,® though it is lower than the sur- 
vival of 0.91, 0.85 and 0.82 for the same times among 
the 270 ICD recipients reported by Winkle et al.> The 
latter may reflect differences in patient selection among 
implanting centers. Our 1-, 2- and 3-year actuarial 
probability of freedom from recurrent sudden death of 
0.98, 0.98 and 0.86 is also comparable to other pub- 
lished series.>~?! 

In addition to the similarities in both total and sud- 
den death mortality, the patients in this report were of 
similar. age and comparable ventricular function to 
those in larger series. In the study of Winkle et al> the 
average age of recipients was 58 + 12 years and their 
median ejection fraction was 34 + 15%, whereas in the 
series described by Guarnieri et alé the average age was 
55.years with a mean ejection fraction of 36%. 

Our results suggest that insertion of the ICD con- 
veys a survival advantage. Over time, this survival ad- 
vantage will dissipate and deaths due to progressive 
heart failure finally offset the gains made by prompt 
and effective prevention of sudden arrhythmic deaths. 
The point at which this occurs cannot be determined 
from our study owing to small sample size and limited 
follow-up duration. The meaning this has for optimal 
patient selection requires further exploration. 

One objective of this study was to control for medi- 
cal therapy. Half of the ICD and 68% of the control 
patients received amiodarone during the study period 
(Table I). Neither the ICD subgroup nor controls who 
had amiodarone toxicity received the drug during the 
study period. The study is a comparison of amiodarone 
versus the ICD only for the small group of 11 ICD pa- 
tients receiving their device as primary therapy. They 
were matched to controls receiving amiodarone as pri- 
mary therapy. This was done on the basis that amioda- 
rone represented the best medical alternative for these 
patients, !422.23 

In a retrospective study such as this, there may be 
other factors that dictated who would receive an ICD 
which are not compensated for by the matching process. 
This is especially true in the case of patients who re- 
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ceived investigational devices before approval of the. 
Food and Drug Administration and ready availability of- 
the ICD. In addition, there was a 2.8 year lag between 
the time of entry of ICD and patients into this study. 
This may mean that other important variables that af- 
fect mortality such.as use of 6 blockers, angiotensin- 
converting enzyme inhibitors, aspirin or type IC antiar- 
rhythmic agents may not have been equally divided be- 
tween the 2 groups. We have compared the 2 survival 
curves with appropriate weighting for the sample size at 
any one time but did not correct for these or other co- 
variables that may affect a study such as this. 

As a result, the clinical significance that can be in- 
ferred from the results of our study require verification 
in a larger prospective study. This is underscored by an 
earlier analysis with a smaller sample size that did not 
find a statistically significant difference in actuarial sur- 
vival between ICD recipients and controls.*4 In addi- 
tion, preliminary results from a prospective randomized 
study of the ICD failed to find a significant impact on 
survival compared with medical therapy.” 


Acknowledgment: We thank Dennis Black, PhD, 
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_ Head-Upright Tilt-Table Testing in 
Evaluation and Management of the | 
Malignant Vasovagal Syndrome 


-Blair P. Grubb, MD, Peter Temesy-Armos, MD, Joseph Moore, MD, Douglas Wolfe, MD, 
Harry Hahn, RN, and Laura Elliot, RN 


ie Vasovagally mediated cardiac asystole has been 
proposed as a potential cause of sudden cardiac 


death. To assess this possibility and identify char- 


acteristics that define patients with vasovagally 
mediated asystole, head-upright tilt-table testing 
was performed in 50 consecutive patients (26 
women and 24 men, mean age 42 + 10 years) 
with recurrent unexplained syncope. The upright 
tilt-table test was performed in the fasting state 
for 30 minutes, with or without the use of intrave- 
nous isoproterenol (1 to 3 yg/min). The production 
of ventricular asystole lasting >4 seconds was 
considered a positive result. Ail patients with tilt- 
induced asystole received therapy with either 6 
blockers, disopyramide, transdermal scopolamine 
or atrioventricular permanent pacing, the efficacy 
of which was evaluated with serial tilt-table tests. 
Reproducible tilt-induced asystole occurred in 10 
patients (7 men and 3 women, mean age 23 + 12 
years) (7 patients during baseline tilt, and 3 dur- 
ing isoproterenol infusion). Analysis of this group 
revealed that they had significantly more frequent 
and severe syncopal episodes (3 patients had epi- 
sodes needing bystander cardiopulmonary resusci- 
tation) than did those patients with tilt-induced 
syncope without asystole. All patients who had 
tilt-induced asystole eventually became tilt-table 
negative with therapy (4 with 6 blockers, 2 with 
disopyramide, and 4 with atrioventricular perma- 
nent pacing), and over a mean follow-up of 21 + 6 
months no further syncopal episodes occurred. It 
is concluded that patients with recurrent tilt-in- 
duced asystole represent a distinct subgroup that 
has recurrent severe syncope that may mimic or 
result in sudden cardiac death. Head-upright tilt- 
table testing is clinically useful in the diagnosis of 
this malignant vasovagal syndrome and in the 
evaluation of prophylactic therapy. 

(Am J Cardiol 1992;69:904-908) 
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Ithough originally thought to be a benign disor- 

der,! Milstein et al? reported that episodes of 

life-threating cardiac asystole may occur as an 
extreme manifestation of vasovagal syncope and may 
lead to or mimic the sudden cardiac death syndrome. 
Maloney et al? used the term malignant vasovagal syn- 
cope to describe this subgroup of patients. The present 
study investigated the clinical use of head-upright tilt- 
table testing in the identification of patients with the 
malignant vasovagal syndrome and examined the out- 
comes of pharmacologic versus pacemaker therapy. 


METHODS 

Fifty consecutive patients (26 women and 24 men, 
mean age 42 + 10 years, range 8 to 62) with history of 
recurrent syncope of unexplained origin were included 
in this study. Patients were included in this study if they 
had =2 episodes of syncope during the preceding 6 
months, the cause of which remained unknown despite 
a thorough history and physical examination, a 12- 
lead electrocardiogram, ambulatory electrocardiograph- 
ic monitoring, exercise tolerance test, echocardiography, 
and a complete neurologic examination that included an 
electroencephalogram and computed axial tomography 
of the brain. Sixteen patients also underwent magnetic 
resonance imaging of the brain. In addition to noninva- 
sive studies, 7 patients underwent coronary angiogra- 
phy, and 18 underwent electrophysiologic studies. The 
exact details of these investigations are described else- 
where.’ Each patient also underwent carctid sinus mas- 
sage for 5 seconds on each side of the neck separately 
with continuous electrocardiographic monitoring (a pos- 
itive test was considered as the production of ventricular 
asystole lasting >3 seconds). 

The tilt-table test was performed in the fasting state. 
All cardioactive medications were terminated 25 half- 
lives before the study. Each patient was connected to a 
standard cardiographic monitor for continuous evalua- 
tion of heart rate and rhythm, and a standard sphygmo- 
manometer was used for blood pressure measurements. 
After baseline measurements of heart rate and blood 
pressure, each patient was positioned at an angle 80° 
from horizontal for up.to 30 minutes on a tilt table with 
a foot board made for weight bearing. Blood pressure 
measurements were obtained every 3 minutes, and elec- 
trocardiographic monitoring was performed continuous- 
ly. If bradycardia or hypotension, or both, developed 
during the tilt, the table was rapidly lowered to the su- 
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TABLE 1 Response to Head-Upright Tilt | 
Length of “| 
eee : Standing Time Asystole 
se Total No. of in Phase Causing During Tilt 
Co ‘Age (yr) Syncopai Tilt-Table Phase Causing Asystole (sec) 
Pt. & Sex Episodes Asystole (tilt (/tilt iD (min) (tit /tiit iD (tiit Lift H) Therapy 
1 14M 4 Baseline/baseline 25/18 6/7 p blocker 
2 19M 8 Baseline/baseline 13/12 10/8 Pacemaker + ergotarine 
3 23M 12 Baseline/baseline 10/8 8/5 Pacemaker + ergotamine 
4 15F 5 Baseline/isoproterenol (1 g/min} 28/21 5/7 B blocker 
5 35M 7 Baseline/ baseline 18/12 12/8 Pacemaker 
6 8M 8 Isoproterenol (1 pa/min)/isoproterenol (1 g/min) 20/15 7/5 Pacemaker 
7 22F 4 Isoproterenol (1 pg/min)/isoproterenol (2 g/min) 17/3 6.5/7 Disopyramide 
8 32M 4 Baseline/— Tile Tf~ Disopyramide 
9 40M 10 Baseline/— 4j- 36/— B blocker 
10 26F 5 isoproterenol (1 .g/min)/isoproterenol (1 wg/min) 21/6 6.5/4 B blocker : 
ad 









pine position, and the study was ended. If no syncope 
occurred during the initial tilt, the table was lowered to 
the supine position for 5 minutes, and an intravenous 
infusion of isoproterenol was begun at | ug/min and 
continued for 5 minutes with the patient supine. Head- 
upright tilt was then performed as described previously 
for a period of 30 minutes. If the result of the test was 
again negative, the patient was returned to the su- 
pine position, isoproterenol infusion was increased to 2 
ug/min, and head-upright tilt was again performed. If 
no syncope occurred, isoproterenol infusion was in- 
creased to 3 wg/min, and upright tilt was again per- 
formed. For the purpose of this study, a positive test was 
defined as the occurrence of ventricular asystole lasting 
>4 seconds associated with loss of consciousness. 
. Therapeutic trials: Each patient with prolonged 
“-asystole or complete heart block induced during head- 
upright tilt-table testing received medical therapy and 
underwent subsequent tilt-table studies to assess the ef- 
ficacy of therapy. The following agents were used in this 
order: metoprolol (50 mg orally) twice daily, transder- 
mal scopolamine patch every 3 days, and sustained re- 
lease disopyramide (100 mg orally) twice daily. Re- 
study was performed 4 to 14 days after the initiation of 
therapy. Failure was defined as recurrence of syncope at 
the same phase as in the initial study, and success was 
-defined as the prevention of syncope. Testing was termi- 
nated when a therapy was found that prevented upright 
_ tilt-induced syncope. If the aforementioned agents were 
‘unsuccessful in preventing upright tilt-induced syncope 
or if the patient was intolerant to the medication, a tem- 
porary atrioventricular pacemaker was placed percuta- 
neously through the right subclavian vein, and tilt test- 
ing was again performed. Separate tilt studies were per- 
formed with ventricular pacing only at 70 pulses/min 
and later during atrioventricular sequential pacing at 70 
pulses/min. If temporary pacing was shown to be effec- 
tive in preventing upright tilt-induced syncope, the 
patient then underwent permanent atrial ventricular 
(DDD) pacemaker insertion. Two days after insertion, 
these patients underwent head-upright tilt-table testing 
again with pacing rates set at 70 puises/min: In patients 
with a dual-chamber pacemaker who continued to have 








hypotension during head-upright tilt, a 2 mg dose of 
sublingual ergotamine tartate was administered as pro- 
dromal symptoms developed during head-upright tilt. 

Statistical analysis: Statistical analysis was used. to 
document the response of patients with recurrent synco- 
pe to tilt-table testing, and to determine if they could be 
distinguished based on their response to tilt-table test- 
ing. Patients were grouped according to whether they 
had asystole or syncope during the tilt-table procedure. 
Kruskal-Wallis 1-way analysis of variance by ranks was 
used to compare the groups according to severity of 
symptoms based on the number of syncopal episodes 
within the 6 months before the study. All study results 
are expressed as mean + SD, and a p value <0.05 was 
considered statistically significant. 


RESULTS 

Of the 55 patients examined in this study, 10 had 
positive tests as defined by the production of ventricular 
asystole lasting >4 seconds associated with loss of con- 
sciousness. Twenty-five patients had syncope during up- 
right tilt testing associated with hypotension or brady- 
cardia, or both, but without asystole. The 10 patients 
with tilt-induced asystole included 7 men and 3 women, 
mean age 23 + 12 years. Nine of these patients had no 
evidence of organic heart disease or cerebrovascular dis- 
ease on noninvasive study, and 1 had evidence of mitral 
valve prolapse on echocardiography. The resting electro- 
cardiogram was normal in all 10 patients. Electrophysi- 
ologic study was normal in the 4 patients who under- 
went this procedure, and the coronary arteries were nor- 
mal in the 1 who underwent angiography. Each patient 
with tilt-induced asystole had a long-standing history of 
severe syncopal symptoms. Comparison of these 10 pa- 
tients with the 25 who had tilt-induced syncope without 
asystole, and with the 15 tilt-negative ones showed that 
those with asystole had significantly more episodes in 
the 6 months before the study (6.7/patient with asys- 
tole, 4.2 with tilt-induced syncope without asystole, and 
2.4 with tilt negative; p <0.001). 

In the patients with tilt-induced asystole,: clinical 
syncopal episodes were described as a sudden. complete 
loss of consciousness that occurred without. warning, 
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and lasted between 1 and 8 minutes (based on eyewit- 
ness accounts). Each of the 10 patients had had some 
form of bodily injury during syncope, including frac- 
tures of the wrist, arms, skull and nose. Three patients 
had received bystander cardiopulmonary resuscitation 
for several minutes during episodes, but were awake and 
in sinus rhythm when paramedic personnel arrived. Two 
patients were in motor vehicle accidents and lost con- 
sciousness while driving. In contrast, only 1 of the 25 
patients with tilt-induced syncope without asystole had 
ever had bodily injury, and none had ever undergone 
bystander cardiopulmonary resuscitation or lost con- 
sciousness while driving. 

Responses to head-upright tilt (Table 1): In response 
to head-upright tilt-table testing alone (baseline), 7 pa- 
tients developed syncope associated with ventricular 
asystole lasting >4 seconds (Figure 1). Mean time to 
syncope was 12 + 11 minutes. The remaining patients 
were asymptomatic, with appropriate heart rate and 
blood pressure responses to the baseline tilt. In response 
to the graded isoproterenol infusion, 3 other patients de- 
veloped asystole during infusion of 1 ug/min. Mean 
time to syncope in these 3 patients was 19 + 2 seconds. 
Mean asystolic period in all 10 patients was 10 + 9 
seconds. In 8 of the 10 patients, a second drug-free tilt- 
table test was performed. In each of these patients, asys- 
tolic episodes could be reproduced, although 2 needed 
higher levels of provocation than during the initial study 
(Table 1). Two patients had spontaneous syncopal epi- 
sodes while being monitored in the hospital after the 
initial head-upright tilt-table study. Each of these pa- 
tients was documented to have prolonged asystole dur- 
ing spontaneous syncopal episodes (12 seconds in 1, and 
22 seconds in the other). 

Responses to therapy: Of the 10 patients with tilt- 
induced asystole, 6 could be successfully managed by 
pharmacotherapy alone, 4 with 8 blockers, and 2 with 
disopyramide. Not all drugs were tested in each patient. 

“Transdermal scopolamine was not tolerated in 3 pa- 
tients due to side effects (blurred vision, dry mouth and 
altered mental states). 

Four patients needed permanent pacemaker inser- 
tion. In each of these patients, ventricular pacing alone 
was not as effective as atrioventricular sequential pacing 
in preventing head-upright tilt-induced syncope. In 2 of 
these patients, atrioventricular sequential pacing did not 
completely prevent head-upright tilt-induced syncope 
from occurring. Rather, the episodes were converted 
from a sudden dramatic loss of consciousness that 
would occur without warning (i.e., “drop attacks”) to a 








gradual decrease in blood pressure over a 10-minute pe- 
riod, which the patient was easily able to perceive at its 
onset. In these.2 patients, the sublingual administration 
of a 2 mg sublingual ergotamine tartate tablet (Ergo- 
stat) completely aborted the hypotensive episode. After 
a mean follow-up of 21 months, no patient who was tilt- 
table negative by pharmacotherapy or pacing had had 
any further full syncopal episodes, and each was able to 
resume a normal life. The 2 patients who were adminis- 
tered sublingual ergotamine tartate have had to use it to 
abort syncopal episodes (3 occasions in 1, and 4 in the 
other) with complete success. 


DISCUSSION 

Previously, vasovagal syncope was assumed to be a 
benign disorder with a benign prognosis However, it 
has become increasingly apparent that there is a spe- 
cific subgroup of subjects in whom the disorder may 
cause major disability and potential death.” Although 
the most frequently documented cause of sudden death 
is ventricular tachyarrhythmia, severe bradycardia has 
been demonstrated as the cause of cardiovascular col- 
lapse in a small percentage of patients.®’ 

The present study demonstrated 2 important points. 
First, the head-upright tilt-table test (either alone or 
combined with isoproterenol infusion) successfully iden- 
tifies patients with vasovagally mediated asystole, and 
thereby allows better classification of the disorder. This 
group (whose disorder we have referred to as the malig- 
nant vasovagal syndrome) comprised subjects with re- 
current severe syncopal episodes often occurring without 
prodromata, which are disabling and may occasionally 
mimic sudden death. These patients demonstrate pro- 
longed periods of asystole during head-upright tilt-table 
testing lasting >4 seconds and averaging 10 + 9 sec- 
onds in duration (the 4-second cutoff was determined 
retrospectively). As was noted by patients during clini- 
cal episodes, the upright tilt-induced periods of asystole 
would occur with little or no prodromata and produce a 
sudden loss of consciousness. Furthermore, the head- 
upright tilt test produced findings identical to those seen 
during spontaneous syncope in patients who later passed 
out while being monitored in the hospital. The second 
important finding was that like most patients with head- 
upright tilt-induced vasovagal syncope, most with pro- 
longed asystole responded to pharmacotherapy, and a 
smaller number needed permanent pacemaker insertion. 
Furthermore, it was noted that atrioventricular sequen- 
tial pacing was far superior to ventricular pacing alone 
in the prevention of these episodes. 








FIGURE 1. An episode of tilt-induced asystole. 
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: The pathophysiologic mechanisms that result in va- 
sovagal (or neurally mediated) syncope are still poorly 
understood. In normal subjects, assuming an upright 
posture results in a sudden increase in venous pooling 

| that is usually compensated for by a reflex-controlled 
| -increase in heart rate and peripheral vasoconstriction. It 
is currently believed that a sudden, precipitous decrease 
In venous return to the heart can result in quite vigorous 
contractions of a nearly empty left ventricle, which in 
turn causes activation of a large number of afferent 
mechanoreceptors or C-fibers. This sudden rapid in- 
crease in afferent neural activity produces a centrally 
mediated paradoxic decrease in heart rate, and an in- 
crease in peripheral vasodilation, both of which result in 
further hypotension.23 Recent evidence suggested that 
the same mechanism produces a paradoxic cerebral va- 
soconstriction that may also contribute to the develop- 
ment of syncope. 

Head-upright tilt-table testing has been used to pro- 
voke the aforementioned reflexes in susceptible subjects 
through maximal venous pooling. A number of studies 
demonstrated that head-upright tilt-table testing is a 
reasonably sensitive, specific and reproducible test for 
vasovagal syncope.?"!? Furthermore, studies revealed 
that both heart rate and blood pressure transiently in- 
crease just before loss of consciousness.!3 Chosy and 
Graham! suggested that this reflects a transient in- 
crease in sympathetic catecholamine output just before 
syncope, Almquist et al!> demonstrated that susceptibil- 
ity to upright tilt-induced syncope may be facilitated by 
a low-level isoproterenol infusion. 

_ ‘Therapy: The various pharmacotherapies that were 
used to prevent further syncopal episodes were based 
on results of previous studies. 6)-adrenergic blocking 
agents, such as metoprolol, have been found to be effec- 
tive in some patients, presumably owing to negative ino- 
tropic effects that diminish the force of ventricular con- 
traction and thereby reduce the sudden baroreceptor 
activation.'°'6 Transdermal scopolamine is one of a 
number of vagolytic drugs that have been used to re- 
duce the enhanced vagal tone associated with these epi- 
sodes; however, there is some evidence that they may 
have a central action, as well3!3!7 Milstein et al!® 
showed that disopyramide (a compound that possesses 
both negative inotropic and anticholinergic effects) can 
be effective in preventing tilt-induced syncope. Lastly, 
permanent pacemaker implantation has been found to 
be effective in some cases when severe bradycardia is 
unresponsive to pharmacotherapy.>?-!9 
Milstein et al? suggested that pharmacotherapy may 
be effective in preventing further asystole episodes in 
these subjects, as it is in other nonasystolic patients with 
head-upright tilt-induced syncope. Our data suggests 
that this approach can be effective in many of these 
patients. However, as noted by Maloney et al, a num- 
ber of these patients may need permanent pacemaker 
insertion, with atrioventricular sequential pacing being 
more effective than ventricular pacing alone. Even per- 
x manent pacemaker placement may not totally prevent 
_ syncope, as noted in 2 of our patients. However, atrio- 

















ventricular sequential pacing was effective in converting 
sudden “drop attacks” to periods of slowly developing 
hypotension with definitive prodromata that the patient 
can recognize. In these patients, the administration of 
sublingual vasoconstrictive substances (such as ergot- 
amine tartate). appears to safely abort these episodes. 

Thus, because of the severity of symptoms, the re- 
producible asystole seen during head-upright tilt-table 
testing and the tendency to need permanent pacing as 
therapy, we believe that these patients constitute a dis- 
tinct subgroup with a disorder we have designated the 
malignant vasovagal syndrome.’ The use of this term 
seems appropriate when one considers the actual effects 
of prolonged asystolic periods on cerebral function, and 
the potential effect of sudden severe hypotension and 
asystole on myocardial function and vulnerability (i.e., 
prolonged asystole may lower the threshold for ventricu- 
lar fibrillation).237° Milstein et al? and Engle” postu- 
lated that severe vasovagal syncope may be a potential 
mechanism for sudden death in some subjects, and =3 
of our patients received bystander cardiopulmonary re- 
suscitation during episodes. 

As opposed to our previously reported patients,!? 
these demonstrated a much greater degree of functional 
impairment and disability, often hampering their edu- 
cation and impeding them from obtaining or maintain- 
ing employment. Furthermore, these recurrent sudden 
severe syncopal episodes place a serious psychologic 
burden on the patients and their families. Further stud- 
ies are needed to better define this subgroup of patients 
with recurrent syncope and to evaluate the long-term 
efficacy of various therapeutic modalities. 
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indications and Usage: Because of life-threatening side ettects and 
substantial management difficulties (See “Warnings” below) use only 
for heating documented. (He-threalening current ventricular 
fibrillation or recurrent hemodynamically unstable ventricular 
tachycardia that are unresponsive to- documented adequate doses of 
‘other antlarrhylhimics or when alternative agents are not tolerated. 


Controlled triais show 10 evidence that Cordarone favorably affects 
survival. 

For use.only by physicians familiar with and with access to tdirectly or 
via referral) all-available modalities for eating recurrent iile- 
threatening ventricular arrhythmias, including access to appropriate 
motitoring facilities and continuous electrocarciographic monitoring 
andielectrophysiologic techniques. Due te the ‘ie-threatening nature of 
the arrhythmias treated, potential interactions with prior therapy, and 
potential arrhythmia exacerbation, start Cordarone in a hospital setting. 
Contraindications: Severe sinus-node dystunction, with marked 
sinks bradycardia; 2nd- and 3rd-degree atrioventricular (AV) biock, 
episodes of bradycardia which cause syncope {axcept when used with a 
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Warnings: Cordarone is intended tor use only in patients 
with the indicated life-threatening arrhythmias because its 
use is accompanied by substantial toxicity. 


Cordarone has several potentially tata! toxicities, the most 
important of which is pulmonary toxicity (hypersensitivity 
pneumonitis or interstitial/ alveolar pneumonitis} that has 
fesulted in clinically manitest disease at rates as high as 
19 to 17%.in some series of patients with ventricular 
arrhythmias given doses around 400 mg/day, and as 
abnormal dittusion capacity without symptoms in a much 
js bl percentage of patients. Pulmonary toxicity has been 
about 10% of the time. Liver injury is common with 

Cordarone, but is usually mild and evidenced only by 
abnormal liver enzymes. Overt liver disease can occur, 
however, and has been fatal in afew cases. Like other 
antlarrhythmics, Cordarone can exacerbate the arrhythmia, 
eh. by making the a ia tess weil tolerated or more 

cult to reverse. This has occurred in 2-5% of patients in 
various serias, and significant heart block or sinus 

ardia has been seen in 2-5%. Mi of these events 

should be: manageabie in the proper clinical setting in most 
cases. Although the frequency of:such proarrhythmic 
events dows not appear greater with Cordarone than with 
many other agents used in this population, the effects are 
prolonged when they occur. 


Even in patients at high risk of arrhythmic death, in wham 
the toxicity of Cordarone is an acceptable risk, Cordarone 
poses management problems that could be lite- 
stening ‘In a population at risk of sudden death, so that 
re ‘effort should be made to utilize alternative agents 


The ditficutty of using Cordarone effectively and satel 
sell poses a significant risk to patients, Patients with the 
indicated: mias must be hospitalized while the 
foading dose of Cordarone is given, and a response 
genera iy requires at least one week, usually two or more. 
ause ab n and elimination are variable, 
maintenance-dose selection is ditficult, and it is not 
unusual to require dosage decrease or discontinuation of 
treatment. in a retrospective survey of 192 patients with 
ventricular tachyarrhythmias, 84 required dose reduction 
and 18 required at least temporary discontinuation because 
af adverse effects, and several series have reported 15 to 
20% overall frequencies of discontinuation dus to adverse 
reactions. The at which a previously controfied Nte- 
pelea archythmia will recur after discontinuation or 
gose adj is unpredictable, ranging from weeks to 
manths, The patient is obviously at great risk during this 
time.and may need prolonged hospitalization, Attempts to 





substitute antiarrhythmic agone when Cordarone 
must he will be made difficult hy the gradually, but 
anpredictadly, changing amiodarone burden. A 


| similar problem exists when Cordarone is not effective: it 
stili poses the risk ofan interaction with whatever 
| subsequent treatment is tried. 








PULMONARY TOXICITY: Cordarone may cause a syndrome of cough 
and progressive aspra with functional, radiographic, gailium-scan 
and pathological data consistent with pulmonary toxicity, frequency 
usually varies (rom 2-7 %6; but can be as bigh.as 10-17%. Thus. at start 
of therapy, pertorm baseline chest x-ray. and pulmonary-function tests, 
including diffusion capacity Repeat history, chysical exam (PE), and 
chest x-ray every 3-6 months, 

Preexisting pulmonary disease does noi appear ta increase risk of 
toxicity, however, prognosis is poorer # pulmonary toxicity develops 
Cordarone-induced pulmonary toxicity seems to result trom indirect 
(hypersensitivity pneumonitis) or direct (interstitial/alveolar 
pueumonitis) toxicity. 

Hypersensitivity pneumonitis usually appears early in therapy, 
rechallenge results in a more rapid and severe recurrence 
Bronchoalveniar lavage is procedure of choice to confirm diagnosis, 
made when a T suppressor/cytotoxic (CDS - positive) lymphocytosis 
nated. Treat with steroids and stop Condarore 


Interstitial/alveolar pneumonitis, characterized by diftuse alveolar 
damage, interstitial pneumonitis or fibrosis ir ung biopsies 
Prosphotipidasis (foamy cells, teamy macrophages} is present in most 
cases of Cordarone-induced pulmonary toxicity, however. this also 
occurs in approximately 50% of all Cordarone patients. Use these cells 
as therapy markers, not evidence of toxicity. E interstitial/alveotar 
pneumonitis is diagnosed, reduce dose or, preferably, withdraw 
Cordarone, especially it other acceptable antiarrhythmics are available. 
Where these measures were instituted, symptoms usually decreased in 
the first week. most clinical improvement was in first 2-3 weeks. Chest 
X-ray changes usually resolve in 2-4 months. Some experts feel 
sreroids may be helpful. Prednisone (40-60 mg/day} of equivalent 
doses of olier steroids have- been used and tapered over several weeks. 
At times rechallenge ata lower dose will not result in return of toxicity. 
Reports suggest lower jaading and maintenance doses are associated 
with a lower incidence of pulmonary texicity. 

ln Cordarone patients, any new respiratory symptoms suggest a 
possibility of pulmonary toxicity; repeat and avaluate history. PE, chest 





X-ray, and pulmonary-dinction teste (with diffusion capacity}, A 15% 
dectease in diffusion capacity has ahigh sensitivity but only a 
moderate specificity for pulmonary toxicity, as decreases in diffusion 
capacity approach 30%, sensitivity decreases bu! specificity increases. 
A diagnostic gallium scan may also-be performed. 

Fatalities from pulmonary toxicity occur in about 10% of cases. 
However, whan life-threatening arrhythmias exist, stop 

Cordarone (amiodarone HC!) cautiqusly { drug-induced pulmonary 
toxicity is suspected. As the most cummon cause of death in these 
patients is sudden cardiac death, rat rule oul other causes of 
respiratory impairment. Bronchoalveolar lavage ar lung biopsy may be 
necessary to confirm the diagnosis, especially when there is no 
acceptable alternative therapy 


It hypersensitivity pneumonitis is diagnosed. step Cordarone and treat 
with steroids. if Cordarone-induced interstitial/aiveolar pneumonitis is 
diagnosed, start steroids and, preferably, stop Cordarone or, minimally, 
reduce the dose. Some cases may resolve after dose reduction and 
steroid use. Sometimes, rechallenge at lower doses did not result in 
return of interstitial/alveolar pneumonitis, however, pulmonary lesions 
are irreversible in some 


WORSENED ARRHYTHMIA: Coraasone may cause serious 
exacerbation of a presenting arrhythmia, possibly enhanced by 
concomitant antiarrhythmic therapy. Exacerbation (about 2-5% in most 
series}, includes new ventricular ‘brillation, incessant ventricular 
tachycardia, increased resistance tc cardioversion, and Torsade de 
Pointes. Cordarone has caused symptomatic bradycardia or sinus 
arrest with suppression of escape taci in 2-4% af patients 

LIVER INJURY: Increased hepatic enzymes, mostly asymptomatic, are 
seen frequently. Consider discontinuation or dose reduction if increase 
exceeds 3 times normal, or dow 1 patient wilh elevated baseline 
Rarely, hepatic failure has been fai 
PREGNANCY — PREGNANCY CATEGORY D Gerdaron 
(increased fetal resorption and growth retandatica) iri rat 
the maximum recommended oral re 
seen in one mice strain at about 1/7 ther 
maintenance dose of higher. but set in a 
doses up to 9 times the maximmurn sec: 
Neonatal hypo- or hyperthyroidism in utero exposute can cause 
fetal harm. There are some reports of congenita: gorter/ hypothyroidism 
and hyperthyroidism. lf used anytieie duning pregnancy apprise patient 
of potential fetal hazard. in general use during pregnancy only if 
potential benefit to the mother justies unkrows fetal risk 


Precautions 


CORNEAL MICRODEPOSITS, IMPAIRMENT OF VISION: Corneal 
microdeposits appear in a majority of adults on Cordarone. Usually 
discernible only by slit-lamp, up te 10% of patiants have symptoms 
like visual halos of blurred vision. Micradeposits are reversible if dose 
seduced or treatment stopped; if asymptomatic. no need to reduce dose 
of stop drug. 

PHOTOSENSITIVITY: Seen in about 10% of patents; sun-barrier 
creams or protective clothing may afford same rotection. On long- 
term henan, may have a blue-gray skin discoloration of exposed skin 
Fait complexion or axcess sun exposure May increase risk, also may 
be related to cumulative dose and therapy duration 


THYROID ABNORMALITIES Cordarone inhibits conversion ot 
thyroxine (74) to triiodothyronine 47.) and may cause increased 
thyroxine, decreased Ta, and increased levels of inactive reverse Ta 
{rfa} in clinically euthyroid patients. Que to tts velease of inarganic 
iodine, or perhaps other reasons, Cordarone can cause either hypo- of 
hyperthyroidism, Monitor thyroid function before treatment and 
periodically thereafter, particularly in the elderly and those with history 
al thyroid nodules, goiter, or other thyraid dysfunction, Due to slow 
elimination of Cordarone and its rretabolites. high plasma iodide 
levels, altered thyroid function, and abrormal thyraid-function tests 
may persist for weeks or months alter withdrawal 


Aon oeat occurred in 2-4% of patients in most series, but in 8- 
10% in some. To treat, reduce Cordarone dose and/or give thyroid 
hormone supplement. Individuaiiaa therapy, may need to stop 
Cordarone 

Hyperthyroidism occurs in about 2% of patients; incidence may be 
higher with prior inadequate dietary iocine intake. Cordarone-induced 
hyperthyroidism is usually a greater hazard than hypothyroidism due to 
possible arrhythmia breakthrough or aggravation. IF ANY NEW SIGNS 
OF ARRHYTHMIA APPEAR, THE POSSIBILITY OF HYPERTHYROIDISM 
SHOULD BE CONSIDERED. Fiat TSH response to TRH is confirmatory 
Since arrhythmia breakthroughs may accompany Cordarone-induced 
hyperthyroidism, aggressive medical treatmen’ is indicated, including, 
if possible, dose reduction or Cordarone withdrawal, Antithyroid drugs, 
Pi-blockers and/or temporary steroid therapy may be needed. (See full 
prescribing information for additianal information regarding treatment) 


SURGERY: Hypotension Postbypass: Rarely, hypotension is seen or 
cessation ol cardiopulmonary bypass during open-heart surgery in 
Cordarone patients, relationship to Casdaroneds unknown 

Adult Respiratory Distress Syndrome (ARDS): Rarely, ARDS 
occurs in Cordarone patients afte: surgery, Patients usually respond to 
vigorous respiratory therapy; rareiy, the outcome is fatal. The 
mechanism may be generation of superoxide radicals during 
oxygenation: therefore, keep operative FiO, as. close to room air as 
possible, 

LABORATORY TESTS: Elevated liver enzymes {SGOT and SGPT) can 
occur; monitor closely if high mantenance doses used. Consider dose 
reduction or stopping therapy if significant elevations persist or 
hepatomegaly occurs. 

Thyroid-tunction tests (increased Ta and reverse Ta, and decreased Ta) 
may be altered: despite these changes mast patients remain clinically 
euthyroid 

DRUG INTERACTIONS: Few drug-drug interactions have been explorec 
formally but most have shown ar interaction, Thus, anticipate ather 
interactions, especially drugs witn potentially serious toxicity, like othe: 
antiarrhythmics. With its long, variable hall-lite, a potential for 
interaction also exists with drugs given after stopping Cordarone 
Digitalis: Serum digoxin increases (by up to 70%) and may reach 
toxic levels; onset is about 1 day On initiation of Cordarone, 
review need for digitalis and reduce its dose by about. 50% 
or stop it. If digitalis continued. monitor serum levels closely and 
observe for toxicity. Precautions orabably alse apply to digiloxin. 
Anticoagulants: Potentiation ofwarlarintype anticoagulant response 
is almost always seen and can result in serious or fatal bleeding. 
Prothrombin time may increase tiy 109%: onset is 310 4 days. 
Reduce anticoagulant dose by 1/3 to 122, and monitor 
prothrombin times closely. 


Antiarrhythmic Agents: yh they have been used concurrently 
with Cordarone, steady-state levels of quinidine, procainamide, and 
phenytoin may increase during such combined therapy. Quinidine 
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fease by Soho within 2 days. 
Provainamide serum concentrations may increase by 55% (n-acetyl 
procainamide by 3390) m<-7 days. in general, reserve such 
combinations {or patients with lHe-Wreatening veatricular arrhythmias 
incompletely cesponsivedo asinigie agen, or incompletely responsive 
to Cordarone {amiodarone HOY, and start aay added antiarrhythmic at a 
lower than usual dose with-careful monitoring. Daring transter to 
Cordarone, reduce dose of previous agents 30-80% several days after 
adding Cordarone, when arrhythmia suppression:should be starting. 
Alter Cordarone effects are established, ciseontinue other 
antiarrhythmics if possible. |! freatment is maintained, continue 
monitoring carefully for adverse effects, especially conduction 
disturbances and exacerbation of tachyarrhythmias. in Cordarone 
patients requiring additional antiarrhythmic therapy, initial dose of such 
agents should be approximately 1/2 of the usual dose. 

Use Cordarone cautiously with (i-blockers or calcium antagonists as 
bradycardia, sinus arrest, and AV block may be potentiated; if 
necessary, Cordarone can continue after pacemaker insertion in 
patents with severe bradycardia or sinus arrest. 


ELECTROLYTE DISTURBANOES: May be ineffective or arrhythmogenic 
if hypokalemia is present; correct any potassium.or magnesium 
deficiency before starting drag. 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: 
Fertility reduced in male anc female rats at 8 x the highest 
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"Usefulness of Predischarge Electrophysiologic 
~ Study i in Predicting Late Outcome After Surgical 
Ablation of the Accessory Pathway in the 
Wolff-Parkinson-White Syndrome 


San-Jou Yeh, MD, Chun-Chieh Wang, MD, Fun-Chung Lin, MD, Jen-Ping Chang, MD, 
Chau- -Hsiung Chang, MD, and Delon Wu, MD 





A predischarge electrophysiologic study was per- 
formed in 113 patients with the Wolff-Parkinson- 
White (WPW) syndrome who had undergone surgi- 
cal ablation of the accessory pathway. The study 
was performed 5 to 20 (mean 10 + 3) days after 
surgery. There were 82 male and 31 female pa- 
tients (aged 4 to 58 years, mean 36 + 13). Sixty- 
one patients (54%) had manifest, 52 (46°) had 
concealed and 12 (11%) had multiple accessory 
pathways. All but 1 patient had atrioventricular 
reentrant tachycardia incorporating single or mul- 
tiple accessory pathways during the control elec- 
trophysiologic study. The accessory pathways 
were located in the left ventricular free wall in 
60% of cases, right ventricular free wall in 22%, 
posteroseptum in 13%, and anteroseptum in 5%. 
The predischarge electrophysiologic study showed 
that the accessory pathway was capable of an- 
_terograde and retrograde conductions in 4 pa- 
< tients (all with manifest WPW syndrome). Four pa- 
tients showed induction of supraventricular tachy- 
cardia, including 2 with atrioventricular reentrant 
tachycardia, and 2 with atrioventricular nodal re- 
entrant tachycardia. Recurrence of supraventricu- 
lar tachycardia was noted in 5 patients during a 
follow-up of 28 + 26 months. Of these 5 patients, 
2 had inducible and 3 had no inducible supraven- 
tricular tachycardia during the predischarge elec- 
` trophysiologic study. Thus, the predischarge elec- 
: trophysiologic study could predict late outcome 
4 -with recurrence of preexcitation or supraventricu- 
_ < Far tachycardia in patients who had undergone 
surgical ablation of the accessory pathway with 
an overall predictive accuracy of 95% (107 of 113 
patients), negative predictive value of 96% (103 
of 107), and positive predictive value of 67% (4 
of 6). 
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a cure for symptomatic patients with the Wolff- 

Parkinson-White (WPW) syndrome. It can 
achieve a high success rate with low mortality and mor- 
bidity in institutions with extensive experience in this 
procedure. Long-term follow-up data regarding the out- 
come of patients who underwent this procedure are 
scanty. Fischell et al’! reported that 98% of 45 consecu- 
tive patients with the WPW syndrome who. had under- 
gone surgical ablation of the accessory pathway were 
free of preexcitation-related arrhythmias over a mean 
follow-up of 3.1 years. Davis et al!? reported a 6-month 
success rate of 92% after surgery on 214 accessory path- 
ways in 174 patients. Success was determined by a late, 
6-month postoperative electrophysiologic study. In this 
report, we evaluate the long-term outcome of surgery 
and assess the value of the predischarge electrophysio- 
logic study in predicting the late outcome of patients 
undergoing surgical ablation of the accessory pathway. 


S urgical ablation of the accessory pathway provides 


METHODS 

Patients: From December 1980 to February 1991, 
123 patients with the WPW syndrome underwent surgi- 
cal ablation of the accessory pathway, because of re- 
current symptomatic tachyarrhythmias. A predischarge 
electrophysiologic study was performed in 113 patients 
(82 men and 31 women, age range 4 to 58 years mean 
36 + 13) who consented to the procedure. Sixty-one 
patients (54%) had manifest and 52 (46%) had .con- 
cealed WPW syndrome. All 113 patients had multiple 

clectrocardiographic documentation: of tachyarrhyth- 
mias, including supraventricular tachycardia in 80, atri- 
al fibrillation in 24, and atrial fibrillation and supraven- 
tricular tachycardia in the remaining 9. Organic heart 
disease was present in 12 patients. All but 1 patient had 
induction of atrioventricular reentrant tachycardia. in- 
corporating the accessory pathway for retrograde con- 
duction. Twelve patients (11%) had multiple accessory 
pathways, so that a total of 126 accessory pathways 
were operated on. The accessory pathways were located 
in the left ventricular free wall in 60% of cases, right 
ventricular free wall in 22%, posteroseptum in 13%, and 
anteroseptum in 5%, 

Electrophysiologic. study and surgical ablation: Al! 
113 patients had a preoperative electrophysiologic study 
to confirm the diagnosis of the WPW syndrome, deter- 
mine the location of the accessory pathway, identify the 
presence of multiple accessory pathways, and evaluate 
the mechanisms of the tachyarrhythmias. Details of the 
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slectophyeidlente study T were described previ- 
ously.!* Epicardial mapping was performed using a 
handheld electrode probe after exposure of the heart 
through a median sternotomy. The site of the earliest 
ventricular activation was verified during sinus rhythm 
or atrial pacing; the site of the earliest atrial activation 
was verified during ventricular pacing or atrioventricu- 
lar reentrant tachycardia. The surgical technique used 
in this series was the endocardial approach described by 
Gallagher, Sealy and their coworkers.! 4 After comple- 
tion of surgical dissection of the accessory pathway, a 
repeat electrophysiologic study was performed to ensure 
the success of surgery. The predischarge electrophysio- 
logic study was performed 5 to 20 days (mean 10 + 3) 
after surgery while the patient was on no antiarrythmic 
drugs. 

Surgical dissection as evaluated by predischarge 
electrophysiologic study was considered to be successful 
when there was no accessory pathway conduction in 
both the anterograde and retrograde directions, and 
when there was no induction of supraventricular tachy- 
cardia. It was considered to be unsuccessful when acces- 
sory pathway conduction was present in either the an- 
terograde or retrograde direction, or when there was in- 
duction of either atrioventricular reentrant or nodal re- 
entrant tachycardia. All 113 patients were followed up 
in the clinic with multiple recordings of electrocardio- 
grams at rest, 24-hour Holter monitoring and treadmill 
exercise testing. Mean follow-up duration was 28 + 26 
months. A diagnosis of late failure was obtained when 
ventricular preexcitation or supraventricular tachycar- 
dia was documented electrocardiographically. 

Data were expressed as mean + SD and were ana- 
lyzed using the Student f test for paired data. Sensitiv- 
ity, specificity, positive and negative predictive values, 
and total predictive accuracy were calculated using the 
predischarge electrophysiologic study as the reference, 
and the emergence of ventricular preexcitation or elec- 
trocardiographic documentation of supraventricular 
tachycardia as the standard for late failure. They were 
defined as follows: 


true positives 





Sensitivity = — ETT 
AY = true positives + false negatives 


true negatives 





Specificity = - Fe 
P “true negatives + false positives 


true positives 





Positive predictive value = ss : re 
true positives + false positives 


true negatives 





Negative predictive value = : : 
true negatives + false negatives 


true positives + true negatives 





Total predictive accuracy = om f 
P Y all positives + all negatives 


RESULTS 

Conduction properties and induction of tachycardia 
(Table Ij: Ventricular preexcitation was noted in 4 pa- 
tients during the predischarge electrophysiologic study. 
The longest atrial paced cycle lengths before surgery 
that produced second-degree accessory pathway block 
were 200, 280, 330 and 300 ms, respectively, and after 
surgery 280, 260, 400, and 260 ms, respectively. The 








longest atrial paced cycle length that produced second: 
degree atrioventricular nodal block could be compared 
in 67 patients before and after surgery GII + 41 ms 
before and 308 + 65 ms after surgery (p = not signifi- 
cant). The effective refractory period of the atrioven- 
tricular node could be measured in 27 patients. before 
and after surgery (297 + 50 ms before and 286 + 75 
ms after; p = not significant). 

Intact retrograde accessory pathway conduction was 
noted in 4 patients during the predischarge electrophysi- 
ologic study. All 4 patients had intact anterograde ac- 
cessory pathway conduction with ventricular preexcita- 
tion. The longest ventricular paced cycle lengths that 
produced second-degree ventriculoatrial block in the ac- 
cessory pathway were <280, <300, 360 and 280 ms, 
respectively, before surgery, and <280, <280, 360 and 
<280 ms, respectively, after surgery. Intact retrograde 
normal pathway conduction was noted in 63 patients, 
and absence of retrograde conduction was noted in the 
remaining 46. Two patients had induction of atrioven- 
tricular reentrant tachycardia; both had intact antero- 
grade and retrograde accessory pathway conductions. 
One patient had induction of sustained fast-slow form 
atrioventricular nodal reentrant tachycardia, and 1 had 
induction of nonsustained slow-fast form atrioventricu- 
lar nodal reentrant tachycardia. Fourteen patients had 
induction of fast-slow form atrioventricular nodal reen- 
trant echoes (<5 beats), and 2 had induction of 1 slow- 
fast form atrioventricular nodal reentrant echo. The 
remaining 93 patients had no induction of atrioventricu- 
lar or atrioventricular nodal reentrant echoes or tachy- 
cardia. 

Prediction of late outcome (Table II): Of the 107 pa- 
tients with surgical success as defined by the predis- 
charge electrophysiologic study, 3 had late electrocar- 
diographic documentation of supraventricular tachycar- 
dia, and 1 had ventricular preexcitation. The other 103 
patients were free of symptoms and had no ventricular 
preexcitation. Of the 6 patients with surgical failure as 
defined by the predischarge electrophysiclogic study, 4 
continued to have ventricular preexcitation, but only 2 
of these had documented supraventricular tachycardia. 
The other 2 patients without ventricular preexcitation, 
but with induction of atrioventricular nodal reentrant 
tachycardia had no documented supraventricular tachy- 
cardia during follow-up. Thus, sensitivity of the predis- 
charge electrophysiologic study in predicting late out- 
come was 50%, whereas specificity was 98%. Positive 
predictive value was 67%, negative predictive value 96% 
and total predictive accuracy was 95%. 


DISCUSSION 

Assessment of surgical outcome: The immediate 
outcome of surgery is usually evaluated using an intra- 
operative electrophysiologic study at the completion of 
the operation. If either anterograde or retrograde acces- 
sory pathway conduction is present, the surgery is re- 
peated until the accessory pathway is no longer con- 
ducting, However, the intraoperative electrophysiologic 
study can be misleading, because acute traumatic ede- 
ma, the cardioplegic solution and anesthetic agents can 
transiently suppress rather than permanently interrupt 
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ccessory y pailiway conduction. The predischarge elec- 
physiologic study has been used widely in assessing 
irgical outcome in the WPW syndrome. However, 
concerning its value in predicting late outcome are 





11-13.15,16 Figchell et al!! operated on 46 accesso- 
; pathways i in 45 consecutive patients who had an elec- 
- trophysiologic study 2 to 7 days after surgery. One pa- 

“tient had accessory pathway conduction with inducible 
atrioventricular reentrant tachycardia, and another had 
inducible atrioventricular nodal reentrant tachycardia. 
By actuarial analysis, 3 years after surgery, 98% of pa- 
tients were free of preexcitation-related arrhythmias. 
Davis et al'? compared the value of serial 12-lead elec- 
trocardiograms, telemetric monitoring of the electrocar- 
diogram, and the predischarge electrophysiologic study 
performed 1 week after surgery in predicting the 6- 
month outcome of surgery. They reported sensitivity, 
specificity and accuracy of the predischarge electro- 
physiologic study to be 10, 99 and 92%, respectively, in 
predicting the outcome of the electrophysiologic study 6 
months after surgery. They concluded that the late elec- 
trophysiologic study is the most accurate method of as- 
sessing surgery for supraventricular tachycardia. They 
downgraded the value of serial electrocardiograms and 
the predischarge electrophysiologic study, because sensi- 
tivity was only 60%, even though specificity and accura- 
cy were 99 and 96%, respectively. 

Value of various assessments in predicting out- 
come: All patients in this series were considered a surgi- 
cal success as defined by the intraoperative electrophysi- 
ologic study in which there was no evidence of accessory 
pathway conduction at the completion of surgery. Ac- 
< eessory pathway conduction had returned by the time of 
the predischarge electrophysiologic study in 4 patients. 
Thus, the accuracy of the intraoperative electrophysio- 
logic study in predicting the short-term outcome of ac- 
cessory pathway ablation was 96%. The sensitivity, 
specificity and total predictive accuracy of the predis- 
charge electrophysiologic study in predicting long-term 
outcome in this series were 50, 98 and 95%, respective- 
ly. These data are similar to those of Davis et al.!? Both 
series showed that the predischarge electrophysiologic 
- study was not sensitive in predicting long-term surgical 
failure, but was highly specific and very accurate. This 
is understandable from Bayes’ theorem that states that 





a high surgical success provides for a low pretest preva- 
`- lence of surgical failure in the sample, rendering the 


sensitivity of the test low. However, this study used elec- 
trocardiographic ventricular preexcitation or documen- 
tation of supraventricular tachycardia as evidence of 
surgical failure during follow-up, whereas Davis et al!? 
used a late 6-month electrophysiologic study as the 
standard. It should be noted that all patients in this se- 
ries were operated on for recurrent and troublesome 
symptomatic tachyarrhythmias needing multiple hospi- 
tal visits for treatment, and had multiple electrocardio- 


graphic documentation of tachyarrhythmias before sur-. 


gery. It is very unlikely that the same arrhythmias 
would not have been documented if they recurred dur- 
ing follow-up. 

_ The induction of nonclinical arrhythmias during the 
__ predischarge electrophysiologic study needs some. com- 


























TABLE i Findings During the Predischarge Electrophysiologic 
Study 
orn 
No.of 
Conduction Properties Pts, 
Anterograde conduction 
Presence of ventricular preexcitation 4 
Retrograde conduction 
Intact accessory pathway conduction 4 
No induction of echoes 2 
Atrioventricular reentrant tachycardia 2 
Intact normal pathway conduction 63 
No induction of echoes 45 
Fast-slow atrioventricular nodal reentrant echoes 14 
Slow-fast atrioventricular nodal reentrant echoes 2 
Atrioventricular nodal reentrant tachycardia 2 
No ventriculoatrial conduction 46 








TABLE Ii Sensitivity, Specificity and Predictive Accuracy of the 
Pradischarge Electrophysiologic Study in Predicting Late 


| 
50% (4/8) | 
| 





Outcome 
Sensitivity 
Speciticity 98% (103/105) 
Positive predictive value 67% (4/6) 
Negative predictive value 96% (103/107) 


Total predictive accuracy 95% (107/113) 








ment. Sixteen of the 113 patients had induction of atrio- 
ventricular nodal reentrant echoes, and 2 had induction 
of atrioventricular nodal reentrant tachycardias. How- 
ever, no patient had symptomatic arrhythmias. during 
follow-up. Fischell et al!' noted induction of atrioven- 
tricular nodal reentrant tachycardia in 1 of 45 patients 
with the WPW syndrome during the predischarge elec- 
trophysiologic study after surgery. That patient had 
no supraventricular tachycardia during later follow-up. 
Reyes et al? noted induction of atrioventricular nodal 
reentrant echoes in 5 patients, and atrioventricular - 
nodal reentrant tachycardia in 2 during an electrophysi- 
ologic study after surgery in 62 undergoing surgical ab- 
lation of accessory pathways. Only the 2 patients with 
induction of atrioventricular nodal reentrant tachycar- 
dia had a late occurrence of supraventricular tachycar- 
dia during follow-up. Thus, induction of atrioventricular 
nodal reentrant echoes alone are probably not sig- 
nificant, whereas that of atrioventricular nodal reen- 
trant tachycardia may predict a late occurrence of 
tachycardia. 

Clinical implications: This study demonstrates that 
the predischarge electrophysiologic study accurately 
predicts the late outcome of patients undergoing acces- 
sory pathway ablation. However, this study also demon- 
strates that when accessory pathway ablation can be 
ensured by the intraoperative electrophysiologic study 
at the completion of surgery, both the early and late 
electrophysiologic studies are unnecessary, because the 
yields are low. Indications for an electrophysiologic 
study in patients after surgery with the WPW syndrome 
undergoing accessory pathway ablation should be simi- 
lar to those before surgery. 
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Cautiously increasing salt intake prior to initiation of treatment with ACCUPRIL. If it is not possible to discontinus the diuretic, 
the starting dose of quinapril should be reduced (see DOSAGE AND ADMINISTRATION}, 


Agents increasing serum potassium: Quinapril can attenuate potassium toss caused by thiazide diuretics and increase serum 
potassium when used alone. If concomitant therapy of ACCUPRIL with akk diuretics (eg, spironolactone, 
triamterene, or amiloride), potassium supplements, or potassium-containing salt substitutes 1s indicated, they should be used 


with caution along with appropriate monitoring of serum potassium (see PRI IONS). 


Tetracycline and other drugs that interact with magnesium: Simultaneous administration of tetracycline with ACCUPRIL 
teduced the absorption of tetracycline by approximately 28% to 37%, possibly due to the high jum content in 
ACCUPRIL tablets. This interaction should be considered if coprescribing ACCUPRIL and tetracycline ar other drugs that 
interact with magnesium. 


Lithium: increased serum lithium levels and symptoms of lithium toxicity have been reported in patients receiving concomi- 
tant lithium and ACE inhibitor phorapy These drugs should be co-administered with caution, and frequent monitering of serum 
\ithium levels is recommended. Ifa diuretic is also used, it may increase the risk of lithium tonicity, 


Other agents: Drug interaction studies of ACCUPRIL with other agents showed: 

+ Multiple dose therapy with propranolol or cimetidine has no effect on the pharmacokinetics of single doses of ACCUPRIL. 

+ The anticoagulant effect of a single dose of warfarin (measured by prothrombin time) was not significantly changed by 
quinapril coadministration twice-daily, 

+ ACCUPRIL treatment did not affect the pharmacokinetics of digoxin. 

«No el ta interaction was observed when single doses of ACCUPRIL and hydrochtorothiazide were administered 
concomitantly. 


Carcinogenesis, Mutagenesis, impairment ot Fertility 

Quinapsil hydrochloride was not carcinogenic in mice or rats when given in doses up to 75 or 100 mg/kg/day (50'to 60 times 
the maximum human daily dose, respectively, on a mg/kg basis'and 3.8 to 10 times the maximum human daily dose when 
based on a mg/m* basis) for 104 weeks, Female rats given the highest dose level had an increased incidence of mesenteric 
lymph node hemangiomas and skin/subcutaneous lipomas, Neither quinapril nor quinaprilat were mutagenic in the Ames bac- 
terial assay with or without metabolic activation. Quinapril was also negative in the following genetic toxicology studies: in 
vitro mammalian cell point mutation, sister chromatid exchange in cultured mammalian cells, micronucleus test with mice, in 
vitro chromosome aberration with V79 cultured lung calls, and in an in vivo cytogenetic study with rat bone marrow. There 
were no adverse effects on fertility or reproduction in rats at doses up to 100 mg/kg/day (60 and 10 times the maximum daily 
human dose when based on mg/kg and mg/m", respectively). 


Mon ACE os have boen To during bt socaid and third | ‘ 

imesters of pregnancy, there have been reports of hypotension, Catagory 0: See WARNINGS, Fetal/Neonatal 
renal failure, skull hypoplasia, and death. Oli nios has ' and mortal 

dso bnon reported weaummaby sing fan decreased a ONCE-A-DAY* i 

renal function; nios has been associated with fetal itis not known if quinapril or its metabolites are secreted in 


limb contractures, craniofacial deformities, hypoplastic lung 
development, and intrauterine growth retardation, 
Prematurity and patent ductus arteriosus have been reported, 
although it is not clear whether these occurrences were due to 
the ACE-inhibitor exposure or to the mother’s underlying dis- 
‘ease. It is not known whether exposure limited to the first 
trimaster can adversely affect fetal outcome. 
A patient who becomes pregnant while taking ACE inhibitors, or who takes ACE inhibitors when already pregnant, should be 
apprised of the potential hazard to her fetus. If she continues to receive ACE inhibitors during the second or third trimester of 
bed gt byes examinations should be performed to look for oligohydramnios. When oligohydramnios is 
und, ACE inl Should generally be discontinued. 
:; Infants. with histories of in utero exposure to ACE inhibitors should be closely observed for potensio , oliguria, and hyper- 
kalemia: If oliguria occurs, attention should be directed toward support of biood pressure and renal perfusion. Hemodialysis 
p dialysis have little effect on the elimination of quinapril and quinaprilat. 
No fetotoxic or teratogenic effects were observed in rats at quinapri doses as high as 300 mg/kg/day {180 and 30 times the 
maximum daily human dose when based on mg/kg and mg/m, respectively), despite maternal toxicity at 150 mg/kg/day. 
Tested later in gestation and during lactation, reduced offspring body weight was seen at 225 mg/kg/day, and changes in 
renal histology (juxtaglomerular cell hypertrophy, tubular/peivic dilation, glomeruloscierosis) were observed both in dams and 
offspring treated with 150 mg/kg/day. Quinapril was not teratogenic in the rabbit; however, as noted with other ACE inhibitors, 
maternal toxicity and pobre y were seen in some rabbits at quinapril doses as low as 0.5 mg/kg/day (one time the 
recommended human dose) and 1.0 mg/kg/day, respectively. 
PRECAUTIONS 


General 

Impaired renal function: As a consequence of inhibiting the renin-angiotensin-aldosterone system, changes in renal function 
may be anticipated in susceptible individuals. in patients with severe heart failure whose renal function may depend on the 
acti viy of the renin-angiotensin-aldosterone system, treatment with ACE inhibitors, including ACCUPRIL, may be associated 


with oliguria and/or progressive azotemia and rarely acute renal failure and/or death, 


in clinical studies in sive patients with unilateral or bilateral renal artery stenosis, increases in blood urea nitrogen and 
serum creatinine have Deen observed in some following ACE inhibitor therapy, These increases were almost always 
reversible upon discontinuation of the ACE inhibitor and/or diuretic therapy. in such patients, renal function should be mon- 


itored during the first few weeks of therapy. 
Some hypertensive patients with no apparent preexisting renal vascular disease have developed increases in blood urea and 
serum creatinine, usually minor and transient, especially when ACCUPRIL has been given concomitantly with a diuretic. This 
{s more likely to occur in patients with preexisting renal impairment. Dosage reduction and/or discontinuation of any diuretic 
and/or ACCUPRIL may be required, 

valuation of patients should always include assessment of renal function (see DOSAGE AND 
ADMINISTRATION}. 


Hyperkalemia and potsssium-sparing diuretics: in clinical trials, hyperkalemia (serum potassium =5.8 mmol/L) occurred in 
approximately 2% of patients receiving ACCUPRIL. In most cases, elevated serum potassium levels were isolated values which 
resolved despite continued therapy. Less than 0.1% of patients discontinued therapy due to hyperkalemia. Risk factors for the 
development of hyperkalemia include renal insufficiency, diabetes mellitus, and the concomitant use of potassium-sparing 
diuretics, sium supplements, and/or potassium-containing salt substitutes, which should be used cautiously, if at all, 
with ACCUPRIL (see TIONS, Drug Interactions). 
Surgory/aneathesia: in patients undergoing major surgery or during anesthesia with agents that produse hypotension, 
IL will block angiotensin Il formation secondary to compensatory renin release. tf hypotension occurs and is consid- 

ered to be due to this mechanism, it can be corrected by volume expansion. 
Information for Patients 
Angioedema: Angioedema, including laryngeal edema, can occur with treatment with ACE inhibitors, especially following the 
firstdose. Patients should be so advised and told to report immediately any signs or symptoms suggesting angioedema 
{swelling of face, extremities, eyes, lips, poge difficulty in swallowing or breathing) and to stop taking the drug until they 
have consulted with their physician (see WARNINGS). 
Syopomatie hypotension: Patients shouid be cautioned that lightheadedness can occur, especially during the first few days 

ACCUPRIL terapy, and that it should be reported to a physician. If actual syncope occurs, patients should be told to not take 
‘the drug until they have consulted with their physician (see WARNINGS). 
All patients should be cautioned that inadequate fluid intake or excessive perspiration, diarrhea, or vomiting can lead to an 
coe Haltin blood pressure because of reduction in fluid volume, with the same consequences of lightheadedness and 
possible syncope. 
Patent paming to undergo any surgery and/or anesthesia should be told to inform their physician that they are taking an 

ia 


Hyperkalemia: Patients should be told not to use potassium supplements or salt substitutes containing potassium without 
© gonsulting their physician (see PRECAUTIONS). 
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® ™ 
pe human milk, Quinapril is secreted to a limited extent, however, in 
milk of lactating rats (8% or less of the plasma drug concentra- 
tion was found in rat milk), Because many drugs are secreted in 
PA human milk, caution should be exercised when ACCUPRIL is 
to a nursing mother, 


Elderly patients exhibited increased area under the plasma con- 
centration time curve (AUC) and peak levels for quinaprilat compared to values observed in younger patients’ this appeared to 
relate to decreased renal function rather than to inp itself, In controlled and uncontrolled studies of ACCUPRIL where 918 
(21%) patients were 65 years and older, no overall differences in effectiveness or safety were observed between older and 
younger patients. However, greater sensitivity of some older individual patients cannot be ruled out. 


Use 
The sity and etfectiveness of ACCUPRIL in children have not been established, 
REACTIONS 


ADVERS 
ACCUPRIL has been evaluated for safety in 4960 subjects and patients. Of these, 3203 pein, including 655 elderly patients, 
participated in controlled clinical trials. ACCUPRIL has been evaluated for long-term safety in over 1400 patients treated far 

year or more. 
Adverse experiences were usually mild and transient. 
Discontinuation of therapy because of adverse events was required in 4.7% of patients treated with ACCUPRIL in placebo- 
controlled hypertension triats. 
Adverse experiences probably or possibly related to therapy or of unknown relationship to therapy occurring in 1% or more of 
the 1563 patients in piacebo-controlled hypertension trials who were treated with ACCUPRIL are shown below. 

Adverse Events in Placebo-Controited Trials 








ACCUPRIL Placebo 

(N= 1563) {N= $79) 

Incidence incidence 

(Discontinuance) {Discontinuance} 

Headache §.6 (0.7) 1a) 
Dizziness 3.9 (0.8) 2.6 (0.2) 
Fatigue 2.6 (0.3 10 
Coughing 2.0 (0.5) 0.0 
Nausea/Vomiting 1.4 (0.3 1.9 (0.2) 
Abdominal Pain 1.0 (0.2 9.7 





Clinical adverse experiences probably or possibly related, or of uncertain relationship to therapy, occurring in 0,5% to 1.0% 
{except as noted) of the patients treated with ACCUPRIL (with or without concomitant diuretic) in controlled or uncontrolled 
trials {N = 4397) and less frequent clinically significant events seen in clinical trials or post-marketing experience {the rarer 
events are in italics) include (listed by body system): 

General: back pain, malaise 

Cardiovascular: palpitation, vasodilation, tachycardia, heart failure, hyperkalemia, myocardial infarction, cerebrovascular 
accident, hypertensive crisis, angina pectoris, orthostatic hypotension, cardiac rhythm disturbances 

Gastrointestinal: dry mouth or throat, constipation, gastrointestinal hemorrhage, pancreatitis, abnormal liver function tests 
Nervous/Psychiatric: somnolence, vertigo, syncope, nervousness, depression 

integumentary: increased sweating. pruritus, exfoliative dermatitis, photosensitivity reaction 

Urogenital: acute renal failure 

Other: amblyopia, pharyngitis. sinusitis, bronchitis, agranulocytosis, thrombocytopenia 

Angigedema: angioedema has beer ee in patients receiving ACCUPRIL (0. 1%). Angioedema associated with laryngeal 


edema may be fatal. if angioedema of the face, extremities, lips, tongue. glottis, and/or ae occurs, treatment with ACCU- 
PRIL should be discontinued and appropriate therapy instituted immediately. (See WARNINGS.) 

Clinical Laboratory Test Findings 

Hematology: (See WARNINGS) 

Hyperkalemia: (See PRECAUTIONS) 

Creatinine and blood ures ni : Increases (>1.25 times the upper limit of normal) in serum creatinine and blood urea 


itrogen: 
nitrogen were observed in 2% and 2%, respectively, of patients treated with ACCUPRIL along. Increases are more likaly to 
ie ie receiving concomitant diuretic therapy than in those on ACCUPRIL atone. These increases often remit on 
conti erapy. 


* In some patients, the antihypertensive effect may diminish toward the 
end of the once-daily dosing interval. In such patients, an increase in 
dosage or twice-daily administration may be warranted. 





Most cocaine users are so dedicated 
to the drug that what it does to their 
hearts never enters their minds. They 
don't realize that every time they use 
cocaine, they put themselves at risk for 
such potentially fatal cardiovascular 
complications as hypertensive crisis... 
myocarditis... myocardial infarction 
„ventricular tachycardia...ventricu- 
lar fibrillation...even cardiac arrest. 
Chances are, at least some of 
these people are 
your patients. And 
many of them may 
feel more comfort- 


A short talk 


can go a long way. 











able telling a nurse what they can't—or 
as a doctor. That’s why your 
role becomes critical in helping sus- 
pected drug abusers understand what 
illegal drug use does to their bodies. 

As key members of the health 
care team, nurses can make a difference 
in helping to curb drug abuse, and in 
preventing some of its deadliest conse- 
quences. The next time you suspect a 
patient may be e using cocaine—or any 

illegal substance— 
Le a heart-to-heart 
talk about the damage 
these drugs can do. 


Partnership for a Drug-Free America 


















~ Significance of Ventricular Arrhythmias in 
Systemic Hypertension with Left 


Ventricular Hypertrophy 


Stuart D. Pringle, MD, Francis G. Dunn, MB ChB, Peter W. Macfarlane, PhD, 
James H. McKillop, PhD, A. Ross Lorimer, MD, and Stuart M. Cobbe, MD 





Hypertensive patients with the electrocardio- 
graphic (ECG) pattern of left ventricular (LV) hy- 
pertrophy and strain are at.increased risk of sud- 
den death. It has been suggested that ventricular 
arrhythmias may be responsible. The prevalence 
and significance of ventricular arrhythmias was 
therefore studied in 90 hypertensive patients with 
LV hypertrophy and strain by undertaking 48- 
hour ambulatory ECG monitoring, ECG signal-av- 
eraging and programmed ventricular stimulation. 

Complex ventricular ectopic activity (Lown 
grade >3) was detected in $9 patients (66°). 
Eleven patients (12%) had episodes of nonsus- 
tained ventricular tachycardia. There were no sus- 
tained arrhythmias either on ambulatory ECG 
monitoring or induced by programmed ventricular 
stimulation. Only 1 patient had ventricular late po- 
tentials recorded by the signal-averaged electro- 
_cardiogram. Therefore, there was little to suggest 
an underlying arrhythmogenic substrate in these 
patients. In conclusion, whereas ventricular ar- 
rhythmias occur often in patients with LV hyper- 
trophy associated with systemic hypertension, 
their significance, if any, remains to be estab- 
lished. 

(Am J Cardiol 1992;69:913-917) 
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electrocardiographic (ECG) left ventricular (LV) 

hypertrophy were at increased risk of premature 
cardiovascular death.! The fact that the majority of 
these deaths were sudden (i.e., within 1 hour from the 
onset of symptoms)? has led to the theory that ventricu- 
lar arrhythmias may be responsible. Certainly, patients 
with LV hypertrophy have an increased frequency of 
complex ventricular ectopic beats? and nonsustained 
ventricular tachycardia.4> Although these studies have 
demonstrated an association between ventricular ar- 
rhythmias and hypertensive LV hypertrophy, the patho- 
logic significance of these arrhythmias has not been 
clarified. In particular, whether these arrhythmias are 
benign or are causally related to sudden death remains 
to be established. It is therefore important to determine 
whether hypertensive LV hypertrophy provides a genu- 
ine arrhythmogenic substrate. 

The aim of this study was (1) to determine the prev- 
alence of ventricular arrhythmias in a large series of 
patients with hypertensive LV hypertrophy and, (2) to 
evaluate their significance by investigating the potential 
for a reentry substrate through studying the signal-aver- 
aged electrocardiogram and undertaking invasive elec- 
trophysiologic studies. 


I: the Framingham Study, hypertensive patients with 


METHODS 

Patients: Patients with essential hypertension and 
ECG LV hypertrophy and strain were identified from 
the blood pressure clinic database and invited to partici- 
pate. Those who agreed were recruited consecutively. 
The study group consisted of 90 patients (68 men and 
22 women, mean.age 57 years [range 25 to 79]) (Table 
I). Secondary hypertension was excluded by clinical 
evaluation, routine biochemical screening, chest x-ray 
and, in most cases, by previous intravenous pyelogra- 
phy. 

Electrocardiography: To ensure uniformity all the 
12-lead electrocardiograms were recorded using com- 
puter-based methods developed locally.6 For the pur- 
poses of this study, LV hypertrophy and strain were de- 
fined as being present when there was ST depression of 
20.05 mV and T-wave inversion of 20.1 mV in leads I, 
aVL and Vs; or Vs in the presence of voltage criteria 
(SV1 + RV5 >3.5 mV) for LV hypertrophy. These are 
not the criteria used by the computer program but were 
selected for comparative reasons with the knowledge 
that the presence of LV hypertrophy was confirmed by 
echocardiography. 
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Echocardiography: The degree of LV hypertrophy 
was assessed by echocardiography performed with an 
Advanced Technology Laboratories Ultramark 8 me- 
chanical scanner using a 3 MHz transducer. LV mass 
was calculated by an anatomically validated method.’ 

aphic monitoring: For- 
ty-eight-hour ambulatory ECG monitoring was under- 
taken with an Oxford Medilog Il FM recorder during 
each patient’s normal activities. The tapes were ana- 
lyzed by an experienced technician using a Reynolds 
Pathfinder high-speed analyzer interfaced to a PDP8A 
minicomputer.® Verification was achieved by visual in- 
spection of the monitor during playback of the tapes 
and examination of the ECG printouts. Manual backup 
has been shown to improve the reproducibility of com- 
puter-assisted techniques.? 

Ventricular ectopic activity was classified according 
to Lown’s grading. Nonsustained ventricular tachy- 
cardia was defined as 23 consecutive ventricular ectop- 
ic complexes occurring at a rate of >120 beats/min. 

Signal-averaged electrocardiogram: The signal- 
averaged electrocardiograms were recorded with an 
Arrhythmia Research Technology 101 system with the 
patient supine. The normal range was defined by com- 
bining the most discriminatory features from several 
previous reports.!'!5 Normal values were a filtered 
QRS duration of <114 ms, a duration of low-amplitude 
signals <40 uV <38 ms, a root-mean-square amplitude 
in the last 40 ms of filtered QRS of 225 uV. 

In addition to these automatic measurements, late 
potentials were defined as being present if, after the 
QRS complex, potentials were visible with an amplitude 
>3 times the baseline noise. 

study: The desirability of per- 
forming electrophysiologic studies was considered for 
each patient bearing in mind their age, general health 
and co-existent medical problems. For logistic and ethi- 
cal reasons, it was not possible for all patients to have 
an electrophysiologic study performed but it was consid- 
ered important to include patients both with and with- 
out ventricular arrhythmias detected noninvasively. In 
practice, 62 patients were considered to be suitable and 

















TABLE | Cl inical | Characteristics of Patients: TABLE ii Prevalence of Ventricular Arrhythmias 

Age tyr) 57 (range 25-79) Ventricular Ectopic 

Men:womer 68:22 Beats Per Hour Nonsustained 

Angina pectoris 9 Ventricular 

Previous myocardial infarction 5 <10 10-30- >30- Couplets Tachycardia 

Systolic blood pressure (mm Hg) 155 (28) 

Diastolic blood pressure (mm Hg) 89 (15) No. of pts, 79 B le 25 ll 

Hypertension duration (yr) 7.4 (8.0) Lown grade 5 1 2 3 4a 4b 5 

Drug therapy No. of pts, 3 28 0 15 4 4 36 

Thiazides (no, [%]) 34 (38) 

B blockers (no. [%]) 38 (42) 

Ca antagonists (no, [%]) 40 (44) 

Angiotensin- canertinig enzyme 2320) 24 agreed to undergo electrophysiologic testing. The re- 
inhibitors (no. [%]} re : : : 

Mean no cota 2510.4) maining 38 patients declined mainly because of a reluc- 

Potassium (mmol/liter) 4.16 (0.42) tance to be admitted to the hospital rather than anxiety 

Magnesium (mmol/liter) 0.81 (0.10) about the procedure. 

LV mass index (g/m*) 196.4 (50.5) Programmed ventricular stimulation was performed 
Results are expressed as mean + 1 SD unless otherwise stated. with a quadripolar pacing catheter, introduced under lo- 
Ca = calcium; LV = left ventricular. { j $ 

cal anaesthesia, using first single (S2) and then double 


extrastimuli (S2 + S3) at the right ventricular apex and 
outflow tract. The extrastimuli were introduced after 
every 8-paced beat (S1), with cycle lengths of 600 and 
450 ms. The extrastimuli were begun 400 ms after the 
last S1 and the interval then reduced in 10 ms stages 
until a sustained ventricular arrhythmia was induced or 
until the extrastimulus failed to capture (i.e., the effec- 
tive refractory period was reached). If no arrhythmia 
was induced with single extrastimuli, the same proce- 
dure was repeated with double extrastimuli. The end 
point of the protocol was sustained monomorphic ven- 
tricular tachycardia lasting 30 seconds or requiring im- 
mediate termination, ventricular fibrillation, or comple- 
tion of the protocol at both pacing sites and both cycle 
lengths. 

Statistical methods: When the 2 groups of data 
were compared, a 2-sample ¢ test was used if the data 
were normally distributed, and when the distribution 
was skewed, the nonparametric Mann-Whitney U test 
was used. A 5% significance level was used to determine 
differences. !6 

Ethical approval: The study was approved by the 
hospital ethical committee. The patients provided writ- 
ten informed consent for the invasive procedures and 
verbal consent for the noninvasive investigations. 


RESULTS 

Results are expressed as the number of patients fol- 
lowed by the percentage in parentheses. 
1SO- 
LATED VENTRICULAR ECTOPIC BEATS: Twelve patients 
(13%) had >30 ventricular ectopic beats per hour, 8 
(9%) had between 10 and 29 ventricular ectopic beats 
per hour, a further 67 patients (74%) had <10 ventricu- 
lar ectopic beats per hour and only 3 patients (3%) had 
no ventricular ectopic beats detected during the 48-hour 
period (Table I). 

COMPLEX VENTRICULAR ECTOPIC BEATS. AND COUPLETS: 
Forty-nine patients (54%) had multiform: ectepic beats, 
25 (28%) had couplets and.36 (40%) had early (R-on- 
T) ectopic beats. 

NONSUSTAINED VENTRICULAR ‘TACHYCARDIA (TABLES H 
AND itt): Eleven patients (12%) had at least 1 episode of 
nonsustained ventricular tachycardia. In 6 patients this 
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was a single episode, 3 had 2 episodes, 1 had 4 episodes, 
and | patient had 10 episodes. Of these 26 episodes, 20 
‘were triplets and 6 were >3 beats. The longest run was 
9 beats. In no patient were these episodes associated 
- with symptoms recorded on the diary cards. Three pa- 
tients with nonsustained ventricular tachycardia also 
had >30 ectopic beats per hour. The mean number of 
ectopic beats tended to be greater in patients with non- 
sustained ventricular tachycardia than in those without 
(863 + 1,850 vs 345 + 890). However, because of the 
large standard deviations, this difference was not statis- 
tically significant. 

LOWN GRADING: The distribution of patients by their 
maximal Lown grade of ectopic beats was as follows 
(Table I): grade 0, 3 (3%); grade 1, 28 (31%); grade 2, 
0; grade 3, 15 (17%); grade 4a, 4 (4%); grade 4b, 4 
(4%); and grade 5, 36 (40%). 

Signal-averaged electrocardiogram: The signal-av- 
eraged electrocardiogram was technically satisfactory in 
88. patients: 23 (26%) patients had a prolonged QRS 
duration, 3 had a decreased root-mean-square voltage, 
and | patient had prolonged duration of low-amplitude 
signals. In terms of fulfilling the criteria for late poten- 
tials, 2 patients met 2 criteria and only | patient ful- 
filled all 3 criteria. This latter patient was the only one 
to have visible late potentials, 

Electrophysiologic testing: There were no inducible 
sustained ventricular arrhythmias. Seven patients had 
short episodes of nonsustained polymorphic ventricular 
tachycardia with a maximal duration of 13 beats. There 
was no apparent relation between nonsustained ventric- 
ular tachycardia detected on Holter monitoring and 
that induced by ventricular stimulation. Seven of the 


= patients with Holter nonsustained ventricular tachycar- 


dia underwent electrophysiologic testing: 3 had induci- 
ble nonsustained ventricular tachycardia and 4 did not. 
Of the 17 who did not have nonsustained ventricular 
tachycardia on Holter, 4 had inducible nonsustained 
ventricular tachycardia and 13 did not. There were no 
_ differences in the effective refractory period or HV in- 
terval in those with or without induced nonsustained 
ventricular tachycardia, 

Comparison of patients with and without nonsus- 
tained ventricular tachycardia detected on Holter mon- 
itoring: There were no significant differences in age, 
basal blood pressure, duration of hypertension, LV mass 
index, serum potassium, serum magnesium or drug 
therapy in patients with nonsustained ventricular tachy- 
cardia compared with those without nonsustained ven- 
tricular tachycardia detected on Holter monitoring 
(Table IHI). The electrocardiogram, signal-averaged 
electrocardiogram and electrophysiologic measurements 
were also similar in the 2 groups. 


. DISCUSSION 
Prevalence of ventricular arrhythmias: The hypoth- 
esis that ventricular arrhythmias may be important in 
hypertensive heart disease was suggested initially by ep- 
-= idemiologic data showing that hypertensive patients 
with LV hypertrophy were at increased risk of sudden 
death compared with hypertensive patients without LV 
hypertrophy.'?'’ Furthermore, patients with hyperten- 
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TABLE ill Comparison of Age, Blood Pressure, Potassium, 
Magnesium, Left Ventricular Mass and Drug Therapy in Patients 
With and Without Nonsustained Ventricular Tachycardia 
J 
Nonsustained 
Ventricular Present Absent 
Tachycardia (n= 11) (n = 79) 
| Age (yr) 58 (11) 5701) l 
Systolic blood pressure (mm Hg) 149 (31) 155 (27) 
Diastolic blood pressure (mm Hg) 92 (17) 89 (14) 
Hypertension duration (yr) 8.4 (10.0) 7.2 (7.8) 
LV mass index (g/m?) 203 (42.6) 196 (52.0) 
Potassium (mmol/liter) 4.2 (0,48) 4.2 (0.42) 
Magnesium (mmol/liter) 0.84 (0.06) 0.81 (0.10) 
Drug therapy 
Thiazides (no. [%]) 5 (45) 29 (37) 
B blockers (no. [%]) 6 (55) 32 (41) 
Ca antagonists (no. [%]) 4 (36) 36 (46) 
Angiotensin-converting enzyme 2 (18) 21 (27) 
inhibitors (no. [%]) 
Mean no. of drugs 2.2 (1.3) 2.6 (1.4) 
Results are expressed as mean + 1 SD unless otherwise stated. There were no 
significant differences. 
Abbreviations as in Table |. 











sive LV hypertrophy have an increased frequency of 
complex ventricular ectopic beats? and nonsustained 
ventricular tachycardia.4° Although these studies have 
demonstrated an association between ventricular ar- 
rhythmias and hypertensive LV hypertrophy, whether 
these arrhythmias are benign or are causally related to 
sudden death remains to be established. Therefore, the 
aim of this study was to examine the pathologic signifi- 
cance of these arrhythmias. 

In the present study, simple and complex ventricular 
ectopic beats occurred often in patients with hyperten- 
sive LV hypertrophy. Their prevalence was similar to 
previous studies of patients with hypertrophic cardiomy- 
opathy,'® aortic valve disease!? and hypertensive LV hy- 
pertrophy.3202! Nonsustained ventricular tachycardia 
occurred in 12% of the patients. This is also in keeping 
with the results of most other studies of hypertensive 
patients with reported prevalences of 10% (6 of 61), 
15% (29 of 196), 17% (3 of 18)*° and 28% (14 of 50).4 

Thiazide diuretics may increase and 6 blockers may 
decrease ventricular arrhythmias. Although there were 
no significant differences in treatment between the 
groups (Table HI), we cannot exclude an effect from 
continuing drug therapy based on the prevalence of ven- 
tricular arrhythmias. Coronary arteriography was per- 
formed in 35 and thallium perfusion scintigraphy in 80 
of these patients. There was no relation between silent 
or symptomatic ischemia and ventricular arrhythmias. 

Significance of ventricular arrhythmias: More im- 
portant than simply the prevalence of complex ventricu- 
lar ectopic beats is their significance in terms of provid- 
ing a genuine arrhythmogenic substrate. There are no 
reports of hypertensive LV hypertrophy causing sus- 
tained ventricular tachycardia; all reports are-of trip- 
lets or runs of nonsustained ventricular tachycardia with 
a median duration of 7 beats. Nor have there been stud- 
ies examining the relation between ventricular. ectopic 
beats detected on ambulatory ECG monitoring and 
prognosis in hypertensive patients with LV hypertrophy. 
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Two studies. however, havc examined w influence of 


ventricular ectopic beats detected on short ECG record- 
ings in general population samples that included pa- 
tients with hypertension and LV hypertrophy. "7 Ven- 
tricular ectopic beats alone were associated with only a 
modest increase in risk of sudden death (2.2-fold).2° Al 
though ventricular ectopic beats on 12-lead electrocar- 
diograms in the Framingham Study were associated 
with an increased risk of sudden death,'’ they were not 
predictive independently of other ECG abnormalities.” 
o = The published data concerning ventricular arrhyth- 

: mias as independent predictors for sudden death has re- 
cently been reviewed.” In patients without heart disease 
or with heart disease and normal LV function, there is 
little evidence to suppert the hypothesis that simple or 
complex arrhythmias including short runs of nonsus- 
tained ventricular tachycardia are associated with in- 
creased risk of sudden death. 

For these reasons it was considered important in the 
present study to assess whether an arrhythmogenic sub- 
strate exists in patients with hypertensive LV hyper- 
trophy, 

Evidence for an arrhythmogenic substrate? In con- 
© trast to the findings of increased ectopic activity in these 
patients, there was little evidence of an underlying ar- 
rhythmogenic substrate. There were no inducible ar- 
rhythmias on electrophysiologic testing in 24 patients 
and only 1 patient had ventricular late potentials on 
the signal-averaged electrocardiogram. The argument 
might be put forward that by performing electrophysio- 
logic studies in enly one fourth of the patients, it is not 
possible to comment on the group as a whole. This was 
the reason for recording the signal-averaged electrocar- 
diogram in all patients. Evidence is accumulating that 
the signal-averaged electrocardiogram is extremely use- 
ful in predicting the inducibility of ventricular tachycar- 
dia by electrophysiologic testing in patients with synco- 
pe of unknown origin,’ in patients with nonsustained 
ventricular tachycardia, !* and in patients with sustained 
ventricular tachycardia or previous cardiac arrest.'* The 
chief advantage of the signal-averaged electrocardio- 
gram in the context of the present study is the excellent 
negative predictive accuracy of approximately 90%.'° 
Thus, the absence of late potentials in most hypertensive 
patients in this study adds considerable weight to the 
negative findings of the electrophysiologic studies. 
There have been 2 cther reports of programmed ven- 
tricular stimulation in patients with hypertensive LV 
hypertrophy.*’* In these studies the patients underwent 
electrophysiologic testing as part of the routine investi- 
gation of suspecied heart disease or unexplained synco- 
pe, whereas the patients in the present report were se- 
lected purely for this study. Nonsustained ventricular 
tachycardia was induced in 25% (3 of 12)?’ and in 29% 
(4 of 14) of patients in the previous reports and in 
29% (7 of 24) of patients in the present study. Sustained 
ventricular tachycardia was not inducible in 1 study,” 
and in the other study was inducible in only 2 patients, 
both of whom had cardiac decompensation. Unfortu- 
nately it was not stated whether this was a monomor- 


hic or ‘polymorphic. tachycardia. Itis questionable n 
whether the induction of polymorphic ventricular tachy- 
cardia during electrophysiologic testing is a clinically 
relevant finding or a nonspecific response to ventricular 
premature stimuli. Sustained monomorphic ventricu- 
lar tachycardia, which is more likely to be a clinical 
rhythm, was not induced in either of these studies or 
in the present study. Another consideration was whether 
a more aggressive protocol using triple extrastimuli 
should have been used in this study. The increased sen- 
sitivity of using triple extrastimuli would risk inducing 
nonclinical rhythms,??3° Furthermore, the signal-aver- 
aged ECG results in this study reinforce the negative 
electrophysiologic studies. 
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Comparative Effects of Fenoldopam Mesy ate 
and Nitroprusside on Left Ventricular 
Performance in Severe Systemic Hypertension 


Béla B. Hackman, MD, Beate Griffin, RN, BS, 
Mary Mills, RN, BS, and Kodangudi B. Ramanathan, MD 





To compare the effects of fenoldopam (n = 15), a 

“ sëlective dopamine-1 agonist, and nitroprusside 
(n = 14) on left ventricular (LV) function in severe- 
ly hypertensive subjects (diastolic blood pressure 
(BP) >120 mm Hg), both agents were infused to 
reduce diastolic BP by 40 mm Hg (or <110 mm 
Hg). Indexes.of LV systolic and diastolic functions 
were obtained using gated radionuclide angiogra- 
phy before the initiation of treatment and after 
targeted BP was achieved. Both fenoldopam and 
nitroprusside effectively reduced systolic and dia- 
stolic BP to target levels. Changes in heart rate, 
peak filling rate and relative end-diastolic volume 
were similar with both agents. Baseline ejection 
fraction increased after infusion of both drugs. 
The magnitude of the increase in ejection fraction 
was far greater with fenoldopam than with nitro- 
prusside (+22% vs +8%; p = 0.04), despite a less- 
er reduction in systolic BP (—12 vs —22%, 
p = 0.002). Furthermore, the reduction in relative 
end-systolic volume (—35 vs —20%; p = 0.04), and 
increase in the ratio of peak systolic pressure to 


¿o relative end-systolic volume (+43 vs +6%; 


ii p = 0.007) were greater after fenoldopam than af- 
ter nitroprusside. The greater increment in param- 
< eters of LV systolic function produced by fenoldo- 

_ pam than by nitroprusside suggests an effect on 

LV. performance that is independent of afterload 
reduction. 
(Am J Cardiol 1992;69:918-922) 
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ly need prompt therapy with parenteral agents to 

prevent target organ damage and even death.! 
The pharmacodynamic properties of nitroprusside make 
it an ideal agent for use in such emergencies, and it has 
become the standard against which new intravenous an- 
tihypertensive drugs are compared. Nitroprusside ther- 
apy has the potential of thiocyanate toxicity, may 
cause deterioration in renal function,’ and can produce 
coronary steal owing to its nonspecific dilatation of con- 
ductance and capacitance vasculature.” 

Fenoldopam mesylate reduces blood pressure (BP) 
and improves renal function by selective stimulation of 
vasodilatory dopamine-1 receptors of the systemic and 
renal vascular beds.*!5 Previous comparative studies of 
fenoldopam and nitroprusside focused on BP and renal 
effects.!6-!8 The relative impact of these agents on car- 
diac function has been less thoroughly investigated. This 
study was undertaken to compare the effects of fenoldo- 
pam with those of nitroprusside on radionuclide indexes 
of left ventricular (LV) systolic and diastolic functions 
in subjects with severe systemic hypertension. 


P atients with severe systemic hypertension frequent- 


METHODS 

Fifty-six patients with severe untreated or uncon- 
trolled hypertension were referred to the cardiology re- 
search clinic at the University of Tennessee from the 
emergency department of the Regional Medical Center 
at Memphis or from outpatient facilities operated by 
the Shelby County Health Department, charitable or- 
ganizations and private practitioners. Screening studies 
for entry included a comprehensive history and physical 
examination, complete blood count, blood chemistries, 
urinalysis, chest roentgenogram and 12-lead electrocar- 
diogram with rhythm strip. Patients were eligible to 
participate in the study if they were between the ages of 
21 and 75 years, had diastolic BP 2.120 mm Hg, and no 
exclusion criteria were present (Table 1). Of the 56 
original referrals, 25 were excluded for medical reasons, 
and 12 declined to participate. The remaining 19 sub- 
jects constituted the study group. The study protocol 
was approved by the University’s institutional review 
board, and each patient gave written informed consent. 

The 19 subjects who met entry criteria were ran- 
domized to receive either fenoldopam or nitroprusside in 
an unblinded fashion. Initial infusion rates were 0.1 
eg/kg/min of fenoldopam, and 0.5 ug/kg/min of nitro- 
prusside. Titration proceeded in increments of 0.1 and 
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; a) afr min, "panera, until targeted BP was 

chieved (diastolic BP <110 mm Hg, or a 240 mm Hg 

eduction, if initial diastolic BP was 2150 mm Hg). 
Ten of the 19 randomized patients agreed to be stud- 





a second time using the alternate drug at an average 
of 7.2 months (range 7 weeks to 24 months) after the 
initial study. Under close supervision, these patients 
were withdrawn from the oral antihypertensive regimen 
and were followed until diastolic BP met inclusion crite- 
tia. Therefore, a total of 29 patient studies were per- 
formed (15 with fenoldopam and 14 with nitroprus- 
side). 

BP was measured with an automated device (Dine- 
mapp™, Critikon) using a cuff matched to upper arm 
circumference. Heart rate and cardiac rhythm were 
continuously monitored using a portable cardiac moni- 
tor-defibrillator (LifePak6™, PhysioControl). Baseline 
BP and heart rate values were determined as the aver- 
ages of 3 measurements obtained at 5-minute intervals. 
During drug infusion, measurements were obtained 5 
and 15 minutes after a change in infusion rate. After 
attainment of goal BP, final BP was determined as the 
average of 3 measurements obtained at 5-minute inter- 
vals. 

A set of 2 gated radionuclide ventriculograms was 
obtained for each subject, the first during baseline BP 
determination, and the second after goal BP had been 
achieved. Gated radionuclide ventriculograms were ob- 

tained using a small field of view camera (LEM-ZLC, 
Siemens), a medium energy collimator, and commercial 

acquisition and analysis software (MicroDELTA+™ 
v7.1, Siemens) using standard techniques. Briefly, the 
blood pool was labeled in vivo with 25 mCi of techne- 

‘tium-99m pertechnetate 20 minutes after the injection 
of 15 mg of stannous pyrophosphate. A mid- (30 to 
50°) left anterior oblique projection was selected, which 
provided the best separation of the right ventricular and 
LV blood pools. Caudal tilt of 5 to 10° was used to 
separate the left atrium from the left ventricle. Acquisi- 
tion was continued until a total of 5 million counts was 
obtained for the entire field of view. 

“Data analysis: Background and LV regions of inter- 

“est were drawn for each gated radionuclide ventriculo- 








| TABLE 1 inclusion and Exclusion Criteria- < ee E 


inclusion 
Aged 21 to 75 years 
Diastolic blood pressure > 120 mm Hg 
Exclusion 
Diastolic blood pressure > 170 mm Hg 
Women of child-bearing potential 
Known pheachromocytoma 
Chronic liver disease 
Elevation of liver enzymes or bilirubin > 50% above upper limits of 
normal 
Clinical hypothyroidism 
End-stage renal disease needing dialysis 
Immunosuppressive therapy within past year 
Use of phenothiazines or dopamine antagonists within 12 hours 
Use of analgesics within 6 hours 
Hypersensitivity to fenoldopam or nitroprusside 











gram using an automated edge detection algorithm. All 
regions were visually checked for accuracy and redrawn 
as necessary by an. experienced observer. After back- 
ground subtraction and smoothing, a time-activity curve 
and its first derivative curve were generated. LV ejec- 
tion fraction was calculated as: (end-diastolic ~ end- 
systolic counts)/end-diastolic counts. Peak emptying 
and filling rates were determined as the rates of change 
at the most negative and positive extents, respectively, 
of the first derivative curve. The end-systolic pressure / 
count ratio was calculated by dividing the mean systolic 
BP during acquisition of the gated radionuclide ventric- 
ulogram by the number of counts contained in the LV 
region of interest at end-systole. 

Within group changes were analyzed using 2-tailed: 


paired z tests. Between group differences were analyzed. o0. 


using 2-tailed analysis of variance for continuous data, 
and chi-square tests for dichotomous data. Values: are 


expressed as mean + SD, unless otherwise indicated. : 


RESULTS a 

Group characteristics (Table I): There were no sig- 
nificant differences: in baseline characteristics between 
those in the fenoldopam and nitroprusside groups. LV 
hypertrophy (defined as >5 points on the point score 




















“TABLE ii Group Characteristics at Baseline 
ğ Overall Nitroprusside Fenoldopam p Value* 

No, of pts. 19 14 15 
Age (yr) 511l 50 + 12 §3+11 0.53 
Race-—black (%) 18 (95) 14 (100) 14 (93) 0.33 
Sex——women (%) 10 (53) 8 (57) 9 (60) 0.88 
Left ventricular hypertrophy on electrocardiogram (%) 15 (79) 10 (71) 12 (80) 
Cardiomegaly on chest roentgenogram (%) 8 (19) 8 (57) 7 (47) 
Systolic blood pressure (mm Hg) 213 + 16 216 +19 210+ 13 0.33 
Diastolic blood pressure (mm Hg) 131 +8 132 +8 129 +8 0.27 
Heart rate (beats/min) 75214 76+ 16 74 412 0.72 

o Ejection fraction 0.53 +13 0.55 + 0.12 0.52 + 0.14 0.54 
Peak filling rate (diastolic vol/s) 24+08 2.5 £0.8 2:2 £0.9 0.34 
End-systolic pressure/count ratio 0.030 + 0.019 0.034 + 0.023 0.027% 0.013 0.30 

ANitroprusside vs fenaldopam group. 
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| TABLE ili Changes in Blood Pressure and Heart Rate 




















Systolic Blood Pressure (mm Hg) Diastolic Blood Pressure (mm He) Heart Rate {beats/ min) 

i Drug Baseline After infusion Baseline After Infusion Baseline After infusion 
Fenoldopam 210 +13 184 + 19 129+8 102 + 7* 7412 90 16* 
Nitroprusside 2162 19 169 + 13* 133 +8 37 + 9* 74216 9l + 227 

l 

L 


*p = 0.0001; tp = 0.002, 











system of Romhilt and Estes)!’ was present in 15 sub- 
jects. Radiographic cardiac enlargement (as indicated 
by a cardiothoracic ratio >0.50 on the chest roentgeno- 
gram) was present in 8 patients. 

Effects on heart rate and blood pressure (Table Ili 
and Figure 1): Both nitroprusside and fenoldopam low- 
ered systolic and diastolic BP significantly. The mean 
durations of infusion needed to achieve goal BP were 
similar (58 + 55 minutes for nitroprusside, and 65 + 67 
minutes for fenoldopam; p = 0.75). The magnitude of 
both systolic and diastolic pressure reduction was great- 
er with nitroprusside than with fenoldopam (~47 mm 
Hg [—22%] vs —26 mm Hg [-—-12%] [p = 0.003], and 
—36 mm Hg [—27%] vs ~28 mm Hg [-21%] 
[p= 0.03], respectively). 

Heart rate increased modestly with both agents. 
There was no significant difference in the mean increase 
in heart rate between the 2 agents (+14.8 vs +15.4 

beats/min; p = 0.88). 

' Systolic left ventricular performance (Figure 2): 
The baseline ejection fraction was 0.55 + 0.12 in the 
nitroprusside group, and 0.52 + 0.14 in the fenoldopam 
group (p= 0.54). Five patients in the nitroprusside 
group, and 7 in the fenoldopam group had baseline ejec- 
tion fractions <0.50. After drug infusion, the ejection 
fraction in the nitroprusside group increased to 0.58 + 
0.13 (p = 0.09), and in the fenoldopam group to 0.61 + 
0.06 (p = 0.0002). The ejection fraction increased to a 
greater extent with fenoldopam than with nitroprusside 
(0.10 vs 0.03; p = 0.03). 

Diastolic left ventricular performance: Diastolic per- 
formance was assessed using the gated radionuclide 
ventriculogram-derived peak filling rate. Baseline peak 
filling rate was similar for both groups (2.5 + 0.8 dia- 
stolic volumes /s for the nitroprusside group vs 2.2 + 0.9 


diastolic volumes/s for the fenoldopam group). With 
treatment, the peak filling rate increased in both groups 
(3.1 + 1.0 diastolic volumes/s [p = 0.07] with nitro- 
prusside, and 2.8 + 0.9 diastolic volumes/s [p = 0.01] 
with fenoldopam). The magnitude of the increase was 
similar for both groups (p = 0.81). 

We compared the changes in relative end-diastolic 
and end-systolic volumes using a count-based meth- 
od.2-22 End-diastolic counts were reduced by a similar 
amount with nitroprusside and fenoldopam, decreasing 
by 14 and 17%, respectively (p = 0.67). Nitroprusside 
decreased end-systolic counts by only 2% compared 
with 35% (p= 0.04) with fenoldopam. Furthermore, 
the ratio of peak systolic pressure to end-systolic counts 
increased by only 6% after nitroprusside compared with 
an increase of 43% after fenoldopam (p = 0.006). This 
disparity was even larger in the subgroup with LV dys- 
function in whom nitroprusside decreased the ratio by 
7%, while fenoldopam increased it by 54% (p = 0.02) 
(Figure 1). 


DISCUSSION 

Similar to previous reports, our study demonstrates 
that fenoldopam can effectively lower systolic and dia- 
stolic BP in patients with severe systemic hyperten- 
sion.!°"!5 Fenoldopam was well-tolerated and compared 
favorably with nitroprusside in potency and safety. We 
noted no significant adverse effects, and in no case was 
fenoldopam discontinued owing to lack of efficacy, 
tachyphylaxis or undue hypotension. 

Prior hemodynamic studies of fenoldopam produced 
discordant results. Ventura et al!* studied 14 patients 
with mild essential hypertension using M-mode echo- 
cardiography, and intraarterial and vencus catheters to 
measure cardiac output. They noted an increase in car- 
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FIGURE 1. Bar graph showing compari- 


troprusside caused greater reduction in 
systolic and diastolic blood pressures than 
did fenoldopam. Feneldopam increased 
ejection fraction and ratio of end-systolic 
blood pressure to volume to a greater ex- 
tent than did nitroprusside. Relative end- 
systolic volume also decreased more with 


fraction; ESC = end-systolic counts; 
ESP/ESC = end-systolic pressure/count 
ratio; HR = heart rate; PFR = peak filling 








rate; SBP = systolic blood pressure. 
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diac oitput, heart rate, LV ejection rate, and circumfer- 
ential fiber and fractional shortening accompanying a 
lecrease in BP. In contrast, White et al!! found no sig- 
icant increase in fractional shortening by M-mode 
hocardiography in 9 patients with severe accelerated 

_ hypertension treated with fenoldopam. 
_ As with fenoldopam, hemodynamic studies of nitro- 
-prusside have been inconsistent. Whereas cardiac out- 
put has been shown to. increase with nitroprusside infu- 
sion in dogs,” clinical studies in humans have variably 
shown increases, reductions or no change in cardiac out- 
:put.?®?5 Styles et al?” found that nitroprusside restored 


¿> cardiac output depressed by thiopental anesthesia. Fur- 


thermore, salutary effects of nitroprusside in various 
forms of LV dysfunction have been amply demon- 
strated.” Thus, the effect of nitroprusside on LV per- 


| formance may depend on baseline LV function. 


In. our patients, both nitroprusside and fenoldopam 
improved parameters of systolic function. However, 


the magnitude of improvement in indexes of LV sys- 


tolic function after fenoldopam was significantly greater 
_ than that after nitroprusside. Whereas infusion of nitro- 
prusside increased baseline ejection fraction by a mod- 
est 0.03, fenoldopam produced an increase of 0.10 
(p = 0.03). 

Ejection phase indexes of ventricular function, such 
as ejection fraction, are dependent not only on the ino- 
tropic state of the ventricle, but on heart rate and load- 
ing conditions as well.?’ In our subjects, the magnitude 
oof heart rate changes with each agent was similar. Sys- 


uf tolic BP, a major component of afterload, actually de- 


sed to a greater extent after nitroprusside than after 
idopam (~22 vs —12%; p= 0.002). Although we 

id not directly measure end-diastolic pressure or vol- 
ume, preload (as estimated by end-diastolic counts) de- 
creased to a similar extent with each agent. If the im- 
provement in ejection fraction after fenoldopam is due 
to natriuresis and diuresis, one would expect a greater 
reduction in preload compared with that with nitroprus- 
side. Furthermore, Young et alë and Green et al? re- 
cently observed that decreases in systemic vascular re- 
sistance, and increases in cardiac index produced by 


fenoldopam in patients with congestive heart failure 


were not accompanied by significant changes in preload. 
We found that relative end-systolic volume: (as denoted 
by end-systolic counts) decreased by 35% with fenoldo- 
pam, but only 2% with nitroprusside (p = 0.04). These 
changes in end-systolic volume are consistent with the 
observations of White et al'! who noted a significant 
decrease in end-systolic dimension by echocardiography 
after fenoldopam. Although end-systolic volume is sen- 
sitive to afterload, it appears to be relatively insensitive 
to preload.* Thus, it appears that the greater improve- 
ment in ejection fraction observed after fenoldopam 
cannot be explained by changes in chronotropy, preload 
or afterload. 

To further exclude group differences in preload and 
afterload, we constructed ratios of peak systolic pressure 
to end-systolic counts to obtain an index of systolic 
function relatively independent of loading.?! This. index 
increased by 43% after fenoldopam infusion compared 
with only 6% after nitroprusside (p = 0.007). As was 
the case with the increase in ejection fraction, the dis- 
parity between the 2 agents was even greater in patients © 
with LV dysfunction (54 vs 7%; p = 0.02). 


The mechanism underlying these observations: is- 


speculative. Hahn et al’ found no evidence of a direct 
inotropic effect of fenoldopam on a papillary muscle 
preparation. Although Ventura et al'? and Young et 
alë did not demonstrate any increase in plasma cate- 
cholamines, other investigators demonstrated a. signifi- 


cant increase in norepinephrine after fenoldopam.!!!4 =). 


As stated by White et al,!! whether fenoldopam has di- 
rect or indirect positive inotropic properties in patients 
with severe hypertension and hypertensive heart disease 
remains to be established. 

Several limitations of our study warrant comment. 
For patient safety concerns, the study was unblinded. 
This may have allowed observational bias. However, the 
radionuclide ventriculograms were processed without 
knowledge of the agent used, which would have mini- 
mized important bias. The crossover design could have 
produced a crossover effect. The extended period be- 
tween individual patient studies should have limited 
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such an effect. The number of counts on the nuclear Q 
angiogram cannot be used to represent absolute LV vol- 


` ume. However, changes in LV counts have been shown 
to accurately represent relative volume changes in the 
same patient over time. 20-22 We used the fractional 
change in the end-systolic pressure/count ratio as a de- 
rived index of contractility independent of loading con- 
ditions. This ratio only represents a point on a curve 
describing the end-systolic pressure/volume relation, 
and therefore, only incompletely describes such a rela- 
tion. However, Mehmel et al’? did report reasonable 
correlation between the ratio and the slope (k) of the 
end-systolic pressure/volume relation. Furthermore, as 
we were primarily interested in the relative change in 


this relation, precise measurement of the slope was not . 


needed. However, confirmation of our data using com- 
plete pressure/volume loops would be desirable. Finally, 
subjects participating in this study were highly selected 
volunteers with severe systemic hypertension and rela- 
tively good baseline ejection fractions (mean 0.53). Ex- 
trapolation of our data to other groups of patients with 
other forms of heart disease may not be appropriate. 
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The TOPROL XL delivery system 
releases metoprolol at a con- 
trolled and predictable rate’ 


Please see full prescribing information on following page. 


TOPROL XL” TABLETS 


{Metoorciot succinate) 


Extended Retease Tablets 
Tabiats: 50 mg, 100 mg. and 200 mg 


DESCRIPTION 

Toprol XL, metoproloj succinate, is a beta, selective icarcioselective) adrenoceptor 
blocking agent. for oral administration, avalabie as extended reiease tablets. Toprol 
XL has been formulated to provide a controlled and predictable release of metopro!a! 
for once daily administration. The tabiets compase a multiple urit system containirg 
metoprolol succinate in a multitude of controtied release pellets. Each pellet acts as a 
separate drug delivery unit and is designed to deliver metoprolei continuously over the 
dosage interval. The tablets contain 47.8 mg, 95 mg and 190 mg of metoproin! succi- 
nate equivalent to 50, 100 and 200 mg of metoprolo’ tartrate, USP. respectively. is 
chemical name is {+)1(isopropyiamino)-3-[p-(2-methoxyetty!) phenoxy}-2-propanal 
succinate (2:1) (salt! its structural formula is: 
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Metoprolol succinate is a white crystalline powder with a moiecular weight of 652.8. R 
is freely soluble in water: soluble in methanol. spanngly solutie in ethanol, slightly sok 
ubie in dichloromethane and 2-propanoi: practically insoluble n ethyl-acetate, acetone, 
diethylether and heptane. inactive ingredients: Silicone dioxide. Celulose compounds, 
Acetyliriouty! citrate, Maize starch, Lactose powder, Polyvidene, Magnesium stearate, 
Polyethylene glycol, Titanium dioxide, Paraffin. 


CLINICAL PHARMACOLOGY 

Metoprolol is a deta, -selective (cardioselevtve} adrenergic receptor blocking agent 
This preferential effect is not absotute, however. and at higher plasma concentrations, 
metoprolol also inhibits betay-adrenoreceptors, chiefly located in the bronchial and 
vascular muscutature. Metoprolol has no intrinsic sympathomsmetic activity, and mem 
brane-stabilizing activity is detectable only at plasma concentrations much greate 
than required for beta-biockade. Animal and human experiments indicate that meto 
proiol slows the sinus rate and decreases AV nodal conductia. 

Clinical pharmacology studies have confirmed the beta-blocking activity of metoproto: 
in man, as shown dy (1) reduction in heart rate and cardiac output at rest and upor 
exercise, (2) reduction of systolic blood pressure upon exercise, (3) inhibition of iso- 
picterenoi-induced tachycardia, and (4) reduction of refiex orthostatic tachycardia. 

The relative beta, -selectivity of matoprolol has bean contirmad by the foflowing: (1) In 
normal subjects, metoprolol is unable to reverse the betae-madiated vasodilating 
ettects ct epinephrine. This contrasts with the effect of nonselective beta-blockers, 
which completely reverse the vasodilating effects of epineshrine. (2) in asthmatic 
patients, metoprolol reduces FEV, and FYC significantly less than a nonselective 
beta-blocker, propranolol, at equivalent beta, -receptor blocking doses. 

in tive controlled studies in normal healthy subjects, the same daily doses of Toprol XL 
and immediate release metoprolol were compared in terms of the extent and duration 
of beta blockade produced. Both formulations were given in a dose range equivalent 
to 100-400 mg of immediate release metoprolol per day. In these studies, Toprol XL 
was administered once a day and immediate release metoprolol was administered 
once to tour times a day. A sixth:controlied study compared the beta -blocking effects 
of a 50 mg daily dose of the two formulations. in each study, beta ;-blockade was 
expressed as the percent change {rom baseline, in exercise neart rate following stan: 
dardized submaximal exercise tolerance tests at steady state. Toprol XL adrninistared 
once a day, and immediate release metoprolol administered ance to tour times a day. 
provided comparable total beta, -blockade over 24 hours (area under the beta, -biock- 
ade versus time curve) in the dose range 100-400 mg At è dosage of 50 mg ance 
daily, Toprol XL produced significantly higher total beta; -blockade over 24 hours than 
immediate release metoprolol. For Toprol XL, the percent reduction in exercise heart 
rate was relatively stable throughout the entire dosage interva: and the level of betay- 
blockade increased with increasing doses trom 50 to 300 mg daily. The affects at 
peakitrough (i.e. at 24 hours post dosing) were; 14/9, 16/10, 24/14, 27/22 and 27/20% 
reduction in exercise heart rate for doses of 50, 100, 200, 300 and 400 mg Toprot XI 
once a day, respectively, In contrast to Toprot XL unmediate ‘elease metoprolol given 
at a dose of 50-100 mg once a day. produced a significanty larger peak effect on 
exercise tachycardia, but the effect was not evident at 24 hours. To match the peak to 
trough ratio obtained with Toprol Xi. aver the dosing range of 200 to 400 mg, a tid. to 
Q.i., divided dosing regimen was required for immediate release metoprolol. 

The relatonship between plasma metoprolol levels and reduction in exercise heart 
rate is independent of the pharmaceutical formulation, Using the Ema, model, the 
maximal peta,-blocking effect has been estimated to produch a 28 8 reduction in 
exercise neart rate. Beta, blocking effects in the range of 30-80% of the maximal 
effect (corresponding to approximately 8-23% reduction in exercise heart rate} are 
expacted to occur at metoprolol plasma concentrations ranging trom 30-540 nmol, 
The concentration-effect curve begins reaching a plateau between 200-300 nmalit., 
and higher plasma levels produce little additional beta, -blocking eflect. The relative 
beta,-selectivity of metoprolol diminishes ang blockade of betag-adrenocepiors 
increases at higher plasma concentrations. 

Although beta-adrenergic receptor blockade is useful in the treatment at angina and 
hypertension, there are situations in which sympathetic stimulation is vital. in patients 
with severely damaged hearts, adequate ventricular function may depend on sympa: 
thetic drive, In the presence of AV biock, Deta-biockade may prevent the necessary 
facilitating effect of sympathetic activity on conduction Betay-adrenergic blockade 
results in passive bronchial canstection by interfering with endogenous adrenergic 
bronchodilator activity in patients subject to bronchospasm and may also interfere with 
exogenous bronchodilators in such patients 

Hypertension 

The mechanism of the antihypertensive affects of beta-blocking agents has not been 
elucidated. However, several possible mackanisms have been proposed: (1) competi- 
tive antagonism of catecholamines at peripheral (especially cardiac} adrenergic neu 
ron sites, jeading to decreased cardiac output; (2) a central efect leading to reduced 
sympathetic outfiow to the periphery; and (2) suppression of renin activity. 

tn controtied clinical studies, an immediata release dosage form of metoprolol has 
been shown to be an effective antihypertensive agent when used alone or as Concom~ 
itant therapy with thiazide-type diuretics at dosages of 100-450 mg daily. Topro! XL. 
in dosages of 100 to 400 mg once daily, has been shown fe possess comparable 
8, -blockade as conventional metoprolol tabiets administered two to four times daily. in 
addition, Toprol XL administered at a dose of 50 mg once daily has been showr to 
lower blood pressure 24-hours post-dosing in placebo controlled studies. In controlled. 
comparative. clinical studies, immediate release metoprolol appeared comparable 
as an antihypertensive agent to propranoloi, methyidopa, and thiazide-type diuretics, 
and to be affective both in supine and standing positions. Because of variable plasma 
levels attained with a given dose and lack of a consistent retationship of antihyper- 
tensive activity to drug plasma concentration, selection of proper dosage requires 
individual titration 

Angina Pectoris 

By blocking catecholaming-induced increases in heart rate, in velocity and extent of 
myocardia: contraction, and in bloed pressure. metoprolol reduces the oxygen require- 
ments of the heart at any given leve! of effort, thus making it useful in the iong- 
term management of angina pectoris. However. in patients with heart failure, 
beta-adrenergic blockade may increase oxygen requirements by increasing kett 
ventricular fiber length and end-diastolic pressure. 

in controtied clinical trials, an immediate release formulation of metoprolol has been 
shown to be an effective antianginal agent, reducing the number of angina attacks and 
increasing exercise tolerance. The dosage used in these studies ranged from 100 to 
400 mg daily. Toproi XL, in dosages of 190 to 400 mg once daily, has been shown to 
possess comparable f -blockade as conventional metoprolol tablets administered two 
to four times daily. 

Pharmacokinetics 

in man, atsorption of metoprolol is rapid and complete. Plasma levels following oral 
administration of conventional metoprolol tablets, however, approximate 50% of levels 
following intravenous administration, indicating about 50% first-pass metabolism 
Metoprolol crosses the blood-brainharier and has been reported in the CSF in a con 
centration 78% of the simultaneous plasma concentration 

Plasma levels achieved are highly variable after ora! administrabon. Only a small rac- 
tion of the drug (about 12%) is bound to human serum afdumin. Elimination is maisy 
by biotranstormation in the iver, and the plasma haif-ife ranges from approximately 3 
to 7 hours. Less than 5% of an oral dose of metoprolol is recovered unchanged in he 
urine: the rast is excreted by the kidneys as metabolites that appear to have no clinical 
significance, Following intravenous administration of metoprolcl, the urinary recovery 
of unchanged drug is approximately 10%. The systemic avagability and half-life of 
metoprolol in patients vath renal failure do sat differ to a clinically significant degree 


trom those in normal subjects. Consequently, no reduction in dosage i5 usually 
needed in patients with chronic renal failure. 

in comparison to conventional metoprolol, the plasma metoprolol levels following 
administration of Toprol XL are characterized by lower peaks, longer time to peak and 
significantly lower peak to trough variation. The peak piasma levels following once 
daily administration of Toprol XL average one-feurth to one-half the peak plasma iev- 
ats obtained following a corresponding dose af conventional metoprolol, administered 
once daily or in divided doses. At steady state the average bioavailability of metoproio! 
following administration of Toprol Xt, across the dosage range of 50 to 400 mg once 
daily, was 77% relative to the corresponding single or divided doses of conventional 
metoprolol. Nevertheless, over the 24 hour dosing interval, 8; -blockade is comparable 
and dose-related isee CLINICAL PHARMACOLOGY) The bioavailability of metoproici 
shows a dose-related, although not directly proporkoral increase with dose and is not 
significantly aftected by tood following Toprol XL administration, 


INDICATIONS AND USAGE 

Hypertension 

Toprol Xi. tablets are indicated for the treatmert of nypertension. They may be used 
atone of in combination with other antihypertensive agents. 

Angina Pectoris 

Toprol XL tablets are indicated in the long-term teatment of angina pectons: 


CONTARAINDICATIONS 

Hypertension and Angina 

Toprol XL is contraindicated in sinus bradycardia. heart block greater than first degree, 
cardiogenic shock, and overt cardiac failure isee WARNINGS) 


WARNINGS, 

Hypertension and Angina 

Cardiac Failure: Sympathetic simulation is a wai component supporting circulatory 
function in congestive heart failure, and beta-bicckade carries the potential hazard of 
further depressing myocardial contractility and precipitating more severe failure. in 
hypertensive and angina patients who have congestive heart failure controlled by digi- 
talis and diuretics, Toprol XL should be administered cautiously. Both digitalis and 
Toprol XL slow AV conduction. 

in Patients Without a History of Cardiac Failure: Continued depression of the 
myocardium with beta-biocking agents over a period of time can, in some Cases, lead 
to cardiac failure. Al the first sign or symptom: at impending cardiac failure, patiants 
should be fully digitalized and/or given a diuretic. The response shouid be observed 
closely. tf cardiac failure continues, despite adequate digialization and diuretic therapy. 
Topral XL should be withdrawn. 

ischemic Heart Disease: Following abrupt cessation of therapy with certain beta- 
blocking agents, exacerbations of angina pecictis and, in some casas, myocardial 
infarction have occurred. When discontinuing chronicady administered Toprol XL, par- 
ticularly in patients with ischemic heart disease, the dosage should be gradually 
reduced over a period of 1-2 weeks and the patient snould be carefully monitored. It 
angina markedly worsens or acute coronary insufficiency develops, Toprol XL adminis- 
tration: shouid be reinstated promptiy, al least temporarily, and other measures appro- 
priate for the management of unstable angina shouic be taken. Patients should be 
warned against interruption or discontinuation of therapy without the physician's 
advice, Because coronary artery disease is common and may be unrecognized, it 
may be prudent not to discontinue Toprol XL therapy abruptly even in patients treated 
only for hypertension 

Bronchospastic Diseases: PATIENTS WITH BRONCHOSPASTIC DISEASES 
SHOULD, IN GENERAL, NOT RECEIVE BETA-3LOCKERS. Because of its relative 
betay-selectivity, however, Toprol Xi. may be used with caution in patients with bron. 
chospastic disease who do not respond to, or cannot tolerate. other antihypertensive 
treatment. Since beta ; selectivity is not absolute, a betag-stimulating agent should be 
administered concomitantly, and the lowest possitie dose of Toprol XL should be used 
{s00 DOSAGE AND ADMINISTRATION) 

Major Surgery: The necessity or desirability of withdrawing beta-blocking therapy 
prior to major surgery i$ controversial; the impaired ability of the heart to respond to 
rellex adrenergic stimuli may augment the risks of general anesthesia and surgical 
procedures. 

Toprol XL like other beta-blockers, is a competitive inhiditor of beta-receptor agonists, 
and its effects can be reversed by administration of such agents, e.g., dobutamine or 
isoproverenal, However, such patients may be sudject to protracted severe hypaten- 
sion. Difficulty in restarting and maintaining the keart beat has also been reported with 
beta-bockers., 

Diabetes and Hypoglycemia: Toprol XL stoui be used with caution in diabetic 
patients if a beta-blocking agent is required. Beia-blockers may mask tachycardia 
occurring with hypoglycemia, but other manifestations such as dizziness and sweating 
may not be significantly affected. 

Thyrotoxicosis: Beta adrenergic blockade may mask certain climecal signs (e.g. 
tachycardia) of hyperthyroidism. Patients suspected of developing thyrotoxicosis 
should be managed carefully to avoid abrupt withcrawal of beta-blockade, which might 
precipitate a thyroid storm 


PRECAUTIONS 
General 
Toprol Xi. should be used with caution in patients with impaired hepatic function. 


information for Patients 

Patients should be advised to take Toprol XL regularly and continuously, as directed, 
preferably with or immediately following meals. If adose should be missed, the patient 
should take only the next scheduled dose {withoat doubling it). Patients should not dis- 
continue Toprol XL without consulting the physician. 

Patients should be advised (1) to avoid operating automobiles and machinery or 
engaging in other tasks requiring alertness until he patient's response to therapy with 
Toprol XL has been determined; (2) 10 contact thesptiysician if any difficulty in breath- 
ing occurs; (3} to intorm the physician or dentist before any type of surgary that he or 
she is taking Taprot Xt. 


Laboratory Tests 
Clinical jaboratory findings may include elevalec levels of serum transaminase, alka- 
line phosphatase, and lactate dehydrogenase. 


Drug Interactions 

Catecholamine-depieting drugs (e.g. reserpine: may have an additive effect when 
given with beta-biocking agents. Patients treated with Toprol XL plus a catecholamine 
depietor should therefore be closely observed for evidence of hypotension or marked 
bradycardia, which may produce vertigo. syncope. èr postural hypotension 


Carcinogenesis, Mut sis, Impairment ot Fertility 

Long-term studies in animais have been conducted to evaluate the carcinogenic 
potantial of metoprolol tartrate. in 2-year studies ir rats at three oral dosage levels of 
up to B00 mg/kg/day. there was no increase ir the development of spontaneously 
occurring benign or malignant neoplasms of any type. The only histologic changes that 
appeared to be drug related were an increased incdence of generally mid focal accu- 
mulation of foamy macrophages in pulmonary alveoli and a slight increase in biliary 
hyperplasia. In a 21-month study in Swiss albino mice at hree oral dosage levels of up 
to 750 mg/kg/day, benign tung tumors (small adenomas occurred more frequently in 
female mice receiving the highest dose than in untreated contro! animals. There was 
no increase in malignant or tota! (benign pius malignant) lung tumors, nor in the overall 
incidence of tumors or malignant tumors. This 2* -month study was repeated in CD-t 
mice, and no statistically or biologically significant differences were observed between 
treated and contro! mice of either sex for any type of tumor. 

All mutagenicity tests performed on metoprolol ‘artrate (a dominant fethal study 
in mice. chromosome studies in somatic cels, a Saimenelia/mammalian-microsome 
mutagenicity test, and a nucleus anomaly test i somatic interphase nuctei) and 
metoproto! succinate (a Saimonalia/mammatian-microsome mutagenicity test} 
were negative, 

No evidence of impaired fertility due to metopro‘o: tartrate was observed in a study 
performed in tats at doses up to 55.5 times me maximum daily human dose of 
450 mg. 

Pregnancy Category © 

Metoprolol tartrate has been shown to increase Destumplantation loss and decrease 
neonatal survival in rats at doses up to 55.5 times the maximum daily human dose of 
450 mg. Distribution studies in mice confirm exposure of the fetus when metoprolol tar- 
trate is administered to the pregnant animal. These studies have revealed no evidence 
of impaired tertility or teratogenicity. There are no agequate and well-controlled studies 
in pregnant women. Because animal reproductor: studies are not always predictive at 
human response, this drug shouid be used during pregnancy only if clearly needed. 
Nursing Mothers. 

Metoprcto) is excreted in breast milk in very sma quantities. An infant consuming 
1 iter of breast miik daily would receive a dose of less than 1 mg of the drug, Caution 
should be exercised when Toprol XL is administered to a nursing woman. 


Pediatric Use 

Safety and effectiveness in children have not beer established. 

Risk Of Anaphyiactic Reactions 

While taking Deta-blockers, patients with a history c! severe anaphylactic reactions to 
a vanely of allergens may be more reactive to repxated challenge. either accidental, 





dagnoste of therapeutic. Such patients may De unresponsive to the usual doses of 
epineptrine used to teat alergic reaction 


ADVERSE REACTIONS 

and Angina 
Most acversa effects have been mild and transient. The following adverse reactions 
have been reported for metoprolol tartrate. 
Central Nervous System: Tiredness and dizziness have occurred in about 10 of 100 
patients Depression has been reported in about 5 af 100 patients. Mental contusion 
and shor-term memory joss have bean reporied Headache, somnolence, nightmares. 
end insomnia have aiso been tapered. 
Cardiovascular: Shortness of breath and bradycatca hava occurred in approximately 
Z of 100 patents. Cold extremities; arterial insufficiency. usually of the Raynaud type: 
palpitations; congestive heart failure; perigheral edema, syncope: chest pain, and 
bypotengion have been reported ia about 1 of 100 patents {see CONTRAINDICA- 
TIONS, WARNINGS and PRECAUTIONS}. 
Respiratory: Wheezing (bronchospasm) and dyspnea have been reported in about 1 
of 100 patients (see WARNINGS). 
Gastrointestinal: Diarrhea has ozcurred in about 5 o° 100 patients. Nausea, dry 
mouth, gastric pain, constipation, fatulence, digestive tract disorders and heartburn 
have baen reported in about 1 of 109 patients. 
Fypersensitive Reactions: Pruritus or rash have occurred in about 5 of 100 patients. 
Worsening of psonasis has aiso been reported 
Miscelleneous: Peyronie's diseasa has ogen reported in fewer than 1 of 100,000 
patients. Musculoskeletal pain, blurred vision, decreased fibide and tinnitus have also 
been reported. 
There have been rare repons of reversible alopecia, agranulocytosis, and Ory eyes. 
Ciscominuatien of the drug should be considered if any sech reaction is not otherwise 
explicable. The oculomucocutan@ous syndome associated with the beta-blocker prac- 
tolol has not been reported with metoprolol 
Potential Adverse Reactions 
A variety of adverse reactions not isted above have been reported with other beta- 
adrenergic blocking agents and should be considered potential adverse reactions to 
Toprol Xt. 
Central Nervous System: Seversisie mental depressionspragressing to catatonia. an 
asute reversible syndrome characterized by disorientation tor time and place, short- 
term memory loss, emotional lability, slighty clouded sersorium, and decreased per- 
formance on neuropsychometrics. 
Cardiovascular: intensification of ÆV block (see CONTRAINDICATIONS). 
Aematoiagic: Agranuiocytosis, nanthrombocytopenic ourpura, thrombocytopenic 
purpura, 
Hypersensitive Reactions: Fever combined with acting and sore throat. laryn- 
gespasm, and respiratory distress: 


OVERDOSAGE 

Acute Toxicity 

No overdosage has been reported with Toprol XL and ne specific overdosage intor 
mation was obtained with this drug, with tha exception ot animal toxicology 
data, However, since Toprol XL (metoproio! succinate sa!) contains the same active 
moiety, metoprolol. as conventional metoprolol tablets (metoprolol tartrate salt}, the 
recommendations on overdosage fer metoprolol canventional tablets are applicable 
to Toprol XL. 

Signs and Symptoms 

Patantial signs and symptoms associated with avardosage with metoprolol are brady- 
cardia, hypotension, bronchospasm, and cardiac failure. 

Treatment 

There is ro specific antidote. 

in general patients with acute or recent myocardial infarctan may be more hemody- 
namically unstable than other patients and should be treated accordingly. On the basis 
of the pharmacologic actions of metoprolo: tartrate, the folowing general measures 
should be employed. 

Eximinatian of the Drug. Gastric lavage should be performed. 

Biadycardia: Atropine should be administered. if there is =o response to vaga! block- 
ade, isoproterenol shouid be administered cautiously, 

Hypotension: A vasoprassor should pa administered. e.g. Jevarterenol or dopamine, 
Bi ; A betag-stimulating agent and/or a theoprylline derivative should be 
administered. 

Cardiac Falture: A digitalis glycoside and diuretics snouls be administered. In shock 
resulting fom inadequate cardiac contracthity, administraven of dobutamine, isopro- 
tereno! or glucagon may be considered. 
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Toprol XL s an extended release tabiet intended for once-a-day administration. When 
swiching from immediate release metoprole! tablet to Toprat XL, the same total daily 
dose of Tapro! XL should be used 

As with immetiate release metoproic:, dosages of Toprol Xi. should be individualized 
and tittation may be needed in some patients, 

Hypertension 

The usual initial dosage is 50 to 100 ng daily in a single dese, whether used alone or 
added to a diuretic. The dosage maybe increased at weekly (or longer) intervals unti! 
apiimum tlood pressure reduction is achieved. In general, the maximum effect of any 
given dosage ievel will be apparent after 1 week of therapy. Dosages above 400 mg 
pe day have not deen studied, 

Angina Pectoris 

Tha dosage of Toprol XL should be iadividualized. The usual inital dosage is 100 mg 
daly. gives in a single dose. The dosage may be gradually increased at weekly inter- 
vals until optimum clinical response has been obtainad or there is a pronounced siow- 
ing of the heart rate. Dosages above 400 mg per day Nave not been studied. H 
Yeatment s to be discontinued, the desage should be reduced gradually over a period 
of *-2 weeks (see WARNINGS), 
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Comparison of Angiotensin-Converting Enzyme 
Inhibitors and Calcium Antagonists in the 
Treatment of Mild to Moderate Systemic 

Hypertension, According to Baseline Ambulatory 
Blood Pressure Level 


Daniel Herpin, MD, Bernard Vaisse, MD, Muriel Pitiot, Régis de Gaudemaris, MD, 
Jean-Michel Mallion, MD, Louis Poggi, MD, and Jean Demange, MD 


This study was aimed at determining whether 
baseline ambulatory blood pressure (BP) levels in- 
fluence the efficacy of angiotensin-converting en- 
zyme inhibitors and calcium antagonists in the 
same manner. Accordingly, the ambulatory BP re- 
cordings of 236 mild to moderate hypertensive pa- 
tients who had previously entered a clinical trial 
and had received either a calcium antagonist 

(n = 121) or an angiotensin-converting enzyme in- 
hibitor (n = 115) were reviewed. The inclusion cri- 
terion was a clinic diastolic BP between 95 and 
115 mm Hg at the end of the placebo period. Pa- 
tients were classified according to the difference 
between their observed and predicted ambulatory 
BP (the latter assessed by regressing the observed 
ambulatory BP on the clinic BP). Reduction in am- 
bulatory systolic and diastolic BP seemed to be 
greater (p <0.0001, p = 0.01) in patients receiv- 
ing an angiotensin-converting enzyme inhibitor 
than in those who were given a calcium antago- 
nist. However, analysis of variance showed (1) 
there was a significant interaction (F = 6.37 

p = 0.01) between the pharmacologic class and 
the baseline systolic ambulatory BP; and (2) the 
difference in diastolic ambulatory BP reduction 
between both classes was no longer significant 
when adjusted for baseline diastolic ambulatory 
BP. In patients with higher than predicted ambula- 
tory BP levels, angiotensin-converting enzyme in- 
hibitors and calcium antagonists had roughly a 
similar effect (reduction in systolic BP, 9 + 8% vs 
7 + 6%, p = not significant; reduction in diastolic 
BP, 11 + 8% vs 8 + 6%, p = not significant). By 
contrast, in patients with lower than predicted 
ambulatory BP, angiotensin-converting enzyme in- 
hibitors decreased ambulatory BP more than cal- 
cium antagonists did (systolic BP, 8 + 7% vs 1 + 
7%, p <0.0001; diastolic BP, 5 + 8% vs 2+ 7%, 
p = 0.04). Finally, further analysis found the 
threshold of efficacy to be 120/80 mm Hg in pa- 
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tients receiving an angiotensin-converting enzyme 
inhibitor and 135/85 mm Hg in those receiving a 
calcium antagonist. 

(Am J Cardiol 1992;69:923-926) 


ry blood pressure (BP) measurements and office 

BP readings in evaluating antihypertensive 
drugs.'- This may be partly related to some patients 
who are found to have hypertension by clinic methods 
but appear to be normotensive when studied by whole- 
day ambulatory monitoring. Weber et al” showed that 
diltiazem therapy decreased clinic BP in these patients 
but did not significantly affect their 24-hour average 
BP. Likewise, Lacourciére et alë found that isradipine 
had a minimal effect on ambulatory BP in patients with 
apparent hypertension. Both of these studies involved 
calcium antagonists. More recently Ashida and co- 
workers’ drew attention to a possible “class effect” 
within a group of 41 patients. Nifedipine, a calcium an- 
tagonist, did not change ambulatory BP in the group 
with low ambulatory BP, whereas enalapril, an angio- 
tensin-con-verting enzyme inhibitor decreased it, both in 
the group with low and the group with high ambulatory 
BP. This raises an essential question of practical impor- 
tance: Does the efficacy of calcium antagonists depend 
on the baseline ambulatory BP level to a greater extent 
than the efficacy of angiotensin-converting enzyme in- 
hibitors? In other words, could calcium antagonists and 
angiotensin-converting enzyme inhibitors be considered 
as antihypertensive and hypotensive medications, re- 
spectively? We thought a preliminary answer could be 
given by a large-scale retrospective study: some investi- 
gators were invited to combine their own data with 
those of ours. 


Ts are marked discrepancies between ambulato- 


METHODS 

Patients: This study involved 236 outpatients (157 
men and 79 women, average age 52 + 10 years, [range 
22 to 76]) with mild to moderate hypertension. These 
patients had been selected by 2 centers from 13 recent 
clinical trials meeting the following criteria: run-in pla- 
cebo period of 2 to 4 weeks, active treatment (angioten- 
sin-converting enzyme inhibitors or calcium antago- 
nists) for 4 to 12 weeks, and clinical and ambulatory BP 
measurements obtained as indicated later. The patients 
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TABLE 1 Characteristics of the Clinical Trials Analyzed 
Duration of 
Therapeutic. . Active Treatment No.of No, of 
Drug Regimen Phase(weeks) Pts. ~— Trials. 
Angiotensin-Convertirig Enzyme Inhibitors 
Perindopril 4-8 mg 12 21 2 
once a day 
Captopril 25-50 mg 12 10 2 
twice a day 
Lisinopril 20 mg 4-8 32 2 
once a day 
Enalapril 20 mg 4 14 1 
ne once a day 
Fosinopril 20 mg 6 38 l 
; once a day 
E Calcium Antagonists 
Diltiazem SR 240-300 mg 4-6 50 2 
once a day 
Nicardipine SR 50 mg 4 10 l 
twice a day 
Nitrendipine 20 mg 4 51 1 
once a day 
Verapamil SR 240 mg 4 10 1 
once a day 
TABLE ft. Patient Characteristics in Angiotensin-Converting 
Enzyme Inhibitor and Calcium Antagonist Groups 
i ` ACE Inhibitors CA 
No. of patients 115 121 
Men/women 81/34 76/45 
Mean age (yr) 51+ 10 52 + 10 
Baseline clinic BP (mm Hg) 164/104 163/102 
+£14/+6 £17/+6 
Baseline ambulatery BP (mm Hg) 139/90 141/89 
+13/+8 +16/+10 





Differences were not significant. 
ACE = angiotensin-converting enzyme; BP = blood pressure; CA = calcium an- 
tagonists: 





became eligible for the active phase of treatment if they 
had a clinic diastolic BP >95 and <115 mm Hg at the 
end of the placebo period. They gave informed consent 
before entering the trial. All patients had been diag- 
nosed as having essential hypertension by exclusion of 
secondary forms by routine clinical means. No medica- 
tions other than the test drug were given throughout the 
trials. One hundred fifteen patients were given an an- 
giotensin-converting enzyme inhibitor, 121 patients re- 
ceived a calcium antagonist (Table I). The data were 
collected by 2 main centers. 

Blood pressure measurements: Clinic BP was re- 
corded in the supine position with a standard mercury 
sphygmomanometer and the average of 3 readings was 
taken for analysis; the first and fifth Korotkoff sounds 
were used as indications for systolic and diastolic BP, 
respectively. The visits were scheduled before the pa- 
tients took their morning dose. 

Automated ambulatory BP recordings were per- 
formed with portable monitors (Spacelabs 5 200, 90 
202 or -90 207, Spacelabs Inc. Redmond, Washington). 
The cuff inflated at regular preset intervals (every i5 
minutes from 6:00 a.m. to midnight, every 30 minutes 
from midnight to 6:00 a.m.). Individual readings show- 
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ing a diastolic BP >150 mm Hg and those with a pulse 
pressure <10 mm Hg were not considered for analysis. 
All readings within each 1-hour period were averaged 
and 24-hour BP was expressed for each patient as the 
mean of these 24 values. All recordings with >2 missing — 
l-hour periods were discarded. Patients were classified 
into 2 groups according to the method of Perloff et al,'° 
as modified by Ashida et®: The “high ambulatory BP 
group” was defined by an average 24-hour BP higher 
than the level predicted from the regression line be- 
tween observed 24-hour and clinic BPs; the other pa- 
tients were designated as the “low ambulatory BP 
group.” 

Statistics: All data were computerized and statisti- 
cal analyses were performed using statistical BMDP 
software (programs 1D, 3D, 6D, 4F, 2V, IR). Compari- 
sons of patients’ characteristics and BP measurements 
between groups (angiotensin-converting enzyme inhibi- 
tors versus calcium antagonists or low versus high BP 
groups) were performed using Student’s i test or non- 
parametric Wilcoxon’s test when necessary; Pearson’s 
chi-square was used for categorical data. Comparisons 
between drug-induced changes in 24-hour ambulatory 
BP were performed by means of an analysis of variance. 
In addition to the pharmacologic class (angiotensin-con- 
verting enzyme inhibitor or calcium antagonist), base- 
line ambulatory BP level (lower or higher than “expect- 
ed”), age (<40, 40 to 49, 50 to 59 and >60 years) and 
center were taken into account as qualitative indepen- 
dent variables. Furthermore, an interaction was sought 
between the pharmacologic class and each of the other 
independent variables, its significance being expressed 
by an F ratio. Finally, clinic BP and changes in ambula- 
tory BP were correlated with baseline ambulatory BP 
by means of Pearson’s correlation test. Changes in BP 
are given as percentages of baseline levels. Results are 
expressed as mean + standard deviation. The 5% level 
of statistical significance was adopted for all tests. 


RESULTS 

Patients characteristics are listed in Table I. Both 
groups did not differ in gender, age or baseline clinic 
and ambulatory BP, even after adjustment for center. 

Changes in systolic blood pressure: Mean reduction 
in clinic systolic BP was 11 + 10% and 9 + 9% (p = not 
significant [NS]), whereas ambulatory systolic BP de- 
creased by 9 + 7% and 5 + 7% (p <0.0001) in the 
groups taking angiotensin-converting enzyme inhibitors 
and calcium antagonists, respectively. However, analy- 
sis of variance showed a significant interaction between 
pharmacologic class and the baseline ambulatory systol- 
ic BP level (F = 6.37 p=0.01 after adjustment for 
class, baseline level, center and age; F = 5.12 p = 0.02 
without adjusting for center. The effects of both phar- 
macologic classes have then to be analyzed within each 
subset according to baseline systolic BP level (Table 
TLD; the difference between both classes. was still signifi- 
cant only in the group with low BP. As a corollary, the 
correlation between baseline ambulatory BP level and 
percentage of reduction in ambulatory systolic BP ap- 
peared to. be much closer in the. group taking calcium 
antagonists (r = 0.48 p <0.0001) than in those taking 

















TABLE IE Age and Systolic Blood Pressure Measurements According to Drug and Baseline 
Ambulatory Level 











Low Ambulatory High Ambulatory 
Systolic BP Group Systolic BP Group 
ACE ACE 
Inhibitors CA Inhibitors CA 
(subgroup 1) (subgroup 2) (subgroup 3) (subgroup 4) | 
No. of patients 62 51 53 70 
Mean age (yr) 51+9 5449 51 +10 51+ 10 
Baseline clinic systolic BP (mm Hg) 163 + 12 163 +17 166 + 17 162 + 16 
Baseline ambulatory systolic BP {mm Hg) 13047 127#12 150+10* 1650 l2t 
Reduction in clinic systolic BP (%) 13 + 9t 13 + 8t 9+ 10§ 7 Of 
Reduction in ambulatory systolic BP (%) B7 bey 9+8 7 + 6t 





a4 
*p <0.0001 versus subgroup 1; tp <0.0001 versus subgroup 2; tp «0.0001 versus reduction in ambulatory systolic 
blood pressure; §p = 0.04 versus subgroup 1; fp = 0.0003 versus subgroup 2. 





Abbreviations as in Table i, 


oe 








Ambulatory Level 


TABLE IV Age and Diastolic Blood Pressure Measurements According to Drug and Baseline 








Low Ambulatory 
Diastolic BP Group 


High Ambulatory 
Diastolic BP Group 











blood pressure; ftp = 0.0 
Abbreviations as in Table H. 


angiotensin-converting enzyme inhibitors (r = 0.19 p = 
0.04), Furthermore, changes in clinic systolic BP were 
significantly more marked in the group with low rather 
than high systolic BP; thus, clinic systolic BP decreased 
significantly more than ambulatory systolic BP only in 
the group with low systolic BP. 

_ Changes in diastolic blood pressure: Clinic diastolic 
BP decreased by 11 + 8% and 11 + 8% (p= NS) and 
ambulatory diastolic BP by 8 + 8% and 5 + 7% 
‘(p= 0.01) in patients treated with an angiotensin-con- 
-verting enzyme inhibitor and those receiving a calcium 
antagonist, respectively. This “class effect” was still sig- 
nificant after adjustment for center and age but became 
no longer significant when adjusted for baseline ambu- 
latory diastolic BP level (F = 2.61, p= NS). There 
was a lack of difference between the effects of both 
classes within the group with high diastolic BP, but an- 
giotensin-converting enzyme inhibitors were significant- 
ly more effective than calcium antagonists within the 
group with low diastolic BP (Table IV). The correlation 
coefficients between baseline ambulatory diastolic BP 
and changes in diastolic BP were 0.37 and 0.46 in the 
groups taking angiotensin-converting enzyme inhibitors 
and calcium antagonists, respectively. As observed with 
systolic BP, the reduction in clinic diastolic BP was 
‘more pronounced in the group with low rather than 

high diastolic BP; consequently, clinic diastolic BP de- 
creased significantly more than ambulatory diastolic BP 
-only in the group with low diastolic BP. 





*p = 0.03 versus subgroup 1; tp = 0.006 versus subgroup 2; tp = 0.01 versus subgroup 1;§p = 0.002 versus subgroup 
1; 4p <0.0001 versus subgroup 1; fp <0.0001 versus subgroup 2; **p < 0.0001 versus reduction in ambulatory diastolic 
versus subgroup 1; tip = 0.003 versus subgroup 2; §§p = 0.0007 versus subgroup). 


ACE ACE 
Inhibitors CA Inhibitors CA 
(subgroup 1) (subgroup 2) (subgroup 3} (subgroup 4) 
L 

No. of patients 61 58 60 
Mean age (yr) 51+ 10 55 + 9* 624.9 50 + 9t 
Baseline clinic diastolic BP (mm Hg) 10427 101 + 6t 103.+ 6 103.+ 6 
Baseline ambulatory diastolic BP (mm Hg) 85 + 6 81 + 6§ 96 + 7i 97 + 74 
Reduction in clinic diastolic BP (%) 13 + 8** 13 + 8** 10 + 8tt 9+ 7tt 
Reduction in ambulatory diastolic BP (%) 5+8 2+ 7tt 11+ 8§§ 8+ 64 








Threshold of efficacy: Finally, baseline ambulatory 
systolic and diastolic BP levels have been divided into 9 
and 6 consecutive 5 mm Hg intervals, respectively. A 
statistical analysis of the mean effect of both pharmaco- 
logic classes was performed within each interval and a 
threshold of efficacy could then be determined. Mean 
changes in ambulatory BP appeared not to be signifi- 
cant up to 120 and 80 mm Hg in the group taking an- 
giotensin-converting enzyme inhibitors, and up to 135 
and 85 mm Hg in those taking calcium antagonists, for 
systolic BP and diastolic BP, respectively. 


DISCUSSION 

Method: This retrospective study has some methodo- 
logic limitations. None of the trials was aimed at com- 
paring an angiotensin-converting enzyme inhibitor ver- 
sus a calcium antagonist according to the baseline 
ambulatory BP level, so that the drug allocation was 
not randomized at all. Furthermore, we combined sever- 
al drugs with different pharmacokinetics into 2 joint 
groups and we cannot assure there was a strict bioequiv- 
alence between them. However, the doses that were giv- 
en were those generally recommended in clinical prac- 
tice. We can observe that angiotensin-converting en- 
zyme inhibitors and calcium antagonists resulted in a 
reduction in clinic BP of the same extent (Tables: HI 
and IV), which supports existing published studies.6?!! 
On the other hand, the large number of patients recruit- 
ed made it possible to-constitute relatively homogenous 
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groups, regarding demographic characteristics and 
baseline BP. 

Changes in blood pressure according to drug and 
baseline blood pressure: The striking feature of this 


‘analysis was that angiotensin-converting enzyme inhibi- 
tors apparently decreased ambulatory BP to a greater 


degree than calcium antagonists. Importantly, adjust- 
ment for baseline ambulatory BP level led one to (1) 
emphasize a significant interaction between the phar- 
macologic class and the baseline systolic BP level; and 
(2) no longer observe a significant difference in diastolic 
BP changes between both classes. Both features had the 
same meaning: angiotensin-converting enzyme inhibi- 
tors actually were more effective than calcium antago- 
nists only in patients with low baseline ambulatory BP. 
In this respect, our results were fully consistent with 
those reported by Ashida et al.? However, an original 
feature of our study has to be pinpointed. The differ- 
ence between the effects of angiotensin-converting en- 
zyme inhibitors and calcium antagonists was not as 
clear-cut in the group with low diastolic BP as in those 
with low systolic BP. BP changes, as induced by angio- 
tensin-converting enzyme inhibitors, were indeed of the 
same degree in both groups with high and low systolic 
BP, but were more marked in the group with high than 
in those with low diastolic BP (p = 0.0007). The corre- 
lation found between baseline BP and the effects of an- 
giotensin-converting enzyme inhibitors was consistently 
much closer for diastolic than for systolic BP. 

The underlying mechanisms of such a phenomenon 
are still open to discussion'*.'3; One can speculate that 
arteriolar smooth muscle tone (which determines dia- 
stolic BP level} is under the control of both the renin- 
angiotensin system and free cytosolic calcium (the for- 
mer perhaps playing a preeminent role in “white coat” 
hypertensive patients); furthermore, the compliance of 
the great vessels (which regulates systolic BP) could be 
determined almost exclusively by the local tissue renin- 
angiotensin system in such patients. Sodium balance 
should also be considered as playing a role in the differ- 
ences we observed, because salt repletion results in op- 
posite effects on the efficacy of angiotensin-converting 
enzyme inhibitors and calcium antagonists.'* However, 
sodium intakes could not be strictly controlled in our 
outpatients. The opposition between calcium antago- 
nists as antihypertensive drugs and angiotensin-convert- 
ing enzyme inkibitors as hypotensive drugs could possi- 
bly be kept in mind regarding systolic BP; but does not 

seem to be relevant with regard to diastolic BP. 

Clinical implications: First, practical information has 
to be drawn from these results: Antihypertensive drug 
effects seem to be overestimated by conventional BP 
measurements, but tend to be minimized by ambulatory 
recordings if the patient group is considered as a whole, 
Clinical investigators should assess true hypertensive pa- 
tients separately from those with “normal” ambulatory 
BP in order te avoid the real effects of a drug to be 
“diluted.” Our results suggest that such a phenomenon 
especially coneérns calcium antagonists but may also 
occur with angiotensin-converting enzyme inhibitors 
(see Table IV); Cheung et al!> consistently showed that 
patients who did not respond to combined therapy with 





captopril and hydrochlorothiazide were those with the 
lowest ambulatory BP. 

Second, what about the “white coat “hypertensive” 
patients receiving an antihypertensive drug? The brain 
is well protected against- reductions in mean arterial 


i pressure, especially in normotensive subjects,'® and the 
‘left coronary artery is exclusively perfused during dias- 
‘tole; therefore, a visceral hypoperfusion is unlikely to 


occur during treatment. with calcium antagonists or 
even with angiotensin-converting enzyme inhibitors, 
since both drugs have been shown not to be significantly 
effective in patients with a baseline ambulatory diastolic 
BP <85 or <80 mm Hg, respectively. These pressure 
levels are above the critical perfusion pressure,'’ at least 
in patients without any arterial stenosis. 
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Before prescribing, please see full prescribing information. A brief summary follows. 
INDICATIONS AND USAGE 
ACCUPRIL is indicated for the treatment of hypertension. It may be used alone or in combination with thiazide diuretics, 
in using ACCUPRIL, consideration should be given te the fact thatanother angiotensin-converting enzyme (ACE) inhibitor, cap- 
topril, has caused agranulocytosis, particularly in patients with renal impairment or collagen vascular disease. Available data 
are insufficient to show that ACCUPRIL does not have a similar risk (see WARNINGS). 
CONTRAINDICATIONS 
ACCUPRIL is contraindicated in patients wno are hypersensitive to this product and in patients with a history of angioedema 
related to previous treatment with an ACE inhibitor. 
WARNINGS 
— Angioedema of the face, extremities, ips, tongue, ES and larynx has been reported in patients treated with 
ACE inhibitors and has been seen in 0.1% of peters receiving AGCUPRIL. Angioedema associated with laryngeal edema can 
be fatal. If laryngeal stridor or angioedema of the face, tongue, onglottis occurs, treatment with ACCUPRIL should be discon- 
tinued immediately, the patient treated in accordanes with accepted medical care, and cario observed until the swelling 
disappears. In instances where swelling is confined to the face and lips, the condition generally resolves without treatment; 
antihistamines may be useful in relieving symptoms. 
Where there is involvement of the tongue, glottis, or larynx likelyto cause airway obstruction, emergency therapy neue, 
aOR to, subcutaneous epinephrine solution 1:1000 (0.3 to 0.5 mL) should be promptly administered Re ADVERSE 
Hypotension: Raa e hypotension was rarely seen in uncomplicated hypertensive patients treated with ACCUPRIL but, 
as with other ACE inhibitors, it is a possible consequence of therapy in salt/volume depleted patients, such as those previously 
treated with diuretics or dietary salt restriction or who are on dialysis (see PRECAUTIONS, DRUG INTERACTIONS, and 
ADVERSE REACTIONS). In controlled studies, syneope was observed in 0.4% of patients (N = 3203); this incidence was 
similar to that observed for captopril (1%) and enalapril (0.8%). 
In patients with concomitant congestive heart failure, with or without associated renal insufficiency, ACE inhibitor therapy may 
cause excessive Pm which may be associated with oliguria or azotemia and, rarely, with acute renal failure and death. 
In such patients, ACCUPRIL therapy should be started at the recommended dose under close medical supervision. These 
patients should be followed oie for the first 2 weeks of treatment and whenever the dosage of antihypertensive medication 
is increased (see DOSAGE AND ADMINISTRATION. 
If symptomatic hypotension occurs, the patient should be placed in the supine position and, if necessary, normal saline may 
be administered intravenously. A transient hypotensive response is not a contraindication to further doses; however, lower 
doses of ACCUPRIL or reduced concomitant diuretic therapy should be considered. 
Neutropenia /Agranulocytosis: Another ACE inhibitor, captopril, has been shown to cause agranulocytosis and bone marrow 
depression rarely in patients with uncomplicated hypertension, out more frequently in patients with renal impairment, espe- 
cially if they also have a collagen vascular disease:such as systemic lupus erythematosus or scleroderma. eo did 
occur tiy ACCUPRIL treatment in one pation with a history of neutropenia during previous captopril therapy. Available data 
from clinical trials of ACCUPRIL are insufficient to show that, in patients without prior reactions to other ACE inhivitors, 
ACCUPRIL does not cause agranulocytosis at similar rates. As with other ACE inhibitors, periodic monitoring of white blood 
cell counts in patients with collagen vascular disease and/or renal disease should be considered 
Fetal/Neonatal morbidity and mortality: ACE innibitors. including ACCUPRIL, can cause fetal and neonatal morbidity and 
mortality when administered to pregnant women 
When ACE inhibitors:have been used during the sacond and third 
trimesters of repnani, there have been reportsof hypotension, T I 
renal failure, skull hypoplasia, and death. Oligohydramnios has lew: 
also been reported, presumably resulting from decreased fetal 
renal function; oligohydramnios has been associeted with fetal 
limb contractures, craniofacial deformities, hypoplastic lung 
development, and intrauterine growth retardation 
Prematurity and patent ductus arteriosus have been reported, 
although it is not clear whether these occurrences were due to 
the ACE-inhibitor exposure or to the mother's underlying dis- 
ease. It is not known whether exposure limited te the first 
trimester can adversely affect fetal outcome. 
A patient who becomes pregnant while taking ACE inhibitors, or who takes ACE inhibitors when already pregnant, should be 
apprised of the potential hazard to her fetus. If she continues to receive ACE inhibitors during the second or third trimester of 

manare frequent ultrasound examinations should be performed to loox for oligohydramnios. When oligohydramnios is 

und, ACE inhibitors should generally be discontinued 
Infants with histories of in utero exposure to ACE inhibitors should be closely observed for rg Oliguria, and hyper- 
kalemia. If oliguria occurs, attention should be directed toward support of blood pressure and renal perfusion. Hemodialysis 
and peritoneal dialysis have little effect on the elimination of quinapril and quinaprilat. 
No fetotoxic or teratogenic effects were observed in rats at quinapril doses as high as 300 mg/kg/day (180 and 30 times the 
maximum daily human dose when based on mg/kg and mg/m’, respectively), despite maternal toxicity at 150 mg/kg/day. 
Tested later in gestation and during lactation, reduced offspring body weight was seen at =25 mg/kg/day, and changes in 
renal histology (juxtaglomerular cell hypertrophy, tubular/peivic dilation, glomerulosclerosis) were observed both in dams anc 
offspring treated with 150 mg/kg/day Quinapr’ was not teratogenic in the rabbit; however, as noted with other ACE inhibitors, 
maternal toxicity and embryotoxicity were seen in some rabbits at quinapril doses as low as 0.5 mg/kg/day (one time the 
recommended human dose) and 1.0 mg/kg/day. respectively 
PRECAUTIONS 
General 
Impaired renal function: As a consequence of inhibiting therenin-angiotensin-aldosterone system, changes in renal function 
may be anticipated in susceptible individuals. In patients with severe heart failure whose renal function may depend on the 
activity of the renin-angiotensin-aldosterone system, treatment with ACE inhibitors, including ACCUPRIL, may be associated 
with obguria and/or progressive azotemia and rarely acute renal failure and/or death 
In clinical studies ok lal patients with unilateral or bilateral renal artery stenosis, increases in blood urea nitrogen and 
serum creatinine have been observec in — following ACE inhibitor therapy. These increases were almost always 
reversible upon discontinuation of the ACE inhibitor and/or diuretic therapy. In such patients, renal function should be mon- 
itored during the first few weeks of therapy. 
Some hypertensive patients with no apparent preexisting renal vascular disease have developed increases in blood urea and 
serumcreatinine, usually minor and transient. especially when ACCUPRIL has been given concomitantly with a diuretic. This 
is more likely to occur in patients witn preexisting renal impairment. Dosage reduction and/or discontinuation of any diuretic 
and/or ACCUPRIL may be required. 
Evaluation of hiyana patients should atways include assessment of renal tunction (see DOSAGE AND 
ADMINISTRATION). 
Hyperkalemia and potassium-sparing diuretics: In clinical trials, oo (serum potassium =5.8 mmol/L) occurred in 
approximately 2% of patients receiving ACCUPRIL. in most cases, elevated serum potassium levels were isolated values whieh 
resolved despite continued therapy. Less than 0.1% of patients discontinued therapy due to hyperkalemia. Risk factors for the 
development of hyperkalemia include renal insufficiency, diabetes mellitus, and the concomitant use of possim sparno 
diuretics, potassium penera and/or potassium-containing salt substitutes, which should be used cautiously, if at all, 
with ACCUPRIL (see PRECAUTIONS, Drug Interactions). 
Serer eee: In patients undergoing major surgery-or during anesthesia with agents that produce hypotension, 
AC IL will block angiotensin | formation secondary taxcompensatory renin release. If hypotension occurs and is consid- 
ered to be due toithis mechanism, it can be corrected by volume expansion. 
Information for Patients 
Angioedema: Angioedema, including laryngeal edema, can occur with treatment with ACE inhibitors, especially following the 
first dose. Patients should be so advised anc told to report immediately any signs or symptoms suggesting angioedema 
(swelling of face, extremities, eyes, lips, ooge difficulty in swallowing or breathing) and to stop taking the drug until they 
have consulted with their physician (see WARNINGS). 
nent hypotension: Patients should be cautioned that lightheadedness can occur, especially during the first few days 

UPRIL temps and that it should be reported to a peoa If actual syncope occurs, patients should be told to not take 
the drug until they have consulted with theirahysician (see WARNINGS). 
All patients should be cautioned that inadequate fluid intake or excessive perspiration, diarrhea, or vomiting can lead to an 
excessive fall in blood pressure because of reduction in fluid volume, with the same consequences of lightheadedness and 
possible syncope. 
pari panio undergo any surgery and/or anesthesia should be told to inform their physician that they are taking an 
inhibitor. 

Hyperkalemia: Patients should be told not to use potassium supplements or salt substitutes containing potassium without 
consulting their physician (see PRECAUTIONS). 
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Neutropenia: Patients should be told to report promptly any indication of infection (eg, sore throat, fever) which could be a 
sign of neutropenia. 

NOTE: As with many other drugs, certain advice to patients being treated with ACCUPRIL is warranted, This information is 
intended to aid in the safe and effective use of this medication. It is not a disclosure of all possible adverse or intended effects. 


Concomitant diuretic therapy: As with other ACE inhibitors, patients on diuretics, especially those on recently instituted 
iee oriy; may occasionally experience an excessive reduction of blood pressure after initiation of therapy with _ 
ACCUPRIL. The possibility of hypotensive effects with ACCUPRIL may be minimized by either discontinuing the diuretic or 
cautiously increasing salt intake prior to initiation of treatment with ACCUPFIL. If it is not possible to discontinue the diuretic, 
the starting dose of quinapril should be reduced (see DOSAGE AND ADMINISTRATION). 


Agents increasing serum potassium: Quinapril can attenuate potassium loss caused by thiazide diuretics and increase serum 
potassium when used alone. If concomitanttherapy of ACCUPRIL with potassium-sparing diuretics (eg, spironolactone, 
triamterene: or amiloride), potassium supplements, or potassium-containing salt substitutes is indicated, they should be used 
with caution along with appropriate monitoring of serum potassium (see PRECAUTIONS) 


Tetracycline and other drugs that interact with magnesium: Simultaneous administration of tetracycline with ACCUPRIL 
reduced the absorption of tetracycline by approximately 28% to 37%, possibly due to the high magnesium content in 
ACCUPRIL tablets. This interaction should be considered if coprescribing ACCUPRIL and tetracycline or other drugs that 
interact with magnesium. 


Lithium: Increased serum lithium levels and symptoms of lithium toxicity have been reported in patients receiving concomi- 
tant lithium and ACE inhibitor therapy. These drugs should be co-administered with caution, and frequent monitoring of serum 
lithium levels is recommended. If a diuretic is alsovused, it may increase the risk of lithium toxicity. 


Other agents: Drug interaction studies of ACCUPRIL with other agents showed: 

+ Multiple dose therapy with propranolol oncimetidine has no effect on the pharmacokinetics of single doses of ACCUPRIL. 

+ The anticoagulant effect of a single dose of warfarin (measured by prothrombin time) was not significantly changed by 
quinaprilscoadministration twice-daily. 

+ ACCUPRIL treatment did not affect the pharmacokinetics of digoxin. 

No leech bot a interaction was observed when single doses of ACCUPRIL and hydrochlorothiazide were administered 
concomitantly. 


Carcinogenesis, Mutagenesis, Impairment of Fertility 
Quinapril hydrochloride was not carcincgenic in mice or rats when gren in doses up to 75 or 100 mg/kg/day (50 to 60 times 
the maximum human daily dose, respectively, on a mg/kg basis and 3.8 to 10 times the maximum human daily dose when 
based on a mg/m’ basis) for 104 weeks. Female rats given the highest dose level had an increased incidence of mesenteric 
lymph node hemangiomas and skin/sudcutaneous lipomas. Neither quinapril nor quinaprilat were mutagenic in the Ames bac- 
terial assay with or without metabolic activation. Quinapril was also negative in the following genetic toxicology studies: in 
vitro mammalian cell point mutation, s:ster chromatid exchange in cultured mammalian cells, micronucleus test with mice, in 
vitro chromosome aberration with V79 cultured lung cells, and in an in vivo cytogenetic study with rat bone marrow. There 
were no adverse effects on fertility or reproduction in rats at doses up to 100 mg/kg/day (60 and 10 times the maximum daily 
human dese when based on mg/kg and mg/m’, respectively). 
Pregnancy 
Pregnancy Category D: See WARNINGS, Fetal/Neonatal 
morbidity and mortality. 
Nursing Mathers 
Itis not known if quinapril or its metabolites are secreted in 
human milk. Quinapril is secreted to a limited extent, however, in 
milk of lactating rats (5% or less of the plasma drug concentra- 
tion was found in rat milk). Because many drugs are secreted in 
human milk, caution should be exercised when ACCUPRIL is 
ha to a aursing mother. 

eriatric Use 
; Elderly patients exhibited increased area under the plasma con- 
centration time curve (AUC) and peak levels for quinaprilat compared to values observed in younger patients; this appeared to 
relate todecreased renal function rather than to age itself. In controlled and uncontrolled'studies of ACCUPRIL where 918 
(21%) patients were 65 years and older, no overall differences in effectiveness or safety were observed between older and 
younger patients. However, greater sensitivity of some older individual patients cannot be ruled out. 
Pediatric Use 
The safety and effectiveness of ACCUPRIL in children have not been established 
ADVERSE REACTIONS 
ACCUPRIL has been evaluated for safaty in 4960 subjects and patients. Of these, 3203 
participated in controlled clinical trials. ACCUPRIL has been evaluated for long-term 
1 year or more. 
Adverse experiences were usually mid and transient. 
Discontinuation of therapy because cf adverse events was required in 4 7% of patients treated with ACCUPRIL in placebo- 
controlled hypertension trials. 
Adverse experiences probably or possibily related to therapy or of unknown relationship to therapy occurring in 1% or more of 
the 1563 patients in placebo-controllad nypertension trials who were treated with ACCUPRIL are shown below. 

Adverse Events in Placebo-Centrolled Trials 





ients, including 655 elderly patients, 
y in over 1400 patients treated for 


ACCUPRIL Placebo 

(N= 1563) N=579) 

Incidence incidence 

(Discontinuance) (Discontinuance) 

Headache 5.6 (0.7 10.9 a 
Dizziness 3.9 (0.8 2.6 (0.2 
Fatigue 2.6 (0.3 1.0 
Coughing 2.0 (0.5 0.0 
Nausea/Vomiting 1.4 (0.3 1.9 (0.2) 
Abdominal Pain 1.0 (0.2 0.7 


Clinical adverse experiences probably or yt related, or of uncertain relationship to therapy, occurring in 0.5% to 1.0% 
(except as noted) of the patients t with ACCUPRIL (with or without concomitant diuretic) in controlled or uncontrolled 
trials (N = 4397) and less frequent, clinically significant events seen in clinical trials or post-marketing experience (the rarer 
events are in italics) include (listed by’Dody system) 

General: back pain, malaise 

Cardiovascular: palpitation, vasadilation, tachycardia, heart failure, hyperkalemia, myocardial infarction, cerebrovascular 
accident, hypertensive crisis, angina pectoris, orthostatic hypotension, cardiac rhythm disturbances 

Gastrointestinal: dry mouth or throat, constipation, gastrointestinal hemorrhage, pancreatitis, abnormal liver function tests 
Nervous/Psychiatric: somnolence. vertigo, syncope, nervousness, depression 

Integumentary: increased sweating, pruritus, exfoliative dermatitis, photosensitivity reaction 

Urogenital: acute renal failure 

Other: amblyopia, pharyngitis, sinusitis, bronchitis, agranulocytosis, thrombocytopenia 

Angioedema: angioedema has been pares in patients receiving ACCUPRIL (0. 1%). Angioedema associated with laryngeal 
edema may be fatal. If angioedema o! the face, extremities, lips, tongue, glottis, and/or any occurs, treatment with ACCU- 
PRIL should be discontinued and appropriate therapy instituted immediately. (See WARNINGS.) 

Clinical Laboratory Test Findings 

Hematology: (See WARNINGS) 

Hyperkalemia: (See PRECAUTIONS) 

Creatinine and blood urea nitragen: Increases (>1.25 times the upoer limit of normal) in serum creatinine and blood urea 
nitragen were observed in 2% anc 2%, respectively, of patients treated with ACCUPRIL alone. Increases are more likely to 
oar in patenis receiving concomitant diuretic therapy than in those on ACCUPRIL alone. These increases often remit on 
continued therapy. 


* In some patients, the antihypertensive effect may diminish toward the 
end of the once-daily dosing interval. In such patients, an increase in 
dosage or twice-daily administration may be warranted. 
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“in secondary hypertrophy from chronic pressure 


= or volume overload, or hoth, systolic as well as 


diastolic abnormalities of left ventricular (LV) 
function have been described, but their relation 
has not been defined. In 58 patients with aortic 
valve disease (28 with aortic valve stenosis, and 
30 with aortic regurgitation) and in 11 control 
subjects, LV biplane cineangiography was per- 
formed simultaneously with LV high-fidelity pres- 
sure measurements. LV ejection performance was 
assessed by ejection fraction, and diastolic func- 
tion by the time constant of LV pressure decay, 
the early and late peak filling rates, and the con- 
stants of chamber (pressure-volume relation) and 
myocardial stiffness (stress-strain relation). 

In the entire cohort (n = 69), ejection fraction 


| was inversely related to the time constant of LV 


relaxation (r = —0.58, p <0.001) and to the con- 
stant of myocardial stiffness (r = —0.62, p 
<0.001). Despite preserved systolic contractile 
function (as evaluated from the ejection fraction- 
mean systolic stress relation), abnormalities in LV 
diastolic function were present in 9 of 18 patients 
with pressure overload and 20 of 22 with volume 
overload. None of the 58 patients with aortic valve 
disease had a reduced early peak filling rate, 
whereas a reduction in late peak filling rate was 
observed in 3 with aortic stenosis, but in none 
with aortic regurgitation. 
>) Thus, it appears that abnormalities of relaxa- 
tion and passive diastolic myocardial stiffness pre- 
cede alterations in myocardial contractility. As- 
sessment of peak filling rates is not helpful to de- 
tect diastolic dysfunction in patients with aortic 
valve disease. 

(Am J Cardiol 1992;69:927-934) 
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yocardial hypertrophy is an adaptive process 
M tends to normalize elevated wall stress 

and to preserve systolic pump function of the 
heart. It has to be recognized that compensatory mech- 
anisms, such as hypertrophy, may influence adversely 
left ventricular (LV) diastolic function.! The effect of 
overload hypertrophy on systolic and diastolic function 
was studied extensively in the past, 7 but their inter- 
relation has not been defined clearly. The interplay be- 
tween inotropic and lusitropic effects, as well as be- 
tween diastolic passive elastic properties and systolic 
ejection performance, is complex and has not been eval- 
uated in the clinical setting. Furthermore, previous re- 
ports showed conflicting results concerning the adapta- 
tion of the left ventricle to pressure or volume over- 
load.?-? Murakami et al? demonstrated that LV filling 
may vary depending on the degree of LV hypertrophy 
and systolic ejection performance in patients with aortic 
stenosis. Osbakken and Bove? reported that abnormal 
diastolic function was associated with a reduction in sys- 
tolic ejection function in severe volume overload. More 
recently, Corin and et al* showed an inverse relation 
between the constant of myocardial stiffness and systol- 
ic ejection fraction in patients with mitral regurgitation. 
In the present study, the relation between measures of 
LV systolic and diastolic function was investigated in 
patients with aortic valve disease. 


METHODS 

Patients: Fifty-cight patients (24 women and 34 
men, mean age 50 + 13 years, range 18 to 72) with 
severe aortic valve disease, and 11 controls subjects 
(mean age 48 + 12 years, range 38 to 65) were included 
in the present analysis. Patients were divided into 3 
groups: group 1 consisted of 11 patients (5 women and 
6 men) who were evaluated for atypical chest pain and 
were found to have no cardiovascular disease; group 2 
consisted of 28 patients (11 women and 17 men) with 
aortic stenosis (mean aortic valve area 0.61 cm’, range 
0.36 to 1.0; regurgitant fraction <15%); and group 3 
consisted of 30 patients (13 women and 17 men) with 
pure or predominant aortic regurgitation (mean regur- 
gitant fraction 57%, range 35 to 72; aortic valve area 
>1.10 cm’). Mean age was not different. in the 3 
groups. Mean New York Heart Association functional 
class was 1.7 + 0.4.in the group with aortic stenosis, 
and 1.8 + 0.5 in that with aortic regurgitation. Patients 
with coexistent mitral insufficiency or coronary artery 
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disease were excluded from the present study. All pa- 
tients were in sinus rhythm... 

Cardiac catheterization: Informed consent was ob- 
tained from all patients. Cardiovascular medications 
were withheld 12 to 24 hours before the procedure. Pre- 
medication consisted of chlordiazepoxide (10. mg) given 
orally 1 hour before catheterization. Right and left 
heart catheterization was performed in all cases. Bi- 
plane left ventriculography was performed in the right 
(30-degree) and left (60-degree) anterior oblique pro- 
jection (Cardioscope, Siemens-Albis, Zurich, Switzer- 
land) at a filming rate of 50 frames/s. LV pressure 
was measured simultaneously with ventriculegraphy by 
means of a Millar 7Fr micromanometer-catheter intro- 
duced transseptally into the left ventricle with an 11.5Fr 
Brockenbrough guiding catheter. Central aortic pres- 
sure was measured through a fluid-filled 8Fr pigtail 
catheter. All pressures were recorded at a paper speed 
of 250 mm/s (Electronics for Medicine, VR-12) with a 
standard lead of the electrocardiogram, the first deriva- 
tive of LV high-fidelity pressure (dP/dt) and the time 
marks corresponding with the digital numbers on the 
angiographic images.2+° 

Left atrial pressure was measured transseptally be- 
fore LV cineangiography. Left atrial v-wave pressure 
was considered to represent “mitral valve opening pres- 
sure.” In control subjects (in whom left atrial pressure 
was not measured directly because no transseptal punc- 
ture was performed), mitral valve opening pressure was 
considered as the LV pressure occurring at the time at 
which unopacified blood first entered the ventricle in 
the angiogram. This pressure correlated well with the 
transseptally measured v-wave pressure.’ 

LV silhouettes were drawn manually from an ade- 
quately opacified sinus beat, excluding extrasystolic and 
postextrasystelic beats. LV volumes were determined on 
a frame-by-frame basis for 1 cardiac cycle using the 
area-length method.’ Dimensional and volume data 
were filtered using the moving average technique.** LV 
pressure tracings were digitized for 1 cardiac cycle us- 
ing an electronic digitizer (Numonics Corp., Mont- 
gomeryville, Pennsylvania) and interfaced to a comput- 
er (PDP-11/34, DEC, Maynard, Massachusetts). Pres- 
sure and volume data were analyzed every 20 ms for | 
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cardiac cycle. End-diastole was defined as the time 
point of the rapid upstroke of dP/dt. End-systole was 
considered to occur at the time of aortic valve closure 
(incisural pressure). LV end-diastolic wall thickness and 
muscular mass were determined. according to the meth- 
od of Rackley et al? Instantanzous LV wall thickness 
was calculated for each cineframe throughout the cardi- 
ac cycle using the method of Hugenholtz et al.!° 

Systolic function: Circumferential wall stress was 
calculated for each cineframe from a simplified version 
of Mirsky’s thick wall model (see Appendix).!! Mean 
systolic wall stress was defined as the wall stress occur- 
ring during the systolic ejection period.!? 

SUBGROUPS: Patients with aortic valve disease were 
grouped according to their actual level of systolic con- 
tractile function. Subgroup 2a consisted of 18 patients 
with aortic stenosis and normal contractility, and sub- 
group 2b of 10 patients with aortic stenosis and de- 
pressed contractile function. Subgroup 3a consisted of 
22 patients with aortic regurgitation and normal con- 
tractile function, and subgroup 3b of 8 patients with 
aortic regurgitation and depressed contractility. 

Normal systolic contractile function was defined 
on the basis of the ejection fraction~mean systolic 
wall stress relation.'? The normal range and 95% pre- 
diction limits are given by the 11 contro! patients (Fig- 
ure 1). Those patients with values below this range were 
considered to have depressed contractile function (Fig- 
ure 1). 

Diastolic function: Diastolic function was evaluated 
from isovolumic relaxation, peak diastclic filling rates 
and passive elastic properties. 

LV relaxation was assessed from the time constant 
of isovolumic pressure decline beginning from maxi- 
mum negative dP/dt and ending when pressure had de- 
creased to 5 mm Hg above LV end-diastolic pressure." 
Three different methods were used: (1} Time constant 
(ra) was calculated as the negative reciprocal of the 
slope of the linear relation between LV pressure and 
negative dP/dt, according to Raff and Glantz.'* (2) 
Pressure-halftime (tw = time until LV pressure at peak 
negative dP/dt decreased to 50% of its initial value) was 
determined from the exponential pressure-time relation 
with zero asymptote.'> (3) Pressure~halftime (ty) was 


FIGURE 1. Afterload-shortening relation- 
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early peak filling rate and in the second half of diastole 
the late peak filling rate. The filling phase was consid- 
ered to begin 20 ms before the first frame showing the 
entry of unopacified blood into the left ventricle and to 
end at end-diastole. Instantaneous diastolic filling rates 
were calculated every 20 ms after mitral valve opening 
(see Appendix). To minimize error due to random 
„noise, raw data were filtered using the fifth-grade mov- 
ing average.’ 
Passive elastic properties were determined during 
the period from minimum ventricular pressure to end- 
diastole. LV chamber (pressure-volume relation) and 
myocardial (stress-strain relation) properties were cal- 
culated in each patient, using an exponential model with 
shifting asymptote (see Appendix).*~® 
The normal limits for each parameter are defined as 
mean value + 2 SD obtained from the control group. 
Statistics: Comparisons among control subjects, and 
patients with aortic stenosis and regurgitation were per- 
-formed by 1-way analysis of variance. When the analy- 














TABLE I Systolic Function Parameters | TABLE Il Diastolic Function Prameters 
: Aortic | Control Aortic Aortic 
Control Subjects. Aortic Stenosis Regurgitation Subjects Stenosis Regurgitation 
: {n= 11) {n= 28) fn = 30) (n= 11) (n = 28) (n= 30) 
q HR (beats/min) 75 + 12 77 * 13 74413 f Relaxation 
eo LYSP (mm Hg) 130 + 14 212 + 324§ 147 t 24 Ta (ms) It gae 66-2 25* 73.2 23t 
LVEDP (mm Hg) ll +2 23 + 9 2G + 9} tw (ms) 27H" 3427 33.4.6 
EDVI (mi/m?} 82 + 15 95 = 19$ 195 + 55t tm (ms) 29-47 35 +8 3447 
ESVI (ml/m?) 2847 35 2 17§ 79 + 314 Filling 
EF (%) 66 +3 63+ 15 66+ 10 MVOP (mm Hg) 10 +2 22 + 124$ 1649 
WTh (cm) 0.78 + 0.07 1,30+0.15¢§ 1.07 + 0.18 PFRI (mi/m?/s) 269 + 91 302 + 96) 462: #: 1574 
LMMI (g/m?) B5 +414 169 + 364 191 + 46} PFR2(mli/m2/s) 181 +44 248 + 114i 388. + 2014 
SM (kdyne/cm?) 257 + 42 276 + 57 306 + 63* Passive elastic 
*p <0.05, tp <0.01, tp <0.001 vs control subjects; $p <0.001 vs aortic q properties i 
regurgitation. aaa e f ESV P b* (1/mi/m?) 0.044 + 0.026 0.070 + 0.035% 0.040 + 0.031 
=æ end-diastolic volume; EF = ejection fraction; ESVI = “systolic vol A fae a 
HR = heart rate; IMMI = left Ventheular raas: LVEDP = left vantricular end.diastohe c* (mm Hg) 0.5 + 5.0 9.9 = 8.2t 5.9277 
pressure; LVSP = left ventricular peak systolic pressure; Sm = mean systolic b’ 3.5 +18 10.5 + 5.6* 7.7282 
circumferential wall stress; WTh =erid-diastolic wall thickness. b 9.9 + 3.3 20.4 + 15.5* 26.9 + 12.7t 
c (kdyne/cm?) -0.7 + 6.1 13.0 + 11.4* 17.9 + 18.2t 
š " s $ jects; .05, | s iS 
calculated from the exponential pressure-time relation aore regurgitation, S ? ia "i a in i fees i 
i ifti i = b= tant yocardial stiffness; b* = constant of chamber stiffness; D = 
with shifting asy. mptote using the 3 constants model nonnalized constanta: chamber stitivess; € = asymptote of the stress-strain relation; 
(see Appendix) 16 c* = asymptote of the pressure-volume relation; MVOP = mitral valve opening 
. È r pressure; PFRI and PFR2 = peak filling rates during the first and second half of 
Peak diastolic filling rate was defined as the largest diastole, respectively; ta = time constant calculated from the linear relation between 
. ee) 3 pressure and negative dP/dt; ty = pressure halftime calculated from exponential 
value of diastolic inflow (ml / m?/s); the greatest value relation with shifting asymptote between pressure and time; tw = pressure hatitime l 
* : * f; lag) n pressure and time. 
occurring in the first half of diastole was termed the | 0202109 fom exponential relation with zero asymptote beween P | 





sis was significant, the Scheffe procedure was applied. 
Linear regression analysis between measures of systolic 
and diastolic function was calculated by the least- 


squares method. Comparison of the various indexes of 


LV diastolic function in the 4 subgroups was performed 
by the chi-square procedure. In all tables, mean values 
+ 1 SD are given. 


RESULTS 

Systolic function data: Heart rate was not different 
among the 3 groups. Hemodynamic data of the 3 
groups of patients are listed in Table I. 


Diastolic function data: Diastolic function data. of 


the 3 groups of patients are listed in Table H. A signifi- 
cant difference in tq between the 3 groups was. ob- 
served. The pressure-halftimes tw and tm, were not dif- 
ferent among the 3 groups. 

Correlations between systolic and. diastolic func- 
tions (Table Ill): In aortic stenosis, ejection fraction is 
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: | TABLE Hi Correlations Between Ejection Fraction and Indexes of Diastolic Function 
































All Patients Aortic Stenosis Aortic Regurgitation 
(n = 69} (n = 28) (n = 30} 

r p Value p Value f p Value 
EF vs ta ~0,58 <0.001 -0,65 <0.001 ~0.46 <0.01 
EF vs tw ~0.33 <.05 ~0.32 NS ~0.31 NS 
EF vs tm -0.28 <0.05 -0.23 NS —0.32 NS 
EF vs MVOP -0.30 <0.05 0:48 <0.01 0.04 NS 
EF vs PFR1 0.18 NS 0.36 <0.05 0.48 <0.01 
EF vs PFR2 0.36 <0.05 0.37 <0,.05 ~0.03 NS. 
EF vs b* -0.04 NS -0.11 NS 0.06 NS 
EF vs c* -0.29 <0.05 -0.33 NS ~0.27 NS 
EF vs b’ 0.41 <0.01 -0.56 <0.01 ~O.31 NS 
EF vs b -0.62 <0.001 -0:71 <0.001 ~0.29 <0:05 
EFysc ~Q.59 <9.001 -0.68 <0.001 -0.35 <0.05 

; a NS = not significant; r = correlation coefficient; other abbreviations as in Tables | and It. | 
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slated to Fa: mitral vahe opening pressure 
and the constant of myocardial stiffness, but is directly 
related to early and late peak filling rates. In aortic re- 
gurgitation, ejection fraction is inversely related to ra 
and to the constant of myocardial stiffness, but also di- 
rectly related to peak filling rate during early diastole. 
Inthe entire cohort (r= 69) there was an inverse rela- 
tion between ejection fraction and relaxation for all 3 
methods ‘used. However, the highest correlation was 
found using the derivative method (Figure 2).'4 There 
was also an inverse relation between ejection fraction 
and the constant of myocardial stiffness (Figure 3). 
Only a weak positive correlation was found between 
ejection fraction and late peak filling rate, whereas a 
poor negative correlation was evident between ejection 
fraction and mitral valve opening pressure (Figure 2). 
No correlation was found between ejection fraction and 
the constant of chamber stiffness (Figure 3), but there 


was a weak relation between ejection fraction and the 








constant of normalized cl mber stiffness (Table I): 

Diastolic function in patients with normal and de- 
pressed contractile function: Diastolic function data of 
the 4 subgroups of patients with normal: and depressed 
contractile function are listed in Tables IV and V. 

The incidence of abnormal diastolic function param- 
eters in the 4 subgroups are shown in Figure 4. Of the 
18 patients with aortic stenosis and normal. systolic 
function (subgroup 2a); 6 (33%) had a prolonged (>67 
ms = upper limit of normality) time constant of relaxa- 
tion, none had a depressed early peak filling rate, | 
(6%) had a depressed late peak filling rate (<93 ml/ 
m?/s = lower limit of normality), and 5 (28%) had an 
increased (>16.5 = upper limit of normality) constant 
of myocardial stiffness. Of the 10 patients with aortic 
stenosis and depressed systolic function (subgroup 2b), 
(60%) had a prolonged time constant of LV pressure 





Ejection fraction versus mitral valve opening pressure | 


Ejection traction (%) 
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Mitral valve opening pressure (mm Hg) 


-Ejection fraction (%) 





controls $aortic stenosis 


Ejection fraction versus time constant of LV pressure decay l 
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< Time constant of left ventricular pressure decay (msec) 


maortic regurgitation. 


FIGURE 2. Inverse relations between ejec- 
tion fraction and mitral valve opening 
pressure (top), and ejection fraction and 
time constant of left ventricular (LV) pres- 
sure decay (bottom). 
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Z tion. and constant of chamber stiffness, 








: lecay, none. o tad. a a carly peak filling rate, 2 
(20%) had a depressed late peak filling rate, and 10 
(100%) had an increased constant of myocardial stiff- 
hess. Of the 22 patients with aortic regurgitation and 

ormal systolic function (subgroup 3a), 12 (54%) had a 


Diastolic dysfunction (as assessed by =1 abnormal 
index of diastolic function) was present despite normal 
systolic function in 9 of 18 patients (50%) with aortic 
stenosis (subgroup 2a). and in 20 of 22 (91%) with aor- 
tic regurgitation (subgroup 3a). 





prolonged time constant of relaxation, none had a de- 
pressed early or late peak filling rate, but 18 (82%) had 
an elevated constant of myocardial stiffness. Of the 8 

atients with aortic regurgitation and depressed systolic 
function (subgroup 3b), 6 (75%) had a prolonged time 
constant of LV pressure decay, none had a reduced ear- 
ly or late peak filling rate; but 8 (100%) had an in- 
creased constant of myocardial stiffness. A significant 
difference between subgroup 2a and 2b, as well as be- 
tween 2a and 3a, was observed only for the constant of 
myocardial stiffness (Figure 4). 


TABLE IV indexes of Relaxation-in Subgroups with Normal and 
Depressed Contractility 


i 
| 











Aortic Stenosis Aortic PPT E 
Control — 
Subjects 2a 2b 3a 3b. 
(a=11) m= 18) (m= 10) (n= 22) (a= 8} 
tams) 43412 58419 84425*¢ 644 I7} 91 x L5*t§ 
twims) 2746 3227 37 +7 32 +8 36 + 5 
tu(ms) 29+7 3328 38+8 3348 36 t5 





m *p <0.01 vs control subjects; tp <0.01 vsZartp <0.05 vs 2b; §p <0.01 vs 3a, | 


Abbreviations as in Tabledi. 














Ejection fraction (%) 
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` FIGURE 3. Relation between ejection frac- 
tion and passive diastolic properties. 
There is no relation between ejection frac- 


whereas there is significant (p <0.001) in- 
verse relation between ejection fraction 
ae Aa oh prpocar tel sithowee: 





Ejection fraction versus constant of myocardial stiffness 
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Ejection fraction versus constant of chamber stiffness 
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TABLE v Diastolic Function in Subgroups with Normal and Depressed Contractility 
Aortic Stenosis Aortic Regurgitation 
Control Subjects 2a eb 3a 3b 
{n= 11) (n= 18} m= 10) {n= 22) {n = 8) 
MVOP (mm Ha) 10+2 1829 30.4 12493 158 18+ 10 | 
EF (%) 6624 5948 46 + 115$ 61 + 7tt 49 = 5199 
PFRI (ral/m2/min) 259 + 91 309 + 105 290 + 75|} 515 + 14344 336 + 118#t 
PFR2 (ral/m? min) 181 + 44 275 £ 115 185 + 93 395 + 219** 400 + 134t 
b* (L/mi/m2) 0.044 + 0.026 0.063 + 0.04) t+ 0.083 + 0.037" 0.033 + 0.022** 0.958 + 0.63 
b 9.94 3.3 14.2 + 10.0 33.6 + 17.27§ 25.3 £ 10.2*§ 30.2 + 17.015 | 
*p <0.08, tp <001, ¢p <G.00I vs control subjects; §p <0.05,]p < 0.01, fo <0.001 vs 2a; **p <0.05, tto <0.91 vs 2b; fin < 0.05, $50 <G.01, fp < 0.001 vs 3a. 
Abbreviations as in’ Tables | amd 1i. 








DISCUSSION 

The effect of pressure and volume overload on ven- 
tricular function has been studied extensively, but the 
analysis of diastolic function in response to abnormal 
loading conditions has shown conflicting results, partic- 
ularly during the passive filling phase. Passive elastic 
stiffness has been found to be normal or decreased? in 
pressure or volume overload. It is possible that differ- 
ences in systolic. performance may account for such het- 
erogeneity of diastolic properties; in fact, no study has 
directly correlated diastolic function parameters to sys- 
tolic ejection performance or contractility. Moreover, 
only a few studies? analyzed separately indexes reflect- 
ing relaxation, filling and passive diastolic function. 
Thus, the purpose of the present study was to evaluate 
the relation between systolic and diastolic function in 
LV hypertrophy secondary to chronic overload due to 
aortic valve disease. 

Systolic versus diastolic function: The relation be- 
tween systolic and diastolic function within the frame- 
work of the hemodynamic control has been assumed to 
be concordant (i.e., in the presence of systolic dysfunc- 


tion, diastolic function abnormalities are expected to oc- 
cur, and vice versa). However, Weber!’ demonstrated in 
an animal model that collagen remodeling can influence 
systolic and diastolic properties in opposite ways. An in- 
crease in ventricular interstitial collagen was thought to 
increase the capability of the myocytes to generate force 
(preserved systolic function) by reducing the dissipation 
of force, and to increase diastolic stiffness (depressed 
diastolic function) by a direct effect of the collagen on 
myocardial stiffness.5'!’ Therefore, an impairment of 
diastolic function may precede the reduction of systolic 
performance. 

The major findings of the present study were inverse 
relations between systolic ejection fraction and time 
constant of LV pressure decay (Figure 2), mitral valve 
opening pressure (Figure 2) and constant of myocardial 
stiffness (Figure 3). There was only a weak correlation 
between ejection fraction and late peak filling rate (Ta- 
ble IHI) mainly due to the large scatter in patients with 
aortic regurgitation. No. correlation was found between 
ejection fraction and early peak filling rate, nor between 
ejection fraction and the constant of chamber stiffness 
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(> 65 msec} & G (< 87 mi/m®sec) 8 | 2 | 
6/18 | 6/10 0/18 | 010 | 
| | 
| gt 
| & ® 3) 
| 12/22 | 6/8 | 0/22 | 08 FIGURE 4. Incidence of abnormalities of 
| | i || evaluated parameters of diastolic function 
: in the 4 subgroups. In patients with aortic 
stenosis, incidence of increased constant 
of myocardial stiffness (b) is ‘ower in pres- 
ence of preserved contractility (2a) than in 
those with depressed contractile state 
(2b). Incidence of increased b was also 
pion higher in aortic regurgitation (3a) than in 
py aortic stenosis (2a) with preserved con- 
tractility.. No differences between sub- 
PFR2 a a r ia le l@ || groups existed for time constant of left 
| (< 89 mimise | ee i ventricular pressure decay (74), and for 
. | ine. | 2/10 | | sas | 1070 rs (PER) and late (PFR2) peak filing 
| rates. 
L | 
a p<0:001 | ea 
oh pga | one - 18/22 | 8/8 
bao | na | 











(Figure 3). Generally, a decreased ejection fraction was 





associated with prolonged relaxation and augmented 
_ myocardial stiffness, but diastolic abnormalities also oc- 
_ eurred frequently in patients with normal systolic con- 
|< tractile function (i.e., 50% in aortic stenosis, and 91% in 
| aortic regurgitation). Systolic dysfunction was observed 
- -in none of our patients when diastolic stiffness was nor- 
<o mal-and in 6 of 18 (33%) when relaxation was normal 
__ (Figure 4). This seems to indicate an enhanced sensitiv- 
ity of passive diastolic myocardial properties and relaxa- 
tion to detect functional abnormalities in patients with 
aortic valve disease or that these functional abnormali- 
ties precede systolic dysfunction. Peak filling rates (both 
early and late) did not detect any LV dysfunction, being 
seldom depressed in patients with unequivocal patholog- 

ic systolic function (Figure 4). 

It has to be assumed that the myocardial process 
that is responsible for the reduction of systolic function 
(biochemical, humoral or structural) is also responsible 
for diastolic dysfunction. It has been shown that after- 
load mismatch!2:!8 or abnormal contractile function, or 
:both,!>!? are responsible for the reduction of systolic 

ejection performance, whereas diastolic dysfunction was 
observed in the presence of structural alterations with 
increased interstitial fibrosis.°2° However, an inverse re- 
lation between ejection fraction and time constant of re- 
laxation may be predictable on theoretical grounds, 
because ejection fraction decreases with afterload in- 
crease, whereas time constant of relaxation increases 
with an increase in afterload. This inverse relation has 

|. been observed in systemic hypertension.*! Similar al- 
though less good correlations were observed between 
ejection fraction and tw and ty (Table III). Recently, 
a Krayenbuehl et al? reported a close inverse relation be- 

| tween ejection fraction and muscle fiber diameter, but 
not between ejection fraction and percent interstitial fi- 
brosis. Several studies®.34 demonstrated a direct rela- 

tion between interstitial fibrosis and the constant of 
myocardial stiffness. Ritter et al?* demonstrated a cor- 
relation between systolic muscle stiffness constant and 
myocardial fiber diameter, whereas diastolic myocardial 

_-. stiffness constant correlated with interstitial fibrosis, but 
-notwith muscle fiber diameter. These observations sug- 
gest that the process of ventricular hypertrophy influ- 
ences both the cellular (myocyte) size and the intersti- 
-C tium, and leads ultimately to abnormalities in both sys- 
-tolic and diastolic functions.!”?3 However, this process 

is a dynamic one, and systolic and diastolic functional 
derangements may not always occur at the same time. 

This fact could explain the scatter of the data in the 
present analysis (time-dependency) (Figures 2 and 3). 
Effect of pressure- and volume-overioad hypertro- 

phy: The reliability of various functional parameters as 
indicators for an abnormal contractile state was evalu- 

ated previously. Systolic ejection fraction was reported 

- tobe a sensitive measure for the detection of myocardial 
dysfunction in various pathologic states,*° but this pa- 
rameter is known to be afterload-dependent and thus, 

- may be misleading in patients with aortic stenosis or 
-regurgitation having an increased afterload. Therefore, 
to define the level of systolic contractile state, patients 
— with aortic valve disease were subgrouped according to 














whether the shortening-afterload relation was normal or 
abnormal (Figure 1). In the presence of normal systolic 
contractility (subgroups 2a and 3a), the mean values for 
the time constant of relaxation and for the constant of 
myocardial stiffness are normal in chronic pressure, but 
abnormal in chronic volume overload (Tables IV and 
V). However, it should be noted that these indexes are 
abnormal in one third of patients in subgroup 2a, and 
also in two thirds of those in subgroup 3a (Figure 4). 
Why in the presence of normal contractility there is 
more discordance between systolic and diastolic func- 
tion in chronic volume than in pressure overload is not 
clear and may be due to either patient selection or dif- 
ferences in the mechanism involved with the specific 
type of overload, such as eccentric versus concentric hy- 
pertrophy.*’ Recently, Corin et alt demonstrated a con- 
cordant behavior of systolic and diastolic function in 
chronic volume overload due to mitral regurgitation, at- 
tributing a major importance to the shape and the ge- 
ometry of the left ventricle. 

Several investigators'’*#2? suggested that chronic 
volume overload is especially harmful to the ventricle, 
because an increased end-diastolic and end-systolic wall 
stress is already present in the compensated phase of 
chronic regurgitation. In this regard, an increased colla- 
gen fiber stretch has been reported in enlarged ventri- 
cles,!730 which could explain the alterations of diastolic 
stiffness in the presence of normal systolic contractility 
in patients with aortic regurgitation. Furthermore, the 
difference in the geometry of the ventricle could explain 
the higher incidence of abnormalities in myocardial pas- 
sive stiffness in subgroup 3a than in 2a (Figure 4). It 
has been demonstrated!® that the diastolic volume/mass 
ratio is a determinant of the passive elastic stiffness con- 
stant, whereby the latter tends to increase when the for- 
mer is increased. In fact, subgroup 3b elicited an LV 
end-diastolic volume/mass ratio that was larger than 
that of subgroup 2a (1.10 + 0.29 vs 0.58 + 0.26; p 
<0.001). 

Clinical implications: Our study indicates that dia- 
stolic functional derangements can be detected fre- 
quently in patients with aortic valve disease. However, 
high-fidelity LV pressure measurements simultaneous 
with left ventriculography are mandatory for the calcu- 
lation of the time constant of LV pressure decay, and 
the constant of myocardial stiffness (stress-strain rela- 
tion). These indexes are somewhat difficult to calculate, 
but represent sensitive measures of diastolic ventricular 
dysfunction that cannot be obtained by the noninvasive 
techniques currently used in clinical cardiology. Echo- 
Doppler measurements and radionuclide angiography 
allow only the evaluation of filling parameters. They are 
not suitable methods for the detection of diastolic ab- 
normalities occurring early in patients with aortic. valve 
disease, because (as shown herein) diastolic filling rates 
are insensitive measures. 

Study limitations: A reduction of LV contractility 
was defined in the. present study by a downward dis- 
placement of the relation between systolic ejection frac- 
tion and mean systolic wall stress. Patients with aortic 
valve disease whose coordinates were in the 95% predic- 
tion limits. of this relation were assumed to have.a nor- 
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mal contractile state. This assumption appears to be 
correct as long: as preload (which is another determinant 
of ‘ejection fraction) is comparable to that in control 
subjects. In the presence of an increased preload (i.e. 
end-diastolic stress) but normal contractile state, the re- 
lation is shifted upward and rightward. In the absence 
of such a shift, a slightly reduced contractility is likely 
to be present when ejection fraction is kept within nor- 
mal limits by the use of preload reserve. It is of interest 
that Krayenbuehl and Hess? found that 12 of 44 pa- 
tients (27%) with aortic stenosis and normal ejection 
fraction had an abnormal relation between maximal 
rate of stress increase and preload, indicating a slightly 
depressed LV contractile state. Thus, we cannot ex- 
clude that at least in some of our patients with aortic 
valve disease and a normal relation between ejection 
fraction and mean systolic wall stress, a mild depression 
of contractility was present that was compensated by an 
increase in preload. A more rigorous index of contractil- 
ity may have been the end-systolic pressure-volume re- 
lation that is, however, more difficult to assess than the 
currently used measures. Changes in afterload may 
have been achieved by various interventions, but would 
have complicated the present evaluation and possibly 
only moderately improved our knowledge on the cen- 
tractile state of the myocardium. 


APPENDIX 

Circumferential wall stress: S =(P - a/h) [I — 
(h/2b) — (b?/2a?)] 1.322, where S = midwall stress 
(kdyne/cm?), P = LV pressure (mm Hg), h= LV wall 
thickness (cm), a = midwall semimajor axis, and b= 
midwall semiminor axis,* 

Indexes of relaxation: (1) Time constant (rq): 
dP/dt = —b (P + c); ra = 1/b'4; (2) pressure-halftime 
with zero asymptote: P = a e~S tw = In[2]/b!>; and (3) 
pressure-halftime with shifting asymptote: P = a e~™ + 
c; tm = [1/b] in (2/a~c],!© where P is LV pressure, 
dP/dt is its first derivative, t is equal to time, and a, b 
and c are constants determined by linear (dP/dt) or 
nonlinear regression analysis. 

Diastolic filling rate: FR(t) = [V(t + 20) — V(t — 
20)]/0.04, where t is equal to time, and V to volume.” 

Passive elastic properties: Pressure-volume data: 
P = a* e>*Y + c*, where P= LV pressure (mm Hg), 
a* = elastic constant (mm Hg), b* = constant of LV 
chamber stiffness (1/ml/m?), V = LV volume (ml/m°), 
and c* = asymptote of the exponential pressure-volume 
relation (mm Hg).* 

Normalized pressure-volume data: P = a’ e(V/Y™) + 
c’, where Vw = wall volume (ml/m?) (other abbrevia- 
tions as in pressure-volume data). 

Stress-strain data: S = ae + c, where S= LV cir- 
cumferential wall stress (kdyne/cm*), a = elastic con- 
stant (kdyne/cra*), b = constant of myocardial stiffness, 
e = Lagrangian strain, and c = asymptote of the stress- 
strain relation (kdyne/cm?).4 
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BLOCKERS. Administer nadolol with cawtion since it may block bronchodilation produced 
by endogenous or exogenous catecholamine stimulation of beta, receptors. 

Major Surgery—Because bsta-blockade impairs the ability of the heart to respond to 
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have exhibited bradycardia, hypoglycemia, and associated symptoms. 
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epinephrine may be the drug of choice.) 

Bronchospasm—Administer a beta,-stimulating agent 
and/or a theophylline derivative. 

DOSAGE-For ail patients, DOSAGE MUST BE 
INDIVIDUALIZED. 

For angina pectoris, usual initial dose is 40 mg qd; 
may be gradually increased in 40 to 80 mg increments at 3 
to 7 day intervals until optimum clinical response or 
pronounced slowing of the heart rate; usual maintenance 
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< < Patients with hypertrophic cardiomyopathy (HC) 
may present a wide spectrum of clinical and mor- 
phologic manifestations. Although many aspects 
of the natural history of HC are understood, the 
initial presentation and subsequent clinical course 
of certain subgroups are not yet well defined. To 
further our understanding in this regard, 241 mid- 
dle-aged patients with HC (aged 35 to 55 years) 
were analyzed. The vast majority of patients (210) 


g had already experienced symptoms, whereas the 


remaining 31 initially presented with no or mini- 
mal symptoms and are the focus of this investiga- 
‘tion; 29 of these were followed for >2 years 
`. (range to 11.5 years, mean 8). A separate group 
of 30 moderately symptomatic age- and gender- 
matched patients with HC were selected as control 
subjects for morphologic comparisons. 
-i Of the 29 study patients with follow-up, 22 
oe (76%) are presently free of important cardiac 
_ symptoms, but 3 showed progression of symp- 
ee toms, and 4 have died suddenly. Annual mortality 
‘ate was 1.7%. Eighteen of the middle-aged 
mptomatic patients with HC (58%) had local- 
left ventricular hypertrophy, usually involving 
-only the anterior ventricular septum; in contrast, 
only 9 of the 30 symptomatic control subjects 
:(30%) had such localized hypertrophy (p = 0.02). 
In conclusion, of those patients with HC who 
achieved middle-age without developing important 
cardiac symptoms, approximately 75% remained 
n asymptomatic during the ensuing average 8-year 
c follow-up. However, such patients are not protect- 
ed in absolute terms from unfavorable clinical 
ents (despite relatively mild left ventricular hy- 
rtrophy and in most cases absence of outflow 
obstruction). This is evidenced by the fact that ap- 
_ proximately 25% eventually experienced symp- 
oO tomatic deterioration or sudden cardiac death. 
(Am J Cardiol 1992;69:935-940) 
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ypertrophic cardiomyopathy (HC) is a primary 
Hee: disease characterized by heterogene- 
ity in its clinical and morphologic manifesta- 
tions.'-'° The natural history of this disease ranges 
widely from patients who remain relatively asymptom- 
atic throughout their natural lives to those who experi- 
ence premature unexpected sudden cardiac death or 
progressive cardiac failure at various ages.'® 3° 
This diversity in HC has been an impediment to our 
understanding of the natural history, prognosis and 
morphologic features of all subsets of patients within 
the broad disease spectrum. It was our impression, how- 
ever, that some patients achieved mid-life without incur- 
ring symptoms and appeared to have a clinically benign 
form of the disease. Therefore, in the present study, 
we focused our attention on this selected subgroup of 
asymptomatic middle-aged patients with HC in order to 
define their subsequent outcome, as well as the potential 
morphologic determinants of their clinical course. 


METHODS 

Selection of patients: The case records of the ee 
cardiography laboratory of the National Heart, Lung, 
and Blood Institute were reviewed from February 1979 
to June 1985. During this time period, 241 middle-aged 
nonoperated patients with HC (aged 35 to 55 years), 
free of associated cardiac disease, underwent. initial 
evaluation at our institution, including combined M- 
mode and 2-dimensional echocardiographic examina- 
tion. Of these 241 patients, 210 presented with moder- 
ate to severe symptoms (Table I) (New York Heart As- 
sociation functional class I-IV) and were therefore 
excluded from the analysis. The remaining subgroup of 
31 asymptomatic patients with HC (aged 35 to 55 years 
when first evaluated at our institution) represent the fo- 
cus of the present study. The 210 patients with and 31 
without symptoms did not differ significantly with re- 
gard to gender and presence of left ventricular outflow 
obstruction under basal conditions, although the symp- 
tomatic patients were older than the asymptomatic pa- 
tients (Table T). 

The diagnosis of HC was based on the demonstra- 
tion of a hypertrophied, nondilated left ventricle in the 
absence of another cardiovascular or systemic disease 
that could itself produce left ventricular hypertrophy of 
the magnitude present in that patient.*! Eight study pa- 
tients had history of relatively mild, intermittent in- 
creases in systemic blood pressure (<150/100.mm Hg). 
However, in each of these patients, the presence of HC 
was supported by other clinical or morphologic features 
of the disease (e.g documented family history of HC, 
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TABLE L Comparison of Asymptomatic and Symptomatic 














Middle: ‘Aged Patients with Hypertrophi ic Cardiomyopathy 
OS : _ Asymptomatic Symptomatic p Value 
+ À civ 

No. of pts, 28h 210 — 

Mean age (yr! (range) 42:45 46+6 <0.061 

(35--55) (35-55) 

Men (%) 25 (81) 139 (66) NS 

Functional class* 

i 31 0 = 
H Q 80 — 
iH G 96 -l 
Vv 0 34 — 
No. of pts. with basal LV outflow 3/7 62/128 NS 
obstruction (cardiac catheter- 
ization) . 
| *Functional class at initial evaluation, 
EV = left ventricular; NS = nonsignificant; — = data not.applicable. 








unusual distribution of segmental left ventricular hyper- 
trophy, or magnitude of wall thickening clearly exceed- 
ing that which could reasonably be expected to occur 
secondary to mild systemic hypertension).°? 

A separate group of 30. consecutive patients with 
HC and moderate symptoms. (functional class I1) were 
chosen. as age- and sex-matched control subjects solely 
for the purpose of obtaining selected morphologic and 
hemodynamic comparisons with the 31 asymptomatic 
study patients; this group did not serve as control sub- 
jects with regard to clinical outcome. 

Echocardiography: Echocardiographic examinatiens 
were performed using a commercially available phased 
array or mechanical sector scanning echocardiographic 
instrument with 2.25 or 3 MHz transducers; images 
were recorded on 3/4-inch videotape. M-mode echocar- 
diograms were derived from the 2-dimensional image 
under direct anatomic visualization. Cardiac dimensions 
were assessed from the M-mode echocardiogram ac- 
cording to the-criteria of the American Society of Echo- 
cardiography.** 

Two-dimensional echocardiographic studies were ob- 
tained in the parasternal long- and short-axis, and api- 
cal views using standard transducer positions.” Distri- 
bution and extent of left ventricular hypertrophy was 
assessed from the 2-dimensional echocardiogram, as 
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previously. described. 35 In the short-axis view, the left 
ventricle was divided in 4 segments, and measurements 
of wall thickness were obtained in each of these regions. 


Maximal wall thickness was defined in each patient as 


the greatest thickness identified in any of the 4 seg- 
ments in which the left ventricle had been divided. 

The extent of left ventricular hypertrophy was cate- 
gorized according to the number of segments involved**: 
localized (1 segment), intermediate (2) and diffuse (3. 
or 4). In the 7 study patients who underwent cardiac . 
catheterization, obstruction to left ventricular outflow 
was defined as a basal gradient 230 mm Hg. In the 24 
patients who did not undergo cardiac catheterization, 
subaortic obstruction was assessed by the magnitude 
and duration of systolic anterior motion of the mitral 
valve on the M-mode echocardiogram.?”8 

Statistical methods: Data were expressed as mean + 
SD. Differences between means were analyzed using 
the unpaired Student’s z test. Differences between pro- 
portions were assessed using chi-square or l-tailed Fish- 
er’s exact test. 


RESULTS 

Clinical findings and natural history: By: selection, 
all 31 study patients (mean age 41.6 + 5 years, range 
35 to. 55; 25 men [81%]) were virtually asymptomatic at 
their initial evaluation. Clinical course could be assessed 
for 22 years after initial evaluation in 29 patients; fol- 
low-up ranged to 11.5 years (mean 8) (Figure 1). Dur- 
ing follow-up, 22 (76%) patients remained completely 
asymptomatic or had only minor and transient symp- 
toms. Three patients had an increase in symptoms (1 to 
functional class T, and 2 to class IH). 

The remaining 4 patients (3 men and 1 woman) died 
suddenly; the annual mortality rate was 1.7% (Table 
II). The first of these patients survived cardiac arrest at 
age 50 while being treated with amiodarone, but died 3 
months later of uncontrolled: ventricular tachyarrhyth- 
mias during a map-guided ventricular tachycardia abla- 
tion procedure. The other 3 patients died during seden- 
tary activities. One patient with history of paroxysmal 
atrial fibrillation died suddenly at age 51 and 2 patients 
were virtually asymptomatic before death at ages 55 
and 64 years, respectively. In 3 of the 4 patients who 
died suddenly, coronary. arteriography had been per- 
formed at the first evaluation or during follow-up and 
showed absence of coronary artery disease; none had a 
necropsy examination. 

Medications: Eighteen of the 29 study patients who 
were followed longitudinally received clinically ap- 
propriate dosages of cardioactive medications (i.e., 8 
blockers or verapamil) for more than one half of the 
follow-up peried; these drugs were administrated either 
prophylactically? or for symptoms that developed. Five 
of these 18 patients also received: primary antiarrhyth- 
mic medications (procainamide, quinidine or amioda- 
rone) for atrial fibrillation or ventricular arrhythmias 
identified by ambulatory electrocardiogram. Eleven oth- 
er patients either did not receive cardiac: medications or 
did so for only abbreviated periods of time. 
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Died Suddenly 


TABLE H-Clinical and Morphologic Data in the Four Middle-Aged Asymptomatic Patients with Hypertrophic Cardiomyopathy Who 


eee 














wor left ventricular outflow tract: Max. = maximum; PAF = paroxysmal atrial fibrillation; 





: Age tyr) at Symptoms Max. LV Arrhythmia LVOT 
coc Death at Last Follow-Up Thickness Extent of Gradient Circumstances 
“OPE  & Sex FC Evaluation (mos) (mm) LVH* VT Other (mm Hgt CAD at Death Medications 
bo 50M il Syncope 25 23 Intermediate + o Q ot Ablation§ Amiodarone; 
EAT atenolol 
2. > SIM Ho Palpitations; 36 20 Diffuse 0 PAF 60 oj Sedentary Amiodarone; 
eet DOE verapamil 
3. 55F Io Palpitations; 136 18 intermediate 0 is) 55 os Sedentary Propranolol 
z lightheadedness 
4 64M | Palpitations 131 18 Localized + 0 0 -l Sedentary Procainamide;, 
: atenolol 
sed 
[7 *Localized: involvement of 1 LY segment; intermediate: involvement of 2 LV segments; diffuse: involvement of 3 or4 LV Seamanis 
< tMeasured at-cardiac catheterization or estimated from M-mode echocardiogram. 27.4 
Coronary arteriography performed 9 months before death. 
Ae i Patient died during map-guided ventricular tachycardia ablation procedure. 
co iCoronary arteriography performed 3 years before death. 
U Ai Coronary, arteriography performed 1) yeats before death. 
CAD = coronary artery disease; DOE = dyspnea on exertion; FC = functional class (New York Heart Association) before death; LV = iett ventricle; LVH = left ventricular hypertrophy; 


VT = ventricular tachycardia; == = data not obtained. 








When the 4 patients who died suddenly were ana- 
lyzed separately, it was determined that 3 had re- 
ceived antiarrhythmic medications during the year be- 
< fore death (Table II); 1 with atrial fibrillation was 
t eated with amiodarone, and 2 with sustained or non- 
sustained ventricular tachycardia received either amio- 
| darone or procainamide. Three of these 4 patients also 
-received 8 blockers, and the other was taking verapamil. 
Distribution and extent of hypertrophy: Maximum 
< left ventricular wall thickness in the asymptomatic mid- 
~dle-aged patients with HC ranged from 14 to 30 mm 
«(mean 19.5 + 4) (Figure 2). The majority of these pa- 
tients (23 of 31) had a maximum wall thickness that 
<: ranged between 14 and 20 mm (Figure 2); 4 patients 
had markedly increased wall thickness (i.¢., 28 to 30 
mm). 
Analysis of extent and distribution of hypertrophy in 
the 31 asymptomatic study patients showed that 18 
(58%) had increased wall thickening localized to | seg- 
ment. of the left ventricular wall (Figure 3). In these 18 
“patients, hypertrophy was confined to the basal anterior 
ventricular septum in 13 (Figure 4), distal anterior sep- 
< tum in 3, and posterior septum in 2, The remaining 13 
- patients (42%) had left ventricular hypertrophy that in- 
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volved >1 segment; in 7 patients, 2. segments were 
thickened, whereas in the-other 6 patients the pattern of 
hypertrophy was diffuse (involving 3 or 4 segments). Of 
the 4 patients who died suddenly, 1 had diffuse, 1 had 
localized and 2 had an intermediate degree of wall 
thickening (involving 2 segments). Maximum left ven- 
tricular wall thickness in the 4 patients who died sud- 
denly (19.7 + 2 mm) did not differ from that of the 25 
surviving patients with follow-up (19.4 + 5 mm; Figure 
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FIGURE 2. Maximum left ventricular (LV) wall thicknesses in 


: depicted by stippled portions of appropriate bars. 


FIGURE 3. Extent of left ventricular hypertrophy (LVH) in 31 
asymptomatic middle-aged patients and 30 age- and sex- 
matched symptomatic control subjects with hypertrophic car- 
diomyopathy. 
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_In contrast, only 9 of the 30 control patients (20%) 
with moderate symptoms had hypertrophy localized to 
1 left ventricular segment (p = 0.02); the remaining 21 
(70%). had nonlocalized hypertrophy (involving 2 seg- 
ments in. 11 patients, and 3 to 4 segments in 10 pa- 
tients). Wall thickness in the asymptomatic study pa- 
tients was similar to that in the 30 symptomatic controls 
(19.5 + 4 vs 21.7 + 4 mm; p = not significant). 

Obstruction. to left ventricular outflow: Based on 
combined echocardiographic and hemodynamic data, 
22 of the 31 asymptomatic patients (71%) did not have 











FIGURE 4. Two-dimensional echocardiogram from a 43-year- 


old man with nonobstructive hypertrophic cardiomyopathy 
shown in parasternal long-axis view (fop), and apical view ro- 
tated to image left ventricular outflow tract and aortic root 
(bottom), Left ventricular hypertrophy is relatively mild and 
confined to anterior basal ventricular septum (arrowheads), 
which is 17 mm in thickness (arrows). Calibration dots are 1 
cm apart. Ao = aorta; LA = left atrium; LV = left ventricle; 
RV = right ventricle. 








evidence of obstruction to left veed cntélow under 
basal conditions. Similarly, most control patients with 
symptoms (23 of 30, 77%) also did not have outflow 
obstruction (p = not significant). Of the 4 patients who 
died suddenly, 2 had evidence of obstruction to left ven- 
tricular outflow under basal conditions, and the other 2 
did not. 

Electrocardiographic findings: Electrocardiograms 
recorded at the initial evaluation were abnormal in 27 
of the 31 study patients (90%). A variety of electrocar- 
diographic abnormalities were identified; most frequent 
were ST-segment and T-wave alterations (23 patients), 
left ventricular hypertrophy (Romhilt-Estes score 25 
points; 18 patients)*? and pathologic Q waves (15 pa- 
tients). Other abnormalities included left atrial enlarge- 
ment (10 patients), right atrial enlargement (5) and 
conduction abnormalities (10; first-degree atrioventricu- 
lar block in 8, and left anterior fascicular block in 2). 
Electrocardiographic patterns did not appear to differ 
substantially between the 4 patients who died suddenly 
and the 25 surviving patients with follow-up. 


DISCUSSION 

Most previous investigations of the natural history of 
HC analyzed large heterogeneous hospital-based pa- 
tient populations.2-4:9!!.!2.14 Such studies demonstrated 
that the clinical course of HC is highly variable, al- 
though many patients may develop symptoms or experi- 
ence sudden death relatively early in life; the annual 
mortality rate has been reported to be approximately 2 
to 4%.3:4.12,26.40 

In the present study, we attempted to define the clin- 
ical course of a particular subgroup of patients with 
HC, i.e., those who had reached middle-age (arbitrarily 
defined as age 35 years) without developing significant 
symptoms. The reason we decided to focus on this issue 
is that it was our clinical impression that those patients 
with HC who had already achieved mid-life without in- 
curring important cardiac symptoms or clinical events 
may represent a subgroup that had been, through time, 
selected for a relatively benign life-long clinical course. 
However, our data analysis did not prove this assump- 
tion to be correct. Although most of our middle-aged 
asymptomatic patients remained stable and did not 
incur important symptoms during the subsequent 8- 
year follow-up, approximately 25% developed progres- 
sive symptoms or died suddenly. The annual mortality 
rate for our patient group (approximately 2%) did not 
differ substantially from that previously reported in oth- 
er groups with HC, not limited to patients aged >35 
years? 58.12, moreover, the 4 deaths in the present study 
occurred between ages 50 and 65, a period of life often 
perceived to be beyond the greatest risk for such catas- 
trophes in patients with HC.?-4!°-!2.172! Hence, partic- 
ularly long periods of clinical stability may nevertheless 
be followed later in life by adverse events (including 
sudden cardiac death). Indeed, the 210 middle-aged 
symptomatic patients with HC (originally surveyed for 
inclusion in the present study) proved to be somewhat 
older than the 31 asymptomatic study patients, suggest- 
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g that the latter may yet experience disease progres- 
on as they grow older. 

Our observations in middle-aged patients with HC 
robably relevant to those patients who have been 
bed as representing the stable asymptomatic seg- 
ment of the HC population (i.e., those not often referred 
| tertiary centers for diagnosis and management of 
h-risk circumstances).'°~? Spirito et al!® emphasized 
that an outpatient population with HC may have a 
much more benign natural history, and therefore repre- 
sents a mild clinical expression within the broad HC 
disease spectrum. Our data support the premise that 
such asymptomatic patients with HC are seldom re- 
ferred to centers such as the National Institutes of 
:. Health (indeed, they constituted <15% of our consecu- 
tive group of 241 patients with HC). However, in con- 
~ trast to Spirito et al,'° our findings in mid-life patients 
suggest that the clinical course of this segment of the 
HC population is perhaps not as innocent as previously 
thought and that these patients remain at enhanced risk 
~~ later in life. 
Unfortunately, in 2 of our 4 patients who died sud- 
_ denly, the presence of associated coronary artery disease 
could not be excluded definitively (in 1 because coro- 
nary arteriography was not performed, and in the other 
‘because it was performed 11 years before death). How- 
ever, the fact that neither patient had ever experienced 
chest pain at least suggests that clinically relevant ath- 
erosclerotic coronary disease may well have been ab- 
sent, 

It has been inferred that a relatively mild morpho- 
_ logic expression and absence of left ventricular outflow 
__ obstruction may be associated with a more favorable 
-clinical course in HC.*!4? Indeed, echocardiographic 
-studies in our 31 asymptomatic study patients more fre- 
quently showed localized patterns of left ventricular hy- 
pertrophy than did an age- and sex-matched symptom- 
atic control group with this disease (although maximum 
left ventricular wall thickness did not differ significantly 
between these groups). However, it should also be noted 
“that 3 of our 4 patients who died suddenly had relatively 
«mild increases in left ventricular wall thickness, suggest- 
ing that older patients with HC and mild hypertrophy 
are probably not preferentially protected from sudden 
cardiac death. 
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INDICATIONS AND USAGE IV Persantine® (dipyridamole USP) is indicated as an alternative to exercise 
in thallium myocardial perfusion imaging for the evaluation of coronary artery disease in patients who 
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CONTRAINDICATIONS Hypersensitivity to dipyridamole. 


WARNINGS Serious adverse reactions associated with the administration of intravenous Persantine” 
(dipyridamole USP) have included tatal and non-fatal myocardial infarction, ventricular fibrillation, 
symptomatic ventricular tachycardia, transient cerebral ischemia, and bronchospasm. 
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imaging, two types of serious adverse events were reported: 1) four cases of myocardial infarction 
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against the risk to the patient. Patients with a history of unstable angina may be at a greater risk for 
severe myocardial ischernia. Patients with a history of asthma may be at a greater risk for bronchospasm 
during IV Persantine use. 
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Showid severe chest pain or bronchospasm occur, parenteral aminophylline may be administered by 
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case of severe soar ae the patient should be placed ir a supine position with the head tilted down 
if necessary, before administration of parenteral aminophylline. If 250 mg of aminophylline does not 
relieve chest pain symptoms within afew minutes, sublingual nitroglycerin may be administered. If 
chest pain continues despite use of aminophylline and nitroglycerin, the possibility of myocardial 
infarction should be considered. H the clinical condition of a patient with an adverse event permits a one 
minute delay in the administration of parenteral aminophy'line, thatliuin-201 may be injected and 
allowed to circulate for one minute before the injection of aminophylline, This wil allow initial thallium 
perfusion imaging to be performed before reversal of the pharmacologic effects of Persantine on the 
cortinary circulation. 


PRECAUTIONS See WARNINGS. ; ; 
Drup Interactions Oral maintenance bigest line may abotish the coronary vasodilatation induced by 
intravenous ne (dipyridamole U: Pl administration, This could lead to a false negative thallium 
imaging result. 
ec here Mutagenesis, Impairment of Fertility in studies in which dipyridamole was adminis- 
tered in the feed at doses of up to 75 mg/kg/day (9.4 times” the maximum recommended daily human 
oral dose) in mice (up to 128 weeks in males and up to 142 weeks in females) and rats (up to 111 weeks 
in males and females) there was no evidence of drug related carcinogenesis. Mutagenicity tests of 
dipyridamole with bacterial and mammalian cell systems were negative. There was no evidence 
of impaired fertility when dipyridamole was administered to male and temale rats at oral doses up to 
500 mg/kg/day (63 times* the maximum recommended daily human oral dose). A significant 
reduction in number of corpora lutea with consequent redaction in implantations and live fetuses was, 
however, observed at 1250 mg/kg/day. 
“Calculation based on assumed body weight of 50kg. ; 

agnancy Category B Reproduction studies performed ir: mice and rats at daily oral doses of up to 
125 mg/kg (15.6 times” the maximum recommended daily human orai dose) and in rabbits at daily oral 
doses of up to 20 mgkg (2.5 times* the maximum recommended daily human oral dose) have revealed 
no evidence of impaired embryonic development due to dipyridamole. There are, however, no adequate 
and well controlled studies in pregnant women. Because animal reproduction studies are not always 
predictive of human responses, this drug should be used during pregnancy only if clearly needed. 
“Calculation based on assumed body weight of 50 kg. 
Nursing Mothers Dipyridamole is excreted in human milk. 
Pediatric Use Safety and effectivengss in children have not been established. 


ADVERSE REACTIONS Adverse reaction information concerning intravenous Persantine” (dipyridamole 
USP) is derived from a study of 3911 patients in which intravenous Persantine was used as an adjunct to 
thallium myocardial perfusion imaging and from spontaneous reports of adverse reactions and the 
published literature. 
Serieus adverse events (fatal and non-fatal myocardial infarction, severe ventricular arrhythmias, and 
serious CNS abnormalities) are described above (see WARNINGS). 
In the study of 3911 perene, the most frequent adverse reactions were: chest pain/angina pectoris 
(19.7%), electrocardiographic changes (most commonly ST-T changes) (15.9%), headache (12.2%), 
and dizziness (11.8%). 
Adverse reactions occurring in greater than 1% of the patients in the study are chest pain/angina 
pectoris (19.7%), headache (12.2%), dizziness (11.8%), #lectrocardiographic abnormalities/ST-T 
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Comparison of Magnetic Resonance Imaging with 


_ Cross-Sectional Echocardiography in the 
Assessment of Left Ventricular Mass in 
Children Without Heart Disease and in 
Aortic Isthmic Coarctation 


Michael Vogel, MD, Heiko Stern, MD, Richard Bauer, MD, and Konrad Buhlmeyer, MD 





- Although left ventricular (LV) mass may be impor- 
=: tant to judge effects of left-sided cardiac obstruc- 
tion or hypertension, reproducible noninvasively 
determined normal data in the pediatric age group 

<- are scarce. To validate cross-sectional echocardio- 

graphic LV mass determination, our data were 
compared with LV mass assessed by magnetic 
resonance imaging (MRI). MRI was considered to 

. be a good reference method because there is usu- 
¿cally no problem in defining endo- and epicardial 
borders with MRI. LV mass was assessed in 14 
children aged 5.3 years (10. days to 14.7 years) 

with a mean body surface area of 0.78 m? (range 
» 0.25 to 1.61). With cross-sectional echocardiogra- 

- phy the epicardial and endocardial volumes were 

© calculated using a Simpsons rule algorithm in the 
_ apical 2- and 4-chamber view. The difference be- 
tween epi- and endocardial volumes was multi- 








plied by 1.05 to yield the mass. Mass was as- 


sessed with MRI using a multislice technique; the 
narea of each myocardial slice was calculated and 
multiplied with the slice thickness, and the resul- 
tant slice volumes were added to obtain the myo- 
-cardial volume. On cross-sectional echocardiogra- 


phy, the mass was 55 g (range 12 to 126) or 64 


| g/m? (range 46 to 79); on MRI it was 60 g (range 


33 to 87) or 69 g/m? (range 46 to 89). Regression 


analysis yielded an r value of 0.98 with a standard 


- _ error of the estimate of 5.7 g or a 10% difference. 
In older children, LV mass determined by MRI 





was bigger than the one derived by echocardiogra- 
phy. It is concluded that cross-sectional echocardi- 
- ography can reliably assess LV myocardial mass 
in pediatric patients. 

(Am J Cardiol 1992;69:941-944) 
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follow-up of patients with left-sided cardiac ob- 

struction! and may play a role in epidemiologic 
studies of childhood hypertension.* Surgical decision re- 
garding timing of surgery in complete transposition of 
the great arteries*4 or tricuspid atresia’ may be in- 
fluenced: by LV myocardial mass. We had previously 
published normal values of LV myocardial mass in 95 
control subjects with normal hearts ranging from new- 
borns to adolescents.® To further validate the echocar- 
diographically determined data, we examined 14 chil- 
dren by cross-sectional echocardiography and the nucle- 
ar magnetic resonance imaging (MRI) technique. 


METHODS 

Patients: The patients either had a structurally nor- 
mal heart (n = 7) or had undergone repair of an aortic 
coarctation (n = 7) 2 to 3 years before the study. All of 
the latter group had arm systolic blood pressure within 
the 95th percentile? and none had a systolic pressure 
gradient between ascending and descending aorta of 
>20 mm Hg determined by Doppler echocardiography. 
The echocardiographic study had been performed in all 
patients on the same day as the MRI study. 

Echocardiography: Commercially available equip- 
ment consisting of an Ultramark 9 sector scanner by 
Advanced Technology Laboratories or a Hewlett-Pack- 
ard 1000 sector scanner was used for the echocardio- 
grams, which were obtained with either a 5 or 7.5 mHz 
transducer. The images were recorded on '2-inch video- 
casette tape. For all children the standard apical 4- and 
2-chamber views were used for analysis of LV mass. 
Using an offline computer (Kontron 200) the epicardi- 
um and subsequently the endocardium were manually 
traced on the electronic drawing board with a light pen 
in the 2 imaging planes. The entire ventricular septum 
was considered to be part of the left ventricle. The epi- 
cardial and endocardial volumes were calculated by di- 
viding the LV shape into slices of 2 mm and adding up © 
the single slice volumes applying the geometric. formula 
of Simpson.’ After the biplane epicardial and endocar- 
dial volumes had been measured, LV mass. was calculat- 
ed from the difference between epicardial and endocar- 
dial LV volume times the specifi¢ gravity of the heart 


| eft ventricular (LV) mass may be important inthe 


(1.050).? LV mass volume index! was calculated as. LV i : - 
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TABLE 1 Clinical Data and Data on ^ Left Ventricul ar Mass 
by MR R or >r Echocardiography : 
a Age wo ooo Heart by MRI Mass by Echo. 
be Pt. & Sex a Disease ig ig) | 
wd 10 days M: 0 12.6 11.5 
2 0.8 F 0 216 20.6 
3 10M 0 30.5 26.8 
4 6.0F 0 38.5 38.5 
5 6.6M 0 46.2 52.0 
6 BIM 0 95.0 82.4 
7 JAZM 0 142.8 126.4 
8 LEM CofA 36.0 32.3 
9 2.2M CofA 35.8 42.3 
10 23M CofA 35.5 33.3 
11 33M CofA 48.0 35.0 
12 6.4 F CofA 55.6 54.6 
13 8.9 M CofA 89.8 80.2 
14 10.9M CofA 115.5 98.0 
Cof A = coarctation of the aorta; Echo. = echocardiography; MRI = magnetic q 
resonance imaging; O = none, 








muscle mass at end-diastole divided by LV end-diastolic 
volume. For the measurement of LV endocardial and 
epicardial volumes, 3 consecutive systolic and diastolic 
echocardiographic frames were analyzed and the mean 
of these 3 measurements calculated. 

Magnetic resonance imaging technique: MRI was 
performed by use of a Philips Gyroscan S 15 with a 1.5 
Tesla magnet. Uncooperative patients were sedated 
with chloralhydrate, 70 to 80 mg/kg body weight. Chil- 
dren weighing <18 kg were examined in the so-called 
head coil, which has a 32 cm (12.8 inches) diameter; 
children weighing >18 kg were examined in the so- 
-called body coil, which has a 50 cm (20 inches) diame- 
ter. Imaging was triggered to the patients electrocardio- 
‘gram, and a double echo technique with echo times of 
30 and 60 ms was used. Acquisition and reconstruction 
matrix had 256 X 256 pixels. To shorten study time, a 
multisclice technique was used. Thus, images were ob- 


‘tained at multiple points in the cardiac cycle. The slice 







thickness was 3 to 5 mm. T1 weighted i images were ac-- 
quired in 3 orthogonal planes. In the axial tomograms 

the myocardial cross-sectional area (A) was assessed in- 
n =k slices and multiplied with slice thickness (th). 

Myocardial volume (mV) was calculated as: 


k 
mV = Sum x A x th 
n=] 


Myocardial mass was obtained by multiplying myocar- 
dial volume by 1.05.? 

Statistical analysis: Data are given as mean + stan- 
dard deviation. Linear regression analysis was used to 
determine correlation between LV mass assessed by dif- 
ferent imaging modes. For comparison of data a paired 
students z test was performed. A p value <0.05 was con- 
sidered to indicate a significant change. 


RESULTS 

The results of the echocardiographic and MRI mea- 
surements of LV mass are listed in Table I for each 
individual child. With cross-sectional echocardiography 
the mass was 55 g (range 12 to 126) or 64 g/m? (range 
46 to 79), and with MRI it was 60 g (range 33 to 87) 
or 69 g/m? (range 46 to 89). Figure 1 shows the cor- 
relation curve between echocardiographic and MRI 
mass assessment. The standard error of estimate was 
5.7 g or 10%. 


DISCUSSION 

Noninvasive assessment of left ventricular mass: 
Several clinical or epidemiologic studies have used serial 
LV myocardial mass measurements.”!!-!? A repeatable, 
noninvasive method of LV mass determination thus 
seems desirable. The surface electrocardiogram, al- 
though highly specific, lacks sensitivity.!? Noninvasive 
imaging modes for assessing LV mass. include, among 
others,'+!5 M-mode!® or cross-sectional echocardiogra- 
phy® and MRI? We did not examine accuracy of 
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M mode ‘deterinination of LV mass in this study. Data 
from published reports comparing LV mass at autopsy 
with M-mode echocardiographically determined mass 
_ have shown a variable correlation.'6?°?' In a previous 
~ study in normal children, we found a good reproducibil- 
-ity of cross-sectional echocardiographic LV mass deter- 
_ minations® when assessing interobserver variability of 
. measuring LV mass offline from a videotape. So far, all 
“ echocardiographic studies have been performed by one 
person (MV), but we appreciate that variability of 
< cross-sectional echocardiographic mass determination 
may be substantially higher if image acquisition is per- 
formed by different observers. Cross-sectional imaging 
of the heart may be difficult in obese and adolescent 
patients, and accurate LV mass determination by cross- 
sectional echocardiography may not be possible.2? MRI 
may become the golden standard of LV mass determi- 
nation because there is usually little difficulty in defin- 
ing endo- and epicardial borders (if errors by blood flow 
-signals are excluded by appropriate techniques as dou- 
“ble-echo or presaturation techniques). Usually there is 
no difficulty in imaging the cardiac apex, and obesity of 
a patient does not interfere with image quality in MRI. 
-Another advantage of MRI may be that mass determi- 
-nation is not influenced by the geometric complexity of 
-the heart.!® The echocardiographic study used a Simp- 
sons rule algorithm to calculate epi- and endocardial 
volume. Simpsons rule is based on the assumption of an 
elliptical shape, the minor and major axis of which are 
< defined by 2 rectangular projections. The above-men- 
“tioned formula used to calculate volumes in the MRI 
< study is independent of the real shape, since the area of 
each tomographic slice is manually outlined. Further 
studies with diseased hearts will show whether this theo- 
“retical advantage has practical implications for the ac- 
curacy of mass determination with MRI versus echo- 
cardiography. 
Validation of magnetic resonance imaging method: 
The accuracy of the MRI technique had been assessed 
-cin an experimental study using 20 water-filled balloons 
of different irregular shapes containing volumes ranging 
- from 50 to 300 ml. The correlation between measured 
< volume and MRI-estimated volume was 0.99 (SEE 
< 2.7%).3 Although to date we have no autopsy data on 
any of our children, whose mass had been determined 
by MRI or cross-sectional echocardiography, these data 
‘ate available in published reports and have shown good 
“correlation between MRI-estimated mass and the true 
‘heart weight from human cadavers.'® 
Limitations of magnetic resonance imaging: In most 
in vivo MRI studies there was an overestimation of 
ventricular mass.'’-!° In our clinical study MRI mass 
¿was usually higher than mass determinded by cross-sec- 
tional echocardiography. This possible overestimation of 
myocardial mass by MRI may be related to partial vol- 
` ume effects and the presence of intracavitary flow sig- 
nals, 1819:24 
MRI studies in most pediatric patients aged <6 
years and in some older children require sedation, and 
anxiety has been well documented in patients undergo- 
ing MRI studies.” Imaging time was longer than that 
_ used for echocardiographic assessment of the heart. 












A multislice technique, which was used because of 
time constraints in our study, does not allow for com- 
parison of end-systolic and end-diastolic mass (which is 
another valid method of studies determining mass) be- 
cause the cardiac mass does not change during the car- 
diac cycle.!° Accuracy of LV mass measurement by 
MRI can be improved by use of multicycled double an- 
gulated scans. With this technique slices perpendicular 
to the main axis of the left ventricle and triggered at the 
same time as the cardiac cycle are used. We had previ- 
ously shown that the mean error between the multislice 
technique used in this study and the multicycled scans is 
13%. However, the latter method has the disadvantage 
of a significantly longer imaging time. 

Correlation of echocardiography and magnetic res- 
onance imaging: The correlation between both methods 
of LV mass determination has been satisfactory. From 
our relatively small proband number we get the impres- 
sion that this correlation is better in infants and smaller 
children than in adolescents. The applicability of cross- 
sectional echocardiographic mass measurements may be 
limited to newborns, infants and younger children. Fur- 
ther studies need to be done to define more exactly the 
influence of age and body composition on the accuracy 
of cross-sectional echocardiographic mass determina- 
tion. 


Acknowledgment: We thank Helen von Bibra, MD, 
for letting us use her Hewlett-Packard sector scanner 
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shown to occur with other members of the dihydropyridine class and 
are possibly a result of compromised uterine Dlood flow. Similar fetal 
anomalies were not observed in rats given felodipine. 

In a teratology study in cynomolgus menkeys no reduction in 
the size of the terminal phalanges was observed but an abnormal 
po ofthe distal phalanges was noted in about 40 percentof the 
etuses 


Nonteratogenic Effects A prolongation of parturition with difficult 
labor and an increased frequency of fetal and early postnatal 
deaths were observed in rats administered doses of 9.6 mg/kg/day 
(4 times* the maximum human dose on a mg/m? basis) and above 

Significant enlargement of the mammary glands in excess of 
the normal enlargement for pregnant rabbits was found with doses 
greater than or equal to 1.2 me/kg/day (equal to the maximum hu- 
man dose on a mg/m? basis), This effect occurred only in pregnant 
rabbits and regressed during lactation. Similar changes in the 
mammary glands were not observed in rats or monkeys. 

There are no adequate and well-controlled studies in pregnant 
women. If felodipine is used during pregnancy, or if the patient be- 
comes pregnant while taking this drug, she-should be apprised of 
the potential hazard to the fetus. possible digital anomalies of the 
infant, and the potential effects of felodipine on labor and delivery, 
and on the mammary glands of pregnant females. 


Nursing Mothers: It is not known whether tnis drug is secreted in 
human milk and because of the potential for serious adverse reac- 
tions from felodipine in the infant, a decion should be made 
whether to discontinue nursing or to discontinue the drug, taking 
into account the importance of the drug to the mother 


Pediatric Use: Satety and effectiveness in children nave not been 
established 


ADVERSE REACTIONS: In controlled studies in the United States 
and overseas hia 3000 patients were treated with felodi- 
pine as either the extended-release or the mmediate-release for- 
mulation 

The most common clinical adverse experiences reported with 
PLENDIL® (Felodipine, MSD) administered as monotherapy in all 
settings and with all dosage forms of felodipine were peripheral 
edema and headache Peripheral edema was generally mild, but it 
was age- and dose-related and resulted in discontinuation of ther- 
apy in about 4 percent of the enrolled patients. Discontinuation of 
therapy due to any clinical adverse expenence occurred in about 9 
percent of the patients receiving PLENDIL. principally for penpheral 
edema, headache, or flushing 

Adverse experiences that occurred wth an incidence of 1.5 
percent or greater during monotherapy with PLENDIL without re- 
gard to causality are compared to placebo in the table below 


Percent of Patients with Adverse Effects:iin Controlled Trials 
of PLENDIL as Monotherapy (Incidence of discontinuations 
shown in parentheses) 


PLENDIL% Placebo % 
Adverse Effect N=730 N=283 


Peripheral Edema 22.3 (4.2) 35 
Headache (2.1) 1 
Flushing (1.0) 
Dizziness 
Upper Respiratory Infection 
Asthenia 
Cough 
alt 
spepsia 
Chest Pain 
Nausea 
Muscle Cramps 
Palpitation 
Abdominal Pain 
Constipation 
Diarrhea 
Pharyngitis 
Rhinorrhea 
Back Pain 
Rash 
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“Based on patient weight of 50 kg 


Inthe two dose response studies using PLENDIL® (Felodipine, MSD) 
as monotherapy, the following table describes the incidence 
(percent) of adverse experiences that were dose-related 


Placebo 5.0 10.0 20 
N=50 


Adverse Effect N=121 N= N=1 

Penpheral Edema 25 13.9 19.5 36.0 
Palpitation 0.8 0.0 24 12.0 
Headache 12.4 11.1 18.7 28.0 
Flushing 00 28 81 200 


In addition, adverse experiences that occurred in 0.5 up to 1.5 per- 
cent of patients who received PLENDIL in all controlled clinical stud- 
ies (listed in order of decreasing severity within each category) and 
serious adverse events that occurred at a lower rate or were found 
during marketing experience (those lower rate events are in italics) 
were: Body as a Whole: Facial edema, warm sensation; Cardiovas- 
cular: Tachycardia, myocardial infarction, hypotension, syncope, 
angina pectoris, arrhythmia; cai Vomiting, dry mouth, flatu- 
lence; Hematologic; Anemia; Musculoskeletal: Arthralgia, arm 
pain, knee pain, leg pain, foot pain, hip pain, myalgia; Nervous/Psy- 
chiatric. Depression, nay disorders, insomnia, irritability, ner- 
vousness, somnolence: Respiratory: Bronchitis, influenza 

sinusitis, dyspnea. epistaxis, resoiratory infection, sneezing: Skin 

Contusion, erythema, urticaria, Urogenital: Decreased libido. ım- 
potence, urinary frequency, urinary urgency, dysuria. 

Felodipine. as an mmediate release formulation, has also been 
studied as monotherapy in 680 patients with hypertension in U.S. 
and overseas controlied clinical studies. Other adverse experi- 
ences not listed above and with an incidence of 0.5 percent or 
greater include: Body as a Whole: Fatigue, Digestive: Gastrointesti- 
nal pain; Musculoskeletal: Arthritis, local weakness. neck pain, 
shoulder pain, ankle pain; Nervous/Psychiatric: Tremor: Respira- 
tory: Rhinitis; Skin: Hyperhidrosis. pruritus; Special Senses: Blurred 
vision, tinnitus; Urogenital: Noctuna 


Gingival Hyperplasia: Gingival hyperplasia, usually mild, occurred 
in <0.5 percent of patients in controlled studies. This condition may 
be avoided or may regress with improved dental hygiene (See 
PRECAUTIONS, Information for Patients.) 


Clinical Laboratory Test Findings: Serum Electrolytes: No sig- 
nificant effects on serum electrolytes were observed during short- 
and long-term therapy (see CLINICAL PHARMACOLOGY, Renai! 
Endocrine Effects) 


Serum Glucose: No significant effects on fasting serum glucose 
ware observed in patents treated with PLENDIL in the U.S. con- 
trolied study 


Liver Enzymes: One of two episodes of elevated serum trans- 
aminases decreased once drug was discontinued in clinical stud- 
ies: no follow-up was available for the other patient 


OVERDOSAGE: Oral doses of 240 mg/kg and 264 mg/kg in male 
and female mice, respectively. and 2390 mg/kg and 2250 mgikg in 
male and female rats, respectively. caused significant lethality 

In a suicide attempt, one patient took 150 mg felodipine to- 
gether with 15 tablets each of atanolol and spironolactone and 20 
tablets of nitrazepam. The patient's blood pressure and heart rate 
were normal on admission to hospital: he subsequently recovered 
without significant sequelae 

Overdosage might be expected to cause excessive peripheral 
vasodilation with marked hypotension and possibly bradycardia 

If severe hypotersion occurs, symptomatic treatment should 
be instituted The patient should be placed supine with the legs ele- 
vated. The administration of intravenous fluids may be useful to treat 
hypotension due to overdosage with calcium antagonists. In case of 
accompanying bradycardia, atropine (0.5-1 mg) should be admin- 
istered intravenously. Sympathomimetic drugs may also be given it 
the physician teels they are warranted 

Ithas not been established whether telodipine can be removed 
from the circulation by hemodialysis 


DOSAGE AND ADMINISTRATION: The recommended initial dose 
isSmgonceaday. Therapy should be adjusted individually accord- 
ing to patient response, generally at intervals of not less than two 
weeks. The usual dosage range is 5-10 mg once daily. The maxi- 
mum recommended daily dose s 20 mg once a day. That dose in 
clinical tnals showed an increased blood pressure response Dut a 
large increase in the rate of peripheral edema and other vasodila- 
tory adverse events (see ADVERSE REACTIONS). Modification of 
the recommended dosage is usually not required in patients with 
renal impairment 

PLENDIL should be swallowed whole and not crushed or 
chewed 


Use in the Elderly or Patients with Impaired Liver Function: Pa- 
tients over 65 years o! age or patients with impaired liver function, 
because they may develop higher plasma concentrations of felodi- 
one, should have their blood pressure monitored closely during 
dosage adjustment (sae PRECAUTIONS). In general. doses above 
10 mg should not be considered in these patients. 
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For more detailed information, consult your MSD 
Representative or see complete Prescribing Information. 


Merck Sharp & Dohme, Division of Merck & Co., Inc., 
West Point, PA 19485. 
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Short- and Midterm Results of Balloon 
Valvuloplasty for Valvular Aortic 
-Stenosis in Children 


Maarten Witsenburg, MD, Adri H. Cromme-Dijkhuis, MD, 
Ingrid M. E. Frohn-Mulder, MD, and John Hess, MD 


r During a 27-month period, 21 consecutive chil- 
-dren (aged 0.1 to 15.7 years) with isolated valvu- 
lar aortic stenosis underwent percutaneous trans- 
femoral balloon valvuloplasty. Ten children had 
undergone earlier surgical valvulotomy. The indi- 

cation for treatment was ST-T-segment changes 

at rest or during bicycle-ergometry, a continuous- 

__ wave Doppler-derived transvalvular gradient >60 
mm Hg or syncope, or a combination. Mean peak 

nl systolic left ventricular pressure decreased from 
165 + 19 to 131 + 19 mm Hg (p <0.001). Mean 

end-diastolic left ventricular pressure did not 

- change significantly (12 + 3 vs 11 + 5 mm Hg). 

= Mean peak systolic valve gradient decreased from 

- 71+ 23 to 22 + 11 mm Hg (p <0,001). Mean car- 
diac index remained unchanged (2.9 + 0.8 vs. 3.0 

+ 0.7 liters - min`! - m2). Aortic valve regurgita- 
_ tion on angiography appeared or increased in 9 
patients (up to grade 3 in 3 children). Noninvasive 
follow-up studies were performed for 2 to 4.2 
: 's (mean 2.8). ST-T changes on the electrocar- 







diogram at rest or during exercise were present in 
6 patients before balloon valvuloplasty and had 
disappeared in all at 6-month follow-up. Reoccur- 
rence of ST-T changes after a longer follow-up 
was associated with severe valve regurgitation. 
< Syncope was not observed after balloon valvulo- 
plasty. The continuous-wave Doppler gradient de- 
creased from 94 + 36 to 49 + 15 mm Hg (p 
0.001), After a follow-up of 2 to 4.2 years (mean 
2.8) it remained unchanged (43 + 13 mm Hg; 
= p= not significant). Aortic regurgitation on echo- 
_ cardiography appeared or increased initially in 11 
__ patients. In some patients after longer follow-up, 
an additional increase was observed. At the latest 
follow-up, grade 3 aortic regurgitation was pres- 
ent in 5 patients, 3 of whom underwent valve re- 
_ placement. These 3 patients had undergone earli- 
er surgical valvulotomy. Except for age, weight 
and left ventricular end-diastolic pressure before 
valvuloplasty, there were no differences between 
the earlier operated and nonoperated patients. 
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Aortic valvuloplasty is effective and postpones 
surgery in the majority of patients. Occurence or 
increase of aortic valve regurgitation may be in- 
duced, leading to valve replacement in 14% of pa- 
tients within 2 years. 

(Am J Cardiol 1992;69:945-950) 


lar aortic stenosis in children prompted several 

investigators to use this technique as an alterna- 
tive to surgical valvulotomy. Balloon vaivuloplasty has 
been used as an initial treatment, as well as for resteno- 
sis after earlier surgical valvulotomy. Questions remain 
as to whether balloon valvuloplasty is the primary 
choice of treatment, because of the associated risks of 
this technique, such as the occurrence of valvular regur- 
gitation.'? In most studies data on follow-up are limited 
to 1 to 2 years.>-7 In this study we describe our experi- 
ence with balloon valvuloplasty for isolated valvular aor- 
tic stenosis in children (with 2 to 4.2 years of follow-up 
data), with special emphasis on the initial indications on 
the basis of which the balloon valvuloplasty was per- 
formed. 


Te: introduction of balloon valvuloplasty for valvu- 


METHODS 

Between April 1987 and July 1989, all children pre- 
senting consecutively at our institution with isolated val- 
vular aortic stenosis and a continuous-wave Doppler-de- 
rived transvalvular gradient >60 mm Hg or ST-T~seg- 
ment changes 22 mm on the electrocardiogram, at rest 
or during exercise, or both, were included in the study. 
Syncope was also an indication for treatment, even if 
the other criteria were not met. In patients with an inva- 
sive transvalvular pressure gradient <60 mm Hg, the 
aortic valve area had to be <0.7 cm? - m=? to proceed to 
treatment. Patients with more than grade 2 valve regur- 
gitation angiographically or with multiple cardiac mal- 
formations were not included. The inclusion criteria 
were fulfilled in 21 children. All 21 children (5 girls and 
16 boys, mean age 7.7 years, range 0.1 to 15.9) had 
isolated valvular aortic stenosis, except one 5-year-old 
boy who underwent coarctation repair at the age of 1 
day. Ten patients had undergone earlier surgical valvu- 
lotomy 2.1 to 11 years (mean 5.6) before balloon valvu- 
loplasty. The continuous-wave Doppler pressure gradi- 
ent was. >60 mm Hg in 18 patients. Of these 18- pa- 
tients, 1 had syncope, 2 had ST-T-segment changes at 
rest, and 2 had ST-T-segment. changes at exercise. In 
the 3 patients with a Doppler. pressure gradient <60 
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“TABLE Cardiac Catheterization Data Before and After Bal foon Va Ivulop 
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* 180 110 15 12 89 3.3 0.53 14.2 20.9 
CRE 165 154 15 15 60 31 - - — ~ ~ - 
3 150 158 10 8 43 36 2.0 2.7 0.30 0.45 40.0 33.7 
j 4s 158 158 15 14 53 20 3.5 3.3 0.48 0.74 24.2 30.3 
oS. 133 134 10 6 39 26 2.7 3.5 0.43 0.69 28.2 23.4 
6 117 ~ 11 ~ 35 = 3.9 ~ 0.66 _ 17.4 -= 
oE 135 140 12 12 43 12 2.3 2.4 0.35 0.69 30.4 46.2 
8: 183 147 14 10 69 11 2.7 3.3 0.32 1.00 26,3 28.8 
9, 185 113 12 11 118 24 2.3F 2.3 0.21 0.60 16.1 23.9 
cto 178 126 10 8 78 29 3.1 2.5 0.35 0.46 19.7 22.4 
“dd 172 106 8 7 91 27 4.2 4.0 0.44 0.87 14.8 15.0 
-te« 178 128 15 15 84 28 2.8 2.9 0.30 0.55 27.1 27.9 
13* (158 143 13 25 66 36 2.7 2.4 0.30 0.44 26.7 34.6 
DE 153 132 15 8 60 l4 2.0 2.0 0.26 0.53 33.5 50.5 
157 147 125 7 7 58 12 2.4 2.1 0.31 0.61 29.6 44,3 
165°. 166 150 7 15 86 48 29 4.6 0.32 0.65 23.8 18.5 
A W G 152 145 14 8 39 21 3.0 2.3 0.48 0.50 30.0 44.4 
18* 169 113 I 18 78 15 28 4.0 0.32 1.03 214 16.8 
19* 187 124 14 10 98 14 2.5 3.2 0.25 0.81 28,4 26.9 
20: 201 127 9 8 113 12 2,3F 2.9 0,22 0.84 25.2 25.2 
21 138 90 14 10 61 11 3.2F 3.0 0.41 1.13 19.1 21.7 
465219 131419 1243 1145 71223 22210 29408 3.00.7 035+009 0.71 +021 252+ 6.6 29.2 + 10.5 
p <0.001 NS p <0,001 NS p <0.001 p <0.05 
“Sealer surgical valvulotomy. 
Diast. = diastolic; F = cardiac index by Fick method; Grad. = gradient; LV = left ventricular; NS. = not significant; Press. = pressure; Resist. = resistance; Syst, = systolic. 
Eene EOS | 








mm Hg, | had syncope, and 2 had a positive exercise 

. test. The indexed aortic valve area could be calculated 
in 19 patients (<0.7 cm? - m7). 

Noninvasive studies: Standard surface electrocar- 
- diograms were recorded. The presence of left ventricu- 
lar hypertrophy on the Glecirooardiogram was assessed 
according to voltage criteria.” Bicycle ergometry was 
performed in patients with Doppler gradients <70 mm 
Hg. The electrocardiogram and exercise tests were 
judged positive when ST-T-segment changes 22 mm 
were: present. 

Echocardiography included M-mode and 2-dimen- 
sional studies combined with color-coded Doppler. Con- 
tinuous-wave Doppler was used to determine pressure 
gradients. Aortic regurgitation was evaluated semiquan- 
titatively by a combination of Doppler and 2-dimension- 
al imaging. Absence of any leakage was judged as grade 
0, a regurgitant jet not exceeding the level halfway to 

the anterior mitral valve leaflet as grade 1, and a jet 
reaching to a level between the middle and the tip of 
the anterior mitral valve leaflet as grade 2. If left ven- 
tricular dilatation was present in combination with a jet 
deep into the left ventricular cavity, and backflow in the 
aortic arch, the regurgitation was classified as grade 
3. Electrocardiographic and echocardiographic studies 
were performed before and the day after valvuloplasty, 
after 6 and 12 months, and then yearly. Exercise studies 
at follow-up were performed i in patients if the age was 
appropriate. 
<5 Invasive studies: Right- and left-sided. heart. cathe- 
terizations were performed under general anesthesia, in- 
cluding pressure measurements with fluid-filled cathe- 
ters. Cardiac index was: determined by means a the 
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dye-dilution or Fick method. Aortic valve area was cal- 
culated with the simplified Gorlin and Gorlin formulas. 
A supravalvular aortogram was obtained to grade even- 
tual aortic regurgitation on a scale of 0 of 4.? From the 
angiogram, annular diameter was measured. The bal- 
loon size chosen was 0.9 tol time that of the valve 
annulus. Only single balloons were used. From April: 
1989:in the older children, stiff guidewires were used.to 
improve the stability of the balloon during. inflation. 
Balloons were inflated 3 to 4 times, up-to pressures of 3 
to 4 atm. During the actual dilatation procedure, frac- 
tional inspired oxygen concentration was temporarily in- 
creased from 30 to 100%. After the procedure, pressures 
and cardiac index were measured again, and aortogra- 
phy was repeated. Bleeding from the groin after remov- 
al of the catheters was controlled by attentive local 
manual compression. Patients were observed for 6 to 18 
hours after the procedure in the intensive care unit, with 
special regard to bleeding and diminished femoral ar- 
tery perfusion.'° 

Data analysis: Group data are presented as mean +. 
SD, and range, Statistical analysis was performed. using 
Student’s paired or unpaired ¢ test. Differences were 
considered significant at p <0.05. 


RESULTS 

Cardiac catheterization data (Table Hr Mean peak 
systolic left ventricular pressure was 165 + 19 before 
and 131- 19 mm Hg after valvuloplasty. (p <0.001). 
Mean end-diastolic left ventricular pressure was 12 + 3 
mm Hg before and 11 + 5 mm Hg after valvuloplasty 
(p = not significant [NS]). Mean peak systolic pressure 
difference between the left ventricle and aorta was 71 + 











and 3.0 + 0.7 liters - min! - 


-0.09 cm? - 





23 mm Hg before and 22 + 10 mm Hg after valvulo- 
plasty (p <0.001). In 19 patients, the cardiac index (15 
_ dye, 4 Fick) was 2.9 + 0.8 liters = min7! - m=? before 
m~? after valvuloplasty 
(p= NS). ue aortic valve area index was 0.35 + 
72 before and 0.71 + 0.21 cm? «m~? after 
ae saivuloplasty (p <0.001). Mean systemic ae resis- 
_ tance index increased from 25.6 + 6.6 to 29.2 + 10.5 
~-U-+m? (p <0.05). 
, Angiographic data: Because severe femoral artery 
-spasm after balloon valvuloplasty prevented repeat angi- 
<< ography in 1 five-month-old infant, 20 patients were 
„studied. Aortography before balloon valvuloplasty re- 
vealed no regurgitation in 8 patients, grade 1 regurgita- 
tion in 5, and grade 2 in 7. After balloon valvuloplasty, 
_ the aortic valve was still competent in 2 patients. Regur- 


-= gitation remained unchanged in 9 patients, increased | 


grade in 4, two grades in 3, and 3 grades in 2 (Figure 

1). Of the 4 patients with grade 3 regurgitation after 
balloon valvuloplasty, 2 did not have regurgitation be- 
fore valvuloplasty, 1 had grade 1 regurgitation, and 1 

had grade 2. 

-iu> Electrocardiographic and exercise studies: Before 
balloon valvuloplasty, electrocardiography showed left 
ventricular hypertrophy without ST-T changes in 16 pa- 

tients, 10 of whom had no left ventricular hypertrophy 6 

“months after balloon valvuloplasty. In 3 patients, the 
electrocardiogram before valvuloplasty was normal, but 

-showed left ventricular hypertrophy in 2 of them at 6- 

month follow-up. Before balloon valvuloplasty, electro- 
_ cardiography at rest showed ST-T changes with signs of 

left ventricular hypertrophy in 2 patients; 6 months af- 
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FIGURE 1. Angiographically (angio) determined aortic valve 
regurgitation (AR) before and after valvuloplasty. 





ter balloon valvuloplasty, the ST-T changes had disap- 
peared in both patients. In 1 of these patients, who had 
severe aortic regurgitation after balloon valvuloplasty, 
ST-T changes reappeared after 2 years. In 1 patient 
with left ventricular hypertrophy before balloon valvulo- 
plasty, left bundle branch block occurred during balloon 
valvuloplasty and persisted up to 6 months, but had dis- 
appeared at 12 months. Exercise studies were per- 
formed in 4 patients before balloon valvuloplasty and 
were abnormal with respect to ST-T-segment changes. 
The exercise-induced ST-T changes had disappeared in 
all 4 patients 6 months after balloon valvuloplasty. An- 
other patient with severe regurgitation after balloon val- 
vuloplasty had short runs of ventricular tachycardia at 
12 months, although there were no abnormalities at ex- 
ercise at 6-month follow-up. 

Doppler echocardiography: The transvalvular pres- 
sure gradient determined with continuous-wave Doppler 
decreased from 94 + 36 to 49 + 15 mm Hg the day 
after balloon valvuloplasty (p <0.001). At 6-month fol- 
low-up, the pressure gradient was 48 + 15 mm Hg 
(p = NS), and at 12 months, 45 + 13 mm Hg (p= 
NS). At the latest follow-up (range 2 to 4.2 years, mean 
2.8), the Doppler gradient was 43 + 13 mm Hg 
(p = NS; Figure 2). Aortic valve competence | day af- 
ter balloon valvuloplasty was still present. in 3 patients. 
Regurgitation remained unchanged. in 7 patients, and 
increased 1 grade in 8, two grades in 1, and 3 grades in 
2. During follow-up, changes also were observed (Fig- 
ure 3). In 4 patients, grade 1 regurgitation increased to 
grade 2, and in 3, grade 2 increased to grade 3. At the 
latest follow-up, 5 patients were judged to have grade 3 
aortic regurgitation, 3 of whom underwent valve re- 
placement. 

Short-term complications: There were no deaths. 
Substantial bleeding from the groin occurred in 5 pa- 
tients needing transfusion. Femoral artery thrombosis 
occurred in 4 patients (19%), 3 of whom were aged <5 
months. All 4 patients were treated with streptokinase 
with good results, except 1 who initially persisted to 
have impaired pedal pulses. However, at follow-up, pul- 
sations of both legs were equal. The increase of aortic 
regurgitation from grade 0 to 3 in 2 patients did not 





CW-Doppler gradient 
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FIGURE 2. Transvalvular aortic gradient determined with con- 
tinuous-wave (CW) Doppler before valvuloplasty, at i day, 6 
and 12 months, and at latest follow-up (f.u.). ` 
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Surgery. NoSurgey o es 
in = 10) oe as iby p Values oe: 








Age (yr) 

Weight (kg) 

Peak syst. LV press. (pre) 
(mm Hg) 

Peak syst. LV press. 
(post) (mm Hg) 

End-diast. LV press. (pre) 
(mm Hg) 

End-diast. LV press. 
(post) (mm Hg) 

Peak syst. gradient (pre) 
(mm Hg) 

Peak syst. gradient (post) 
(mm Hg) 

Aortic valve area (pre) 
tem? © m~2) 

Aortic valve area (post) 
(em? : m72) 

Cardiac index (pre) 
iL- min-! > m72) 

Cardiac index (post) 
{L mint- m72) 

Systemic vasc. resist, 
(pre) (U > m?) 

Systemic vasc. resist. 
(post) (U - m?) 

CW Doppler gradient (pre) 
imm Hg) 

CW Doppler gradient 
{post) (mm Hg) 

CW Doppler gradient (6 
mos) (mm Hg) 

CW Doppler gradient (12 
mos) (mm Hg) 

CW Doppler gradient (lat- 
est) (mm Hg) 


CW = continuous-wave; vase. = vascular; other abbreviations as in Table |. 








Slot 4.2 
19411 


<0.01 
<0.01 


10.6 + 3.8 
344-12 





166 + 16 160 £+ 25 NS 
132 + 14 131 + 23 NS 
1442 lL+3 <0.01 
1345 10 +3 NS 
70 + 20 70 + 29 NS. 
21+9 23 41 NS 
3.35 + 0.11 0.37 + 0.12 NS 
0.64 + 0.20 0.79 + 0.18 NS 
2.9 20.8 2.9 £0.7 NS 
2820.6 3.2 + 0.8 NS 
25,7 46.1 24.1 47.3 NS 
32.2 + 12.2 26.5 + 8.4 NS 
92 + 34 97 x 39 NS 
47 + 18 50 + 12 NS 
48 + 21 4949 NS 
45 + 15 45 + 10 NS 
42 Ł 17 43 + 10 NS 








lead to acute clinical problems, and both were dis- 
«charged 2 days after balloon valvuloplasty. In 1 patient, 
a left bundle branch block pattern on the electrocardio- was performed in 3 patients between | and.2 years after 
-gram was still prominent on the day of discharge. 
< Clinical follow-up: Syncope did not occur in any pa- vulotomy before balloon valvuloplasty. The indication 
tient after balloon valvuloplasty. Clinical condition was for valve replacement was severe aortic regurgitation 











6mo :12mo latest f.u. 


good, even in patients who developed substantial aortic _ 
regurgitation acutely or later, Aortic valve replacement 





















valvuloplasty. All 3 patients had undergone surgical val- 


and short runs of ventricular tachycardia during exer- 


ee cise in 1 patient (Table I, patient 13), and echocardio- 
: Aortic regurgitation (echo) graphically, a grade 3 aortic regurgitation leading to 


24 


progressive left ventricular dilatation in the 2 other pa- 
tients (Table I, patients 10 and 19). In these: patients, 
the aortic root was successfully replaced bya pulmo- 
grade 1 nary autograft, and an allograft was placed in the pul- 
Eza monary position.!! The other 2 children with substantial 
ee regurgitation are followed at. half-year intervals. 

pane Outcome related to eventual earlier surgery: A 
= comparison was performed between patients who had 
undergone earlier surgical valvotomy and. those with no 
previous no treatment (Table I). Age and weight were 
significantly greater in patients who had undergone ear- 
lier surgery, Invasively. determined hemodynamic pa- 
rameters were not different between both groups, except 
for end-diastolic left ventricular pressure before balloon 
valvuloplasty, which was slightly lower in the nonoper- 


grade 0 
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ated group. Doppler-derived pressure gradients were not 











enificantly different between both groups before or af- 
ter valvuloplasty. The increase in regurgitation angio- 
- graphically was not significantly different between both 
_ groups. Echocardiographically, there was no difference 
__ between the groups, nor shortly after valvuloplasty, nor 
< at follow-up. However, the need for valve replacement 
only occurred in the operated group. 


‘DISCUSSION 
The treatment of aortic valve stenosis in children 
-aims to preserve left ventricular function and to prevent 
. acute and chronic complications.'* To assess the sever- 
¿ity of the stenosis, the transvalvular pressure gradient is 
a practical measurement, especially when obtained with 
continuous-wave Doppler. Compared with invasively 
measured gradients, continuous-wave Doppler tends to 
overestimate the gradient owing to the difference in 
peak-to-peak versus a peak instantaneous measurement. 
In contrast, invasively measured transvalvular pressure 
gradients obtained under general anesthesia may under- 
estimate the severity of the stenosis owing to factors 
such as diminished cardiac output. Therefore, cardiac 
. output should be taken into account, and aortic valve 
area calculated. Furthermore, one should realize that in 
some patients the ventricular response (i.e., functional 
severity of stenosis) may not be reflected by the trans- 
valvular gradient and aortic valve area. Changes of the 
ST-T-segment interpreted as a sign of subendocardial 
ischemia and syncopal attacks may occur in patients 
with only moderate transvalvular gradients. Because 
this has been associated with morbidity and mortality, 
«patients with such a presentation were also judged to 
_ have an indication for treatment.'? In this study, balloon 
-< valvuloplasty directly resulted in a 20% reduction of 
~ peak systolic left ventricular pressure, and a 64% de- 
crease in the transvalvular gradient. The only moderate 
reduction of peak systolic left ventricular pressure with- 
out changes in cardiac index must be explained by a 
concomitant increase in systemic vascular resistance, of 
. which the cause is unclear. Several factors may explain 
this feature. The vasoconstrictive effect of an elevated 
inspired oxygen concentration may still be present at 
the time of sampling. In addition, probably due to the 
~ effect of general anesthesia, the absolute systolic pres- 
_ sures are relatively low, so the effect on left ventricular 
systolic pressure (as measured invasively) is only limit- 
ed. The follow-up data only relate to noninvasive stud- 
des. This in part limits evaluation of the safety and effi- 
-cacy of the use of balloon valvuloplasty as an alternative 
-for surgical valvotomy. The gradient reduction (as mea- 
` sured with continuous-wave Doppler) was not as large 
-as that measured invasively (48 vs 64%). Restenosis at 
follow-up was not observed. Furthermore, in the pres- 
ence of significant regurgitation, the continuous-wave 
Doppler gradient overestimates the gradient. Occur- 
<- rence or increase of aortic regurgitation was noted in 
45% of patients after balloon valvuloplasty. Although 
during follow-up in some patients an increase in aortic 
regurgitation occurred, none needed surgical interven- 
=- tion. The 3 patients that did need valve replacement 
within 1 to 2 years had grade 3 aortic regurgitation on 
angiography directly after balloon valvuloplasty, and 1 











had a markedly elevated end-diastolic left. ventricular 
pressure. The acute increase in aortic regurgitation was 
also reported by other investigators. The reasons. for 
this increase are both technical and morphologic: Haz- 
ardous movements of the balloon may be prevented by 
using longer balloons in combination with a stiff guide- 
wire, especially in older children. However, in patients 
that underwent balloon valvuloplasty after July 1989 
(not included in this study) using such a guidewire, sub- 
stantial progression of aortic regurgitation was still ob- 
served. Measurements of the valve annulus were ob- 
tained from the aortogram, which are (in our experi- 
ence) comparable to those from the left ventriculogram. 
The measurements were obtained from the videoscreen 
with a calibration grid, but even the use of a grid does 
not warrant a completely reliable measurement: There 
was no relation between the relative size of the balloon 
used and the occurence or progression of valve regurgi- 
tation. Transesophageal echocardiography can elucidate 
the valve morphology, and the positioning of the balloon 
and guidewire.'? However, it remains questionable if a 
better knowledge of the valve morphology will provide 
more insight to the potential risk of inducing aortic 
valve regurgitation by balloon valvuloplasty. Our results 
confirm the findings of a recent study that a further 
increase in regurgitation is observed during follow-up in 
some patients.' Prolapse of the aortic valve, associated 
with rupture of the valve cusp due to valvuloplasty, is 
suggested to be progressive, especially when commissur- 
al support is absent. In our patients with progressive re- 
gurgitation we have not been able to document any pro- 
lapse (neither at echocardiographic examination or at 
surgery for valve replacement). Except for age, weight 
and left ventricular end-diastolic pressure before valvu- 
loplasty, there were no differences between the earlier 
operated and nonoperated patients. However, the need 
for valve replacement occurred only in patients who had 
undergone earlier surgical valvulotomy. Regarding the 
indication for treatment, the continuous-wave Doppler 
gradient decreased to <60 mm Hg in all except. 3: pa- 
tients. Two of these patients also had substantial regur- 
gitation that was likely to overestimate the gradient 
with continuous-wave Doppler. In the third patient, the 
valve gradient after balloon valvuloplasty was slightly 
>60 mm Hg and remained unchanged during 2-year 
follow-up. However, before treatment, this patient had 
ST-T-changes during exercise, which disappeared after 
balloon valvuloplasty and did not reoccur at follow-up. 
Furthermore, all other patients with ST-T changes at 
rest or during exercise had normal ST-T segments 
shortly after balloon valvuloplasty. Reoccurrence of 
these changes was clearly associated with the presence 
of severe aortic regurgitation with ventricular dilatation. 
Syncopal attacks did not occur in the few patients who 
presented with this complaint before balloon valvulo- 
plasty. This study confirms the usefulness of exercise 
studies in these patients also after earlier surgical valvu- 
lotomy.'4 In summary, 17 of 21 patients in. this study 
definitely benefited from balloon valvuloplasty: with re- 
gard to the initial indication for treatment. In 4 pa- 
tients, the result was questionable owing to either the 
occurrence. of severe aortic regurgitation or persistence 
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] although femoral artery thrombosis (es- 
"pecially i in children aged <1 year) can prolong hospital 

stay and costs. Longer term follow-up data are needed 
for a more definite evaluation of balloon valvuloplasty 
-o for valvular aortic stenosis in children. 
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LOZOL® (indapamide) 2.5 mg tablets 

BRIEF SUMMARY 

INDICATIONS AND USAGE: LOZOL pe pea is indicated for the treatment of 
hypertension, alone or in combination with other antihypertensive dri ae 
treatment of salt and fluid retention associated with congestive heart failu 

Usage in Pregnancy: See PRECAUTIONS. 

uu Anuria, hypersensitivity to indapamide or other sulfonamide- 


WARNINGS: Infrequent cases of severe hyponatremia, accom| by hypokalemia, 
tare nen spona win coe ss apn ay N 
elderly females. were reversed by electrolyte replenishment (see 
PRECAUTIONS), Occurs commonly with diuretics (see ADVERSE 
ACTON pena, a electrolyte monitoring is essential. In general, diuretics 
should not be given with 

DPA cn eres aAA Saanich eit inc 
especially in patients who are vomiting excessively or receiving parenteral fluids, in 
EE E a A O, 0 dp ampere 
addition, patients should be observed for clinical signs of fluid e e, 


ACTH erect wth sdqudwd ae o cos wil ao contribui 1o 


hypokalemia. can sensitize or exaggerate the response of the heart to the 
toxic effects of is, such as increased ventricular irritability. 


receiving indapamide. titel th tag po dr praa by pda 


Use with caution in patients with severe renal disease; consider withholding or 
eee Renal function tests should 
be performed periodically. 
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Lozol, the fastest growing diuretic brand,' is 
compatible with other antihypertensive agents. That’s 
why when Kindhearted Lozol is prescribed, it’s for 
combination therapy two out of three times.* For your 
patients who are uncontrolled on other antihypertensive 


since minor alterations of fluid and electrolyte balance may precipitate hepatic coma. 
Laat abeles may become maritest and sin eqareens in Gabel patenis 
may be altered thiazide administration. Serum concentrations of glucose shouid 
be monitored routinely during treatment with indapamide. 

Calcium excretion is decreased by diuretics pharmacologically related to indapamide. 
Serum concentrations of calcium increased only slightly with indapamide in long-term 
Ne eee oe 


Thiazides have exacerbated or activated systemic lupus erythematosus. Consider this 
possibilty with indapamide 


Ora PENTONE LOZOL as Bracke the action of other 
pe ame a. e eras 


ise ndasnce df benns alaga aoas Tirakat 
groups. 
Pregnancy Category B: Diuretics cross the placental barrier and appear in cord blood. 


excreted in human milk. if use of this drug is deemed essential, the patient should stop 
nursing. 
any pero gears plortagod aoci havs boan mkd er pean frar 


pain or cramps, anorexia, orthostatic hypotension, 
eas roe oipe inpandige aree aip 
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Use with caution in patients with impaired hepatic function or progressive liver disease, 


agents, Lozol provides compatible antihypertensive 
therapy with enhanced efficacy. 





ONE A DAY 





pruritus, vasculitis, impotence or reduced libido, rhinorrhea, flushing, hyperuricemia, 
hyperglycemia, hyponatremia, r Lantaran dor 
glycosuria, weight loss, dry tingling of aaie: Goel eee 
Occurred in 3% and 7% of patients given indapamide 2.5 mg and 5.0 mg, respectively. 
iva long-term sty (157 patents) potassium was given to 12% and 


supplementation 
blithe cen OA Aapke 29 ir SA respectively. Other adverse 
reactions reported with antihypertensive/diuretics are intrahepatic cholestatic j 


AITO Fodera (USA) law prohibits dispensing wont perbin 

Dene iewcieaeat room temperature. Avoid excessive heat. 
Dispense in tight containers as defined in USP. 

See product circular for full prescribing information. Revised: June 1990 
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BRIEF SUMMARY 


CARDIZEM” 
(diltiazem hydrochloride) 
Tablets 


CONTRAINDICATIONS 

CARDIZEM is contraindicated in (1) patients with sick sinus 
syndrome except in the presence of a functioning ventricular 
pacemaker, (2) patients with second- or third-degree AV block 
except in the presence of a functioning ventricular pacemaker, 
(3) patients with hypotension (less than 90 mm Hg systolic), 
(4) patients who have demonstrated hypersensitivity to tne drug, 
and (5) patients with acute myocardial infarction anc pulmonary 
congestion documented by x-ray on admission 


WARNINGS 

1. Cardiac Conduction. CARDIZEM prolongs AV node refractory 
periods without significantly prolonging sinus node recovery 
time, except in patients with sick sinus syndrome. This effect 
may rarely result in abnormally slow heart rates (particularly 
in patients with sick sinus syndrome) or second- or third- 
degree AV block (six of 1,243 patients for 0.48%). Concomi- 
tant use of diltiazem with beta-blockers or digitalis may result 
in additive effects on cardiac conduction. A patient with 
Prinzmetal's angina developed periods of asystole (2 to 5 
seconds) after a single dose of 60 mg of diltiazem 

2. Congestive Heart Failure, Although diltiazem has a negative 
inotropic effect in isolated animal tissue preparations. hemo- 
dynamic studies in humans with normal ventricular function 
have not shown a reduction in cardiac index nor consistent 
negative effects on contractility (dp/dt). Experience with the 
use of CARDIZEM alone or in combination with beta-blockers 
in patients with impaired ventricular function is very limited. 
Caution should be exercised when using the drug in such 
patients. 

3. Hypotension. Decreases in blood pressure associated with 
CARDIZEM therapy may occasionally result in symptomatic 
hypotension 

4. Acute Hepatic Injury. In rare instances, significant elevations 
in enzymes such as alkaline phosphatase, LDH, SGOT SGPT, 
and other phenomena consistent with acute hepatic injury 
have been noted. These reactions have been reversible upon 
discontinuation of drug therapy. The relationship to CARDIZEM 
is uncertain in most cases, but probable in some. (See 
PRECAUTIONS.) 


PRECAUTIONS 

General. CARDIZEM (diltiazem hydrochloride) is extensively 
metabolized by the liver and excreted by the kidneys and in bile. 
As with any drug given over prolonged periods, laboratory 
parameters should be monitored at regular intervals. The drug 
should be used with caution in patients with impaired renal or 
hepatic function. In subacute and chronic dog and rat studies 
designed to produce toxicity, high doses of diltiazem were 
associated with hepatic damage. In special subacute hepatic 
Studies, oral doses of 125 mg/kg and higher in rats were asso- 
clated with histological changes in the liver which were reversible 
when the drugwas discontinued. In dogs, doses of 20 mg/kg were 
also associated with hepatic changes; however, these changes 
were reversible with continued dosing 

Dermatological events (see ADVERSE REACTIONS section) 
may be transient and may disappear despite continued use of 
CARDIZEM. However, skin eruptions progressing to erythema 
multiforme and/or exfoliative dermatitis have also been infre- 
quently reported. Should a dermatologic reaction persist, the drug 
should be discontinued. 

Drug Interaction. Due to the potential for additive effects, 
caution and careful titration are warranted in patients receiving 
CARDIZEM concomitantly with any agents known to affect 
cardiac contractility and/or conduction. (See WARNINGS.) 
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Pharmacologic studies indicate that there may be additive 
effects in prolonging AV conduction when using beta-blockers or 
digitalis concomitantly with CARDIZEM. (See WARNINGS.) 

As with all drugs, care should be exercised when treating 
patients with multiple medications. CARDIZEM undergoes 
biotransformation by cytochrome P-450 mixed function oxidase. 
Coadministration of CARDIZEM with other agents which follow the 
same route of biotransformation may result in the competitive 
inhibition of metabolism. Dosages of similarly metabolized drugs, 
particularly those of low therapeutic ratio or in patients with renal 
and/or hepatic impairment, may require adjustment when 
starting or stopping concomitantly administered CARDIZEM to 
maintain optimum therapeutic blood levels. 

Beta-blockers: Controlled and uncontrolled domestic studies 
suggest that concomitant use of CARDIZEM and beta-blockers 
or digitalis is usually well tolerated. Available data are not suffi- 
cient, however, to predict the effects of concomitant treatment, 
particularly in patients with left ventriculardysfunction or cardiac 
conduction abnormalities, 

Administration of CARDIZEM (diltiazem hydrochloride) con- 
comitantly with propranolol in five norma! volunteers resulted in 
increased propranolol levels in all subjects and bioavailability of 
propranolol was increased approximately 50%. If combination 
therapy is initiated or withdrawn in conjunetion with propranolol, 
an adjustment in the propranolol dose may be warranted. (See 
WARNINGS.) 

Cimetidine: A study in six healthy volunteers has shown a 
significant increase in peak diltiazem plasma levels (58%) and 
area-under-the curve (53%) after a 1-week course of cimetidine 
at 1,200 mg per day and diltiazem 60 mg per day. Ranitidine 
produced smaller, nonsignificant increases. The effect may be 
mediated by cimetidine's known inhibition of hepatic cytochrome 
P-450, the enzyme system probably responsible for the first-pass 
metabolism of diltiazem. Patients currently receiving diltiazem 
therapy should be carefully monitored fora change in pharma- 
cological effect when initiating and discontinuing therapy with 
cimetidine. An adjustment in the diltiazem dese may be warranted 


Digitalis: Administration of CARDIZEM with digoxin in 24 
healthy male subjects increased plasma digoxin concentrations 
approximately 20%. Another investigator found no increase in 
digoxin levels in 12 patients with coronary artery disease. Since 
there have been conflicting results regarding the effect of digoxin 
levels, itis recommended that digoxin levels be monitored when 
initiating, adjusting, and discontinuing CARDIZEM therapy to avoid 
possible over- or under-digitalization. (See WARNINGS.) 

Anesthetics: The depression of cardiac contractility, conduc- 
tivity, and automaticity as well as the vascular dilation associated 
with anesthetics may be potentiated by calcium channel blockers 
When used concomitantly, anesthetics and calcium blockers 
should be titrated carefully. 

Carcinogenesis, Mutagenesis, Impairment of Fertility. A 
24-month study in rats and a 21-month study in mice showed no 
evidence of carcinogenicity. There was also no mutagenic 
response in in vitro bacterial tests. No intrinsic effect on fertility 
was observed in rats. 

Pregnancy. Category C. Reproduction studies have been 
conducted in mice, rats, and rabbits. Administration of doses 
ranging from five to ten times greater (on a mg/kg basis) than the 
daily recommended therapeutic dose has resulted in embryo and 
fetal lethality. These doses, in some studies, have been reported 
to cause skeletal abnormalities. In the perinatal/postnatal studies, 
there was some reduction in early individual pup weights and 
survival rates. There was an increased incidence of stillbirths 
at doses of 20 times the human dose or greater. 

There are no well-controlled studies in pregnant women; 
therefore, use CARDIZEM in pregnant women only if the poten- 
tial benefit justifies the potential risk to the fetus. 


Nursing Mothers. Diltiazem is excreted in human milk. One 





report suggests that concentrations in breast milk may approxi- 
mate serum levels, If use of CARDIZEM is deemed essential, an 
alternative method of infant feeding should be instituted 

Pediatric Use. Safety and effectiveness in children have not 
been established 


ADVERSE REACTIONS 

Serious adverse reactions have been rare in studies carried out 
to date, but it should be recognized that patients with impaired 
ventricular function and cardiac conduction abnormalities have 
usually been excluded. 

in domestic placebo-controlled angina trials, the incidence of 
adverse reactions reported during CARDIZEM therapy was not 
greater than that reported during placebo therapy 

The following represent occurrences observed in clinical studies 
of angina patients. In many cases, the relationship to CARDIZEM 
has not been established. The most common occurrences from 
these studies, as well as their frequency of presentation, are 
edema (2.4%), headache (2.1%), nausea (1.9%), dizziness 

(1.5%), rash (1.3%), asthenia (1.2%). In addition, the following 

events were reported infrequently (less than 1%): 

Cardiovascular: Angina, arrhythmia, AV block (first degree), 
AV block (second or third degree—see con- 
duction warning), bradycardia, bundle 
branch block, congestive heart failure, ECG 
abnormality, flushing, hypotension, palpita- 
tions, syncope, tachycardia, ventricular 
extrasystoles. 

Nervous System: Abnormal dreams, amnesia, depression, gait 
abnormality, hallucinations, insomnia, ner- 
vousness, paresthesia, personality change, 
somnolence, tremor. 

Gastrointestinal: Anorexia, constipation, diarrhea, dysgeusia, 
dyspepsia, mild elevations of alkaline phos- 
phatase, SGOT, SGPT, and LDH (see hepatic 
warnings), thirst, vomiting, weight increase. 

Dermatological: Petechiae, photosensitivity, pruritus, 
urticaria. 
Amblyopia, CPK elevation, dry mouth, 
dyspnea, epistaxis, eye irritation, hyper- 
glycemia, hyperuricemia, impotence, 
muscle cramps. nasal congestion, nocturia, 
osteoarticular pain, polyuria, sexual difficul- 
ties, tinnitus 
The following oe ee have been reported 
infrequently in patients receiving CARDIZEM: alopecia, erythema 
multiforme, extrapyramidal symptoms, gingival hyperplasia, 
hemolytic anemia, increased bleeding time, leukopenia, purpura, 
retinopathy, and thrombocytopenia. There have been observed 
cases of a generalized rash, characterized as leukocytoclastic vas- 
culitis. In addition, events such as myocardial infarction have been 
observed which are not readily distinguishable from the natural 
history of the disease in these patients. A definitive cause and effect 
relationship between these events and CARDIZEM therapy can- 
not yet be established. Exfoliative dermatitis (proven by 
rechallenge) has also been reported 
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_ MISCELLANEOUS 


Circadian Variation in Platelet Function in 
Healthy Volunteers 


Syed M. Jafri. MD, Mike VanRollins, PhD, Tsunenori Ozawa, MD, Eberhard. F. Mammen, MD, 
A. David Goldberg, MD, and Sidney Goldstein, MD 





<: Circadian variation in hemostatic factors may con- 
tribute to a higher frequency of cardiac events ob- 
“served in the morning and with activity. Diurnal 
changes in these factors were investigated by 
measuring in vitro platelet aggregability in re- 
sponse to epinephrine and adenosine diphosphate 
together with 6-thromboglobulin and platelet fac- 
tor 4 as indexes of in vivo platelet activation. Acti- 
vation of coagulation was measured by thrombin- 
antithrombin Ill complexes and D-Dimers. Tests 
were performed in 9 normal healthy subjects. Cir- 
cadian changes occurred in §-thromboglobulin (p 
<0.05) and platelet factor 4 (p <0.06). Plasma lev- 
els of 6-thrombogiobulin and platelet factor 4 
were lowest with patients supine and resting at 7 
and 8 A.M., and increased with activity, with peak 
levels achieved at 3 P.M. (p <0.01). Thrombin-an- 
tithrombin IH complexes {p = 0.44), D-Dimer 
(p = 0.36) and in vitro platelet aggregability to 
adenosine diphosphate (p = 0.20) did not show di- 
_-urnal variation. There was a trend toward circadi- 
~ an variation in vitro platelet aggregability to epi- 
: nephrine, but these changes did not achieve statis- 
tical significance (p = 0.16). Circadian changes of 
in vivo release of 6-thromboglobulin and platelet 
factor 4 correlated to patient activity and not to 
the morning peaks in ischemic events. These data 
indicate that changes in platelet function and not 
in coagulation have a diurnal occurrence. 
(Am J Cardiol 1992;69:951-954) 
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risk of thrombus initiation or decrease the rate of 

thrombus removal can be an important. trigger 
mechanism for coronary thrombosis. Platelet activation 
and antifibrinolytic tendency have been shown to follow. 
a diurnal rhythm and possibly relate to the peak time of 
onset of myocardial infarction and sudden death.' 
Platelet responses to activation include adhesion, aggre- 
gation and secretion. Platelet aggregability is deter- 
mined by evaluating in vitro responses to platelet aggre- 
gating agents.>* Increased plasma levels of platelet re- 
lease proteins @-thromboglobulin and platelet factor 4 
reflect platelet release reaction and are considered an 
index of in vivo platelet activation.5© This study was 
performed to investigate the relation of diurnal changes 
in in vitro platelet aggregation! to the simultaneous in 
vivo release of platelet release proteins. Furthermore, we 
investigated the diurnal changes in markers of activa- 
tion of coagulation, thrombin-antithrombin HI com- 
plexes and D-Dimers.”® 


METHODS 

Study group: The study group comprised 9 healthy 
subjects (4 men and 5 women, mean age 51 + 10: years) 
who had no known disease and had not received any 
medication within the preceding 2 weeks before the 
study. The protocol was approved by the human rights 
committee, and written informed consent was obtained 
from all patients. 

Study protocol: Patients were admitted to a private 
room, and venipunctures were performed with the pa- 
tient in a seated position at 3, 6 and 9 p.m. on day 1 of 
the study. Patients were ambulatory until 10 p.m, and 
slept at 11 P.M. On day 2, blood samples were obtained 
with the patient resting and in a supine position at 7 and 
8.4.M, Between 9 and 10 a.m. they walked down the hall- 
ways, climbed stairs and used a stationary exercise bicy- 
cle, and remained active for the remainder of the day. 
Blood samples were obtained in a seated position at 10 
AM. 12 noon and 3 pM. 

Blood sample collection: Precautions were taken to 
minimize the potential for activation. of platelets. and 
clotting during blood sampling. A separate venipuncture 
was performed at each time point. An initial 3 ml blood 
sample was discarded. The next 27 ml of blood were 
collected in a plastic syringe containing 3 ml of 1.24 M 
sodium citrate and 1.36 M glucose (pH 6.5) for platelet 
aggregation studies. The next 9 ml of blood were col- 
lected in a plastic tube containing sodium citrate, 
theophylline, adenosine and dipyridamole (Diatube-H, 
American Bioproducts, Parsippany, New Jersey), and 
placed on crushed ice. The next 9 ml of blood were col- 


Crs variation. of factors that increase. the 


CIRCADIAN CHANGES IN PLATELET FUNCTION 951 


: lected i ina aen tube coñtäining 1 mg of 2.8% sodim 

-citrate solution, and also placed in ice. These blood 
specimens were centrifuged at 4°C at 2,000 g for 30 
minutes, and plasma samples were frozen at —70°C for 
batch analysis. The upper third of the plasma was sepa- 
rated from the first tube for analysis of platelet factor 4 
and 6-thromboglobulin. D-Dimer and thrombin-anti- 
thrombin HI complexes were assayed using the citrated 

a paa. 

Platelet aggregation studies: Platelet-rich plasma 
was roaro by centrifuging the anticoagulated blood 
at 150g for 15 minutes. Blood samples were centri- 
fuged at 3,330°g for 10 minutes to obtain platelet- 
poor plasma. After counting the platelets with the Coul- 
ter Counter (Model 2BI, Coulter Electronics, HighCal, 
Florida), the platelet-rich plasma was diluted with 
platelet-poor plasma to 200,000 platelets/mm?. Plate- 
let aggregation was monitored photometrically (Moni- 
tor IV Aggregometer, Helena Laboratories, Beaumont, 
Texas)!?; platelet-rich and platelet-poor plasma absorp- 
tions were used to calibrate the 0 and 100% aggregation 
responses, respectively, of the instrument. To test plate- 
let thresholds, 450 aliquots of platelet-rich plasma were 
heated at 37°C, and mixed at 1,000 rpm for 2 minutes 
with adenosine diphosphate (ADP) (Chronolog Corp., 
Havertown, Pennsylvania) or epinephrine (Parke-Davis, 
Morris Plains, New Jersey). The minimum concentra- 
tion needed to produce an irreversible, biphasic increase 
in light transmission was considered the threshold value. 
To find. the threshold, 6 concentrations of epinephrine 


` © (0.2 to 50 uM) and ADP (0.5 to 15 uM) were used in 


order of increasing concentration. The tracings obtained 
were then analyzed, and the lowest concentration of the 
aggregating agent to produce biphasic aggregation was 
evaluated as the index of platelet aggregability. 
Platelet factor 4, 8-thromboglobulin and D-Dimer: 

For assays of platelet factor 4, 6-thromboglobulin and 
D-Dimer,. enzyme-linked immunosorbent assays were 
used (Asserachrom, American Bioproducts).4? The 
plasma samples were placed on microwell titer plates 
that were precoated with specific antibodies of the 3 


proteins. An antiplatelet factor, anti-6- chromboglobulin 
or anti-D-Dimer peroxidase conjugate was added to 
form a sandwich. The color change was read on a mi- 
croplate reader (Bio-Tek Instruments, Model El-305, 
Vincoski, Vermont) at 492 nm. Calibration curves were 
then constructed by standard solutions provided with 
the kit. 

Thrombin—antithrombin IHl complexes: Throm- 
bin-antithrombin III complexes in plasmas were affixed 
to antibodies to thrombin, which were precoated on the 
inner wall of a plastic tube of the enzymgnost kit (Beh- 
ringwerke Marburg, Germany).’ Peroxidase conjugated 
antibodies to antithrombin TH were then added, which 
bind to the available free antithrombin III determi- 
nants. After removal of the free conjugate, the bound 
enzyme activity was measured by adding hydrogen per- 
oxide and orthophenylenediamine. The color intensity 
was again read at 492 nm on the microplate reader. A 
reference curve was also obtained using a thrombin-an- 
tithrombin HI complex. standard plasma provided with 
the kit. 

Statistical analysis: Data in the figures are present- 
ed as mean + standard error. To assess whether overall 
differences were present, analysis of variance with re- 
peated measures was performed. Log transformations 
were performed for some of the variables to adjust for 
unequal variances among the time paints. Testing for all 
variables was performed at the 0.05 level. Pairwise com- 
parisons were performed to compare differences for in- 
dividual time points when overall significant variation or 
trends were detected during the 24-hour observation pe- 
riod. Pairwise testing was performed at the 0.01 level 
(instead of 0:05) to adjust for multiple comparisons. 


RESULTS 

Platelet function studies: Circadian changes in plas- 
ma levels of platelet release proteins, 8-thromboglobulin 
and platelet factor 4 are summarized in Figure 1. Beta- 
thromboglobulin levels were highest at 3 p.m. on both 
days 1 (134 + 32 IU/ml) and 2 (147 29 IU/ml) of 
the study. Beta-thromboglobulin levels were lowest at 7 
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FIGURE 1. Circadian changes in plasma 
levels of platelet release proteins, platelet 
factor 4 (PF 4) and 6-thrombogiobulin 
(BTG). Circadian changes of in vitro plate- 
let aggregation were associated with in 
vivo release of platelet factor 4 and f- 
thromboglobuiin. 
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aM. (43 + 10 IU/ml) and 8 pm. (31 + 3.6 IU/ml) 
_ when: patients were resting and in a supine position. 
_ Platelet factor 4 levels also increased with activity and 
k peaked at 3 pm. on both days 1 (34 + 10 IU/ml) and 2 
< (28 + 7.3 IU/ml). Platelet factor 4 levels were again 
lowest at 7 a.m. (5.0 + 2.0 IU/ml) and 8 a.m. (3.0 + 1.0 
- IU/ml). Circadian variation was detected for 8-throm- 
boglobulin (p <0.05) and reached borderline signifi- 
cance for platelet factor 4 (p <0.06). Furthermore, 
_ there were significant differences in §-thromboglobulin 
and platelet factor 4 levels obtained at 7 and 8 aM. 
-when compared with those at 3 p.m. (p <0.01) on both 
days 1 and 2 of the study. 
In vitro platelet aggregation responses to ADP 
_ (p= 0.20) and epinephrine (p = 0.16) are summarized 
in Figure 2. There were trends in circadian changes in 
‘in vitro aggregation response to epinephrine, with plate- 
- let aggregability being lowest at 7 and 8 a.M., and bigh- 
_ est in the afternoon. These findings demonstrate platelet 
-activation to have a circadian pattern with simultaneous 


“FIGURE 2. Circadian changes in threshold A 
< concentra of adenosine sph ` = 
ar 
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| 8AM; increased with activity and peaked 
at3Pm. 


trends of increase in both in vitro platelet aggregability 
in response to epinephrine and in vivo release of 6- 
thromboglobulin and platelet factor 4 occurring at the 
same time of the day. 

Markers of coagulation: An absence of circa- 
dian variation of thrombin-antithrombin IIT complexes 
(p = 0.36) and D-Dimer {p = 0.44) is displayed in Fig- 
ure 3. An apparent increase in thrombin-antithrombin 
III complexes at 10 a.m. was due to abnormally elevated 
levels in 1 patient. Thus, in contrast to platelet function, 
circadian changes in activation of the coagulation sys- 
tem were not present in our study group. 


DISCUSSION 

The results indicate that platelet activation was low- 
est when patients were resting in a- supine position and 
that it increased with activity. Changes in in vivo release 
of 8-thromboglobulin and platelet factor 4, were accom- 
panied by similar trends in in vitro response to. platelet 
aggregating agent epinephrine. Circadian changes in 
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"FIGURE 3, Absence of circadian changes 2 
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activation of coagulation (as detected by plasma levels 
of thrombin-antithrombin HT complexes or D-Dimers) 
were not demonstrated. 

A circadian variation of cardiac ischemic events has 
been documented for silent myocardial ischemia,'® angi- 
na pectoris,'! myocardial infarction!? and sudden cardi- 
ac death.'3 A primary morning peak has been reported 
and a lesser prominent evening peak. Several physiolog- 
ic changes eccur with activity, which can trigger rup- 
ture of an atherosclerotic plaque, and production of cor- 
onary thrombosis. These changes include increases in 
serum catecholamines,'4 heart rate and blood pres- 
sure.!5 Clinical evidence that platelet activation may be 
an important trigger mechanism for coronary throm- 
bosis comes from analysis of the Physician’s Health 
Study.'° Patients receiving aspirin had a 59.3% reduc- 
tion in the incidence of myocardial infarction during 
morning hours compared with 34.1% during the re- 
maining hours of the day. 

Circadian variation of activation of platelet and co- 
agulation has been investigated as a contributing trigger 
mechanism. In an earlier study, Tofler et al! showed a 
morning increase in in vitro platelet aggregability. In 
their subsequent study, platelet aggregability was shown 
to relate not particularly to the time of the day, but 
to assumption of an upright posture and to activity.? 
Results from our study confirm these latter observa- 
tions, as platelet activation was related to activity with 
changes noted to increase in the morning hours after 
standing, and peaking at 3 p.m. However, other studies 
described in vitro and in vivo platelet aggregability to 
peak in the morning hours.!™!8 A consistent finding in 
all studies was that platelet activation is lowest when 
patients were resting. Differences occurred in the detec- 
tion of peak platelet activation. In our study, a delayed 
peak may represent the gradual increase of platelet acti- 
vation over the course of the day with continued activi- 
ty. Alternatively, a bimodal peak in platelet activation 
could also exist as reported for cardiac events with 
morning and afternoon peaks in events.!9 

The absence of fibrinolytic tendency in the early 
morning hours is considered to be another potential con- 
tributing factor for the reported higher morning inci- 
dence. of thrombotic cardiovascular events, as measured 
by tissue plasminogen activator and its inhibitor after a 
circadian rhythm.?°-2? We did not detect thrombin acti- 
vation as fibrinolysis after a diurnal rhythm. It is possi- 
ble that the ability to lyse a thrombus is reduced in the 
morning hours, but thrombin activation or fibrinolysis 
does not have diurnal variability in healthy subjects. 

In. conclusion, investigations to elucidate triggers 
for coronary thrombosis are important to understand 
mechanisms precipitating rupture of an atherosclerotic 


954 





plaque. This study confirms circadian variation of plate. 


let activation. 
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antagonists, may occasionally precipitate significant hypotension and, rarely, syncope. It may lead to reflex 
tachycardia, which in susceptible individuals may precipitate angina pectoris. (See ADVERSE REACTIONS.) 


Although acute hemodynamic studies in a small number of patients with NYHA Class II or III heart failure treated 
with felodipine have not demonstrated negative inotropic effects, safety in patients with heart failure has not 
been established. Caution, therefore, should be exercised when using PLENDIL in patients with heart failure or 
compromised ventricular function, particularly in combination with a beta blocker. 


Please see the Brief Summary of Prescribing Information on the next page of this advertisement. 
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PLENDIL focuses more activity on vascular smooth muscle 
than cardiac muscle, reducing blood pressure principally 

as a consequence of a dose-related decrease of peripheral 
vascular resistance in man with a modest reflex increase 


in heart rate. 





CONTRAINDICATIONS: PLENDIL is contraindicated in patients 
who are hypersensitive to this product 


PRECAUTIONS: General: Hypotension: Felodipine like other 
calcium antagonists, may cocas Ona pe significant hypo- 
tension and rarely syncope. It may leac to reflex tachycardia which 
in susceptible individuals may precipitate angina pectoris. (See 
ADVERSE REACTIONS.) 


Heart Failure: Although acute hemodynamic studies in a small 
number of patients with NYHA Class I! cr |I| heart failure treated with 
felodipine have not demonstrated negetive inotropic effects, safety 
in patients with heart failure has not een established. Caution 
therefore should be exercised when using PLENDIL in patients with 
heart failure or compromised ventricular function, particularly in 
combination with a beta blocker. 


Patients or Patients with Liver Function: Patients 
over 65 years of age or patients with impaired liver function may have 
elevated plasma concentrations of felodipine and may therefore 
ba gooey lower doses of rg ec bs patients shouid hae 

pressure monitored closely during dosage adjustment 
PLENDIL and should rarely require doses above 10 ig: isos CLIN- 
ICAL PHARMACOLOGY and DOSAGE AND ADMINISTRATION.) 


Peripheral Edema: Peripheral edema generally mild end not as- 
sociated with generalized fluid retentior. was the most common ad- 
verse event in the clinical trials. The incidence of peripheral edema 
was both dose- and age-dependent. Frequency of peripheral 
edema ranged from about 10 percent in patients under 50 years of 
age taking 5 mg daily to about 30 percent in those over 60 years of 
age taking 20 mg daily. This adverse effect generally occurs within 
2-3 weeks of the initiation of treatment. 


Information for Patients: Patients should be instructed to take 
PLENDIL whole and notto crush or chewthe tablets. They should be 
told that mild gingival hyperplasia (gum swelling) has been re- 
ported. Good dental hygiene decreases its incidence and severity. 


NOTE: As with many other drugs, certain advice to patients being 
treated with PLENDIL is warranted. This information is intended to 
aid in the safe and effective use of this medication. It is not a disclo- 
sure of all possible adverse or intended effects. 


Drug Interactions: Beta-Blocking Agents: A pharmacckinetic 
study of felodipine in conjunction with metoprolol demonstrated no 
significant effects on the pharmacokinetics of felodipine. The AUC 
anc Cm of metoprolol, however, were increased approximately 31 
anc 38 percent, respectively. In controlled clinical trials, however, 
beta-blockers including metoprolol were concurrently adminis- 
tered with telodipine and were well tolerated. 

Cimetidine: In healthy subjects pharmacokinetic studies snowed 
an approximately 50 percent increase in the area under the plasma 
concentration time curve (AUC) as well as the Cow of felodipine 
when given concomitantly with cimetidine. It is anticipated that a 
clinically significant interaction may occur in some hypertensive pa- 
tients. Therefore, it is recommended that low doses of PLENDIL be 
used when given concomitantly with cimetidine. 

Digoxin: When given concomitantly with felodipine the peak 
plasma concentration of digoxin was significantly increased There 
was, however, no significant change in the AUC of digoxin 

Other Concomitant Therapy: |n healthy subjects there were no 
Clinically significant interactions when felodipine was given con- 
comitantly with indomethacin or spironciactone 


Interaction with Food: See CLINICAL PHARMACOLOGY Phar- 
macokinetics and Metabolism 


enesis, Mutagenesis, Impairment of Fertility: In a two- 
year carcinogenicity study in rats fed felodipine at doses of 77, 23.1 
or 69.3mg/kg/day (up to 28 times* the maximum recommenced hu- 
man dose on a mg/m? basis), a dose-related increase in the inci- 
dence of benign interstitial cell tumors of the testes (Leycig cell 
tumors) was observed in treated male rats. These tumors were not 
observed in a similar study in mice at doses up to 138.6 mg/kg/day 
(28° times the maximum recommended human dose on a mg/m? 
basis). Felodipine, at the doses employed in the two-year rat study, 
has been shown to lower testicular testosterone and to produce a 
corresponding increase in serum luteinizing hormone in rats. The 
Leydig cell tumor development is possibly secondary to these hor- 
monal effects which have not been observed in man 
In this same rat study a dose-related increase in the incidence 
of focal squamous cell hyperplasia compared to control was ob- 
served in the esophageal groove of male and female rats in all dose 
groups. No other drug-related esophageal or gastric pathology was 
observed inthe rats or with chronic administration in mice anc dogs. 
The latter species, like man, has no anatomical structure compar- 
able to the esophageal groove. d 
Felodipine was not carcinogenic wnen fed to mice at doses of 
up to 138.6 mg/kg/day (28 times* the maximum recommended hu- 
man dose on a mg/m basis) for periods of up to 80 weeks in males 
and 99 weeks in females. 
Felodipine did not display any mutagenic activity in vitro in the 
Ames microbial enicity test or in the mouse lymphoma tor- 
ward mutation assay. No clastogenic patential was seen in vivo in 
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the mouse micronucleus test at oral dosas up to 2500 mg/kg (506 
times* the maximum recommended human dose on a mg/m’ basis) 
or in vitro in a human lymphocyte chromesome aberration assay. 

A fertility study in which male and temale rats were adminis- 
tered doses of 3.8, 9.6 or 26.9 mg/kg/day showed no significant ef- 
tect of felodipine on reproductive performance 


Pregnancy: Pregnancy C: Teratogenic Effects: Studies in 
pregnant rabbits administered doses of 046, 1.2, 2.3 and 4.6 mg/kg/ 
day (from 0.4 to 4 times* the maximum recommended human dose on 
a mg/m? basis) showed digital anomalies consisting of reduction in 
size and degree of ossificationof the terminal phalanges in the fetuses. 
The frequency and severity of the changes appeared dose-related 
and were noted even at the lowest dose. These changes have been 
shown to occur with other members of the dinydropyndine class and 
are possibly a result of compromised uteane blood flow. Similar fetal 
anomalies were not observed in rats givemfelodipine. 

In a teratology study in cynomolgus monkeys no reduction in 
the size of the terminal phalanges was cbserved but an abnormal 
posing cfthe distal phalanges was noted in about 40 percent of the 
fetuses. 


Nonteratogenic Effects: A prolongation of parturition with difficult 
labor and an increased frequency of letal and early postnatal 
deaths were observed in rats administered doses of 9.6 mg/kg/day 
(4 times® the maximum human dose on mg/m? basis) and above. 

Significant enlargement of the mammary glands in excess of 
the normal enlargement for pregnant rabbits was found with doses 
greater than or equal to 1.2 ragikg/day (equal to the maximum hu- 
man dose on a mg/m? basis). This effect occurred only in pregnant 
rabbits and regressed during lactation. Similar changes in the 
mammary glands were not observed in rats or monkeys. 

There are no adequate and well-controlled studies in pregnant 
women. If felodipine is used during pregnancy., or if the patient be- 
comes pregnant while taking this drug, she should be apprised of 
the potential hazard to the fetus, possible digital anomalies of the 
intant, and the potential effects of felodipine on labor and delivery, 
and on the mammary glands of pregnant females 


Nursing Mothers: It is not known whether this drug is secreted in 
human milk and because of tne potentia! for serious adverse reac- 
tions from felodipine in the infant, a decision should be made 
whether to discontinue nursing or to discontinue the drug, taking 
into account the importance of the drug to the mother. 


Pediatric Use: Safety and effectivenessin children have not been 
established 


ADVERSE REACTIONS: In controlled studies in the United States 
and overseas approximately 3000 patients were treated with felodi- 
pine as either the extended-telease or the immediate-release for- 
mulation 

The most common clinical adverse experiences reported with 
PLENDIL® (Felodipine, MSD) administered as monotherapy in all 
settings and with all dosage forms of felodipine were peripheral 
edema and headache. Peripheral edema was generally mild, but it 
was age- and dose-related and resulted in discontinuation of ther- 
apy in about 4 percent of the enrolled patients, Discontinuation of 
therapy due to any clinical adverse expemence occurred in about 9 
percento’ the patients receiving PLENDIL, principally for peripheral 
edema, headache, or flushing 

Adverse experiences that occurred with an incidence of 1.5 
percent or greater during monotherapy with PLENDIL without re- 
gard to causality are compared to placebo in the table below 


Percent of Patients with Adverse Effects in Controlled Trials 
of PLENDIL as Monotherapy (Incidence of discontinuations 
shown in parentheses) 


PLENDIL% Placebo% 


Adverse Effect N=730 N=283 
Peripheral Edema 22.3 (4.2) 3.5 
Headache 166 (2.1) 10.6 
Flushing &4 (1.0) 11 
Dizziness 58 (0.8) 3.2 
Upper Respiratory Infection 55 (0.1) 1.1 
Asthenia 47 (01) 28 
Cough 29 (0.0) 04 
Paresthesia 25 1o 1) 1.8 
Dyspepsia 23 (0.0) 14 
est Pain 21 (01) 14 
Nausea 19 oF 1 
Muscle Cramps 19 (007 11 
Palpitation 78 (0. 3} 25 
Abdominal Pain 18 (03 6] 
Constipation 76 ne 11 
Diarrhea t6 (01 11 
Pharyngitis 16 0 04 
Rhinorrhea t6 (0.0) 0.0 
Back Pain 16 w 0) 1.1 
Rash t5 (0.1) 11 





“Based on patient weight of 50 kg 


In thetwo dose resoonse studies using PLENDIL® (Felodipine, MSD) 
as monotherapy. the following table describes the incidence 
(percent) of adverse experiences that were dose-related 


Placebo 5.0 10.0 mg 20m 
Adverse Effect N=121 N= N=1 N z 
Peripheral Edema 25 13.9 19.5 36.0 
Palpitation 0.8 0.0 2.4 12.0 
Headache 12.4 111 18.7 28.0 
Flushing 0.0 28 8.1 20.0 


In addition, adverse experiences that occurred in 0.5 up to 1.5 per- 
cent of patients who received PLENDIL in all controlled clinica! stud- 
ies (listed in order of decreasing severity within each category) and 
serious adverse events that occurred at a lower rate or were found 
during marketing experience (those lower rate events are in italics) 
were: Body as a Whole: Facial edema, warm sensation, Cardiovas- 
cular: Tachycardie, myocaraial infarction, hypotension, syncope, 
angina pectoris, arrhythmia; Digestive: Vomiting, dry mouth, flatu- 
lence; Hematologic; Anemia; Musculoskeletal: Arthralgia, arm 
pain, knee pain, leg pain, foot pain, hip pain, myalgia; Nervous/Psy- 
chiatric: Depression, anxiety disorders, insomnia, irritability, ner- 
vousness, somnolence: Respiratory: Bronchitis, influenza, 
sinusitis, dyspnea. epistaxis, respiratory infection, sneezing; Skin 
Contusion, erythema. urticana; Urogenital’ Decreased libido, im- 
potence, urinary frequency, urinary urgency, dysuria 

Felodipine. as an immediate release formulation, has also been 
studied as monotherapy in 680 patients with hypertension in U.S 
and overseas cortrolled clinical studies. Other adverse experi- 
ences not listed above and with an incidence of 0.5 percent or 
greater include: Body as a Whole: Fatigue, Digestive: Gastrointesti- 
nal pain; Musculoskeletal: Arthritis, local weakness. neck pain, 
shoulder pain, ankle pain; Nervous/Psychiatric: Tremor, Respira- 
tory: Rhinitis; Skin: Hyperhidrosis, pruritus; Special Senses’ Blurred 
vision, tinnitus; Uragenital. Nocturia 


Gingival Hyperplesia: Gingival hyperplasia, usually mild, occurred 
in <0.5 percent of patients in controlled studies. This condition may 
be avoided or may regress with improved dental hygiene. (See 
PRECAUTIONS, Information for Patients.) 


Clinical Laboratory Test Findings: Serum Electrolytes: No sig- 
nificant effects on serum electrolytes were observed during short- 
and long-term therapy (see CLINICAL PHARMACOLOGY. Renal! 
Endocrine Effects). 


Serum Glucose: No significant effects on fasting serum glucose 
were observed in oatients treated with PLENDIL in the U.S con- 
trolled study, 


Liver Enzymes: One of two episodes of elevated serum trans- 
aminases decreased once drug was discontinued in clinical stud- 
ies: no follow-up was available for the other patient, 


OVERDOSAGE: Oral doses of 240 mg/kg and 264 mg/kg in male 
and female mice, raspectively, and 2390 mg/kg and 2250 mg/kg in 
male and female rets, respectively. caused significant lethality. 

In a suicide attempt. one patient took 150 mg felodipine to- 
gether with 15 tablets each of atenolo! and spironolactone and 20 
tablets of nitrazepam. The patient's blood pressure and heart rate 
were normal on admission to hospital, he subsequently recovered 
without significant sequelae. 

Overdosage might be expected to cause excessive peripheral 
vasodilation with marked hypotension and possibly bradycardia 

If severe hypctension occurs, symptomatic treatment should 
be instituted. The patient should be placed supine with the legs ele- 
vated. The administration of intravenous fluids may be useful totreat 
hypotension due tooverdosage with calcium antagonists. Iņ case of 
accompanying bradycardia, atropine (0.5-1 mg) should be admin- 
istered intravenously, Sympatnomimetic drugs may also be given if 
the physician feels they are warranted 

Ithas not beerestablished whether felodipine can be removed 
from the circulation by hemodialysis 


DOSAGE AND ADMINISTRATION; The recommended initial dose 
is 5mg once a day. Therapy should be adjusted individually accord- 
ing to patient response, generally at intervals of not less than two 
weeks, The usual dosage range is 5-10 mg once a The maxi- 
mum recommended daily dose is 20 mg once a day. That dose in 
Clinical trials showed an increased blood pressure response but a 
large increase in the rate of peripheral edema and other vasodila- 
tory adverse events (see ADVERSE REACTIONS). Modification of 
the recommended dosage is usually not required in patients with 
renal impairment. 

PLENDIL should be swallowed whole and not crushed or 
chewed 


Use in the Elderly or Patients with Impaired Liver Function: Pa- 
tients over 65 years of age or patients with impaired liver function. 
because they may develop higher plasma concentrations of felodi- 
pine, should have their blood pressure monitored closely during 
dosage adjustment (see PRECAUTIONS). In general, doses above 
10 mg should not be considered in these patients. 








For more detailed information, consult your MSD 
Representative or see complete Prescribing Information. 


Merck Sharp & Dohme, Division of Merck & Co., Inc., 
West Point, PA 19486. 


Copyright © 1992 by MERCK & CO., Inc. JOPLO2R(202) 








- Outcome and Complications of Prolonged 
Intraaortic Balloon Counterpulsation in 
Cardiac Patients 


Jason M. Lazar, MD, Galal M. Ziady, MD, Stephen J. Dummer, MD, 
Mark Thompson, MD, and Robert J. Ruffner, MD 





e The risks and benefits of ohni intraaortic 
balloon support for the management of refractory 

< congestive heart failure and ischemia were studied 

- in patients with end-stage heart disease who need- 
ed support for >5 days. Fifty-two insertions were 

| performed by the percutaneous femoral route in 
49 patients. The duration of insertion ranged from 
-5 to 46 days (mean 11.3). Clinical outcome includ- 

_ ing hemodynamic parameters and complications 

:: were recorded. Mean systemic arterial pressure 

< did not change with balloon insertion (74 + 19 vs 

= 76+ 11 mm Hg; p = not significant). Both the 

mean pulmonary artery and pulmonary arterial 

. wedge pressures decreased (33 + 8 to 26 + 9 mm 

-Hg [p <0.01], and 25 + 8 to 17 + 6 mm Hg [p 

J]; respectively). Over time, both. parameters 

to increase, but remained significantly less 

e before insertion. Cardiac index in- 

from 1.6 + 0.4 to 2.2 + 0.5 liters/min/m? 

ion and continued to increase to 2.7 + 

iters/min/m? (p <0.01) before removal. Defi- 

- nite balloon catheter infection developed i in 7 pa- 

` tients, and hemorrhage occurred i in an additional 

`- 7. Eleven patients had vascular compromise, with 








: loss of pulse in 6, thrombosis of the femoral artery. 










and pseudoaneurysm i in 2. Lacerated femoral 
-artery occurred in 1 patient, and mesenteric ar- 

o tery thrombosis in another. Twenty patients died 
-from progressive heart failure and multiorgan sys- 
ter lure, and 19 survived to receive left ventric- 
sist device and heart transplantation. Only 
0 patients were weaned off the balloon. In con- 
lusion, prolonged intraaortic balloon pump sup- 
port may be successfully used i in end-stage heart 
a disease. 

n (Am3 Cardiol 1992;69:955-958) 
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patients with cardiogenic shock and low-cardiac 

output syndrome. Circulatory support with bal- 
loon counterpulsation is most often used as a tempo- 
rary therapy in settings of acute myocardial infarction, 
perioperative cardiac surgery and coronary angioplas- 
ty.'234 However, as the management of multiorgan 
system failure has improved, and clinical experience 
with the intraaortic balloon pump has increased, a num- 
ber of patients are being mechanically supported for 
prolonged periods of time. Because the literature con- 
tains little data as to the efficacy of balloon assist for 
>4 days, we investigated the value.and limitations of 
intraaortic balloon counterpulsation for 25 days in a 
group of patients with end-stage heart disease. 


METHODS 

We conducted a retrospective coher! analysis of in- 
traaortic balloon insertions in patients admitted to the 
University of Pittsburgh Medical Center from 1987 to 
1989, Patients included in the study needed the intra- 
aortic balloon for =5 days. Most patients were referred 
for management of refractory congestive heart failure, 
and evaluation for heart transplantation candidacy. Fif- 
ty-two intraaortic balloon catheters were inserted in 49 
patients using the percutaneous femoral artery tech- 


Te intraaortic balloon has long been used to treat 


nique. All insertions were performed in the. operating 


room, coronary care unit or cardiac catheterization lab- 
oratory. All patients were maintained on inotropic sup- 
port. In each patient, arterial oxygen saturation (as 
measured by pulse oximetry) was maintained at >95%. 
All patients received intravenous heparin (800 to 1,200 
U/hour) to maintain a partial thromboplastin genera- 
tion time between 50 and 70 seconds. The clinical out- 
come of each patient was recorded. Patients who. sur- 
vived had either received heart transplantation or place- 
ment of a left ventricular assist device, or were suc- 
cessfully weaned from the pump. To evaluate whether 
hemodynamic benefit would be sustained over time, 
mean pulmonary artery. pressure, pulmonary artery 
wedge pressure,’arterial blood pressure, and cardiac in- 
dex were measured using a floating pulmonary artery 
catheter. Measurements were recorded immediately be- 
fore and after insertion, and again’before removal. 
Mean arterial blood pressure was obtained, by either di- 
rect intraarterial measurement:or sphygniomanometry. 
Hemodynamic variables. were evaluated. by a repeated 
measures design in consecutive patients. All complica- 


tions related to use of the balloon pump were logged. ~_, EE 





RETROSPECTIVE STUDY OF 49 PATIENTS: 955 


Before Immediately Before p 
insertion After Removal Valus | 
| Mean arterial 744 19 74+ 14 7611 NS 
pressure (mm Hg) 
| Mean pulmonary artery 33 + 8 2629 3028 0,01 
pressure (mm Hg) 
|. Pulmonary arterial 2548 17 +6 2i+7 Gol 
|” wedge pressure 
(mm Hg) 
Cardiac index 16404 22+05 2.7205 0001 
iL/min/m®) 








TABLE i Hemodynamic Measurements Recorded from 
| Patients in the Study 











All measurements are mean + | SD. 
NS = not significant. 
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TABLE fi List of Complications 


Complication 





Fy 


No. of Pts. 





infection 13 (27%) 
Definite infection T 
Probable infection 4 
Local site infection 2 

Hemorrhage 7 

Vascular 11 

i Loss of pulse 6 

| 1 

2 
1 
1 
2 





Femoral artery thrombosis 
Pseudoaneurysm 

Lacerated femoral artery 
Meserteric artery thrombosis 


Rupture of balloon (4%) 
RE ar 


Definite balloon pump infection was defined clinical- 
ly after balloon catheter removal if the same organism 
was isolated by blood culture and culture of the balloon 
catheter tip. An infection was considered probable when 
culture of the balloon catheter was negative, and blood 
cultures were positive, indicating bacteremia without an 
identifiable source. Local site infection was defined as 
drainage of the insertion site with positive culture. 
Hemorrhages were recorded if they resulted in the need 
for blood transfusion. All vascular complications were 
recorded as they appeared in the chart. 


RESULTS 

Patient characteristics: There were 49 patients (37 
men and 12 women, age range 18 to 76 years, mean 54) 
needing balloon support for 25 days. Diagnostic catego- 
ries included 30 patients with ischemic cardiomyopathy, 
10 with idiopathic dilated cardiomyopathy, 1 with myo- 
carditis, 4 with cardiogenic shock after surgery, and 4 
others including 1 postpartum cardiomyopathy, 1 hemo- 
chromatosis, | Marfan’s syndrome and 1 with presumed 
cardiomyopathy 5 years after orthotopic heart trans- 
plantation. Statistical analysis was performed using re- 
peated measurements design. 

Hemodynamics: Hemodynamic indexes (Table I) 
were measured immediately before and after insertion, 





l *“\and again before removal. Mean values are reported + 


a 





¿I standard deviation. Mean arterial pressure did not 
“change over the 3 time periods. Mean pulmonary artery 
and ‘pulmonary arterial wedge pressures initially de- 


s = pap from 33 + 8 to 26 + 9 mm Hg and from 25 + 





8 to 17 + 6- mm Hg, respectively, with insertion of the 
balloon pump. Although both parameters had increased 
during circulatory support to 30 + 8 and 21 + 7 mm 
Hg, respectively, they remained lower than before inser- 
tion (p <0.01). The initiation of counterpulsation re- 
sulted in an increase of cardiac index from 1.6 + 0.4 to 
2.2 + 0.5 liters/min/m?. Over time, the cardiac index 
continued to improve (2.2 + 0.5 to 2.7 + 0.5 liters/ 
min/m? [p = 0.001] before removal). 

Complications: The various complications related to 
use of the balloon pump are listed in Table II. Culture 
isolates of the 7 patients who met criteria for definite 
balloon infection included 2 coagulase positive staphylo- 
cocci, 2 coagulase negative staphylococci, 2 isolates of 
Pseudomonas aeruginosa, and 1 Klebsiella pneumonia. 
All definite infections occurred within 2 to 9 days 
(mean 5.4) of insertion of the balloon catheter. Two pa- 
tients were thought at the time of treatment to have 
clinical evidence of septic shock. Four patients had 
probable balloon catheter infection including 3 with co- 
agulase positive staphylococci, and 1 with both coagu- 
lase positive staphylococcus and enterococcus. Two ad- 
ditional patients exhibited local signs of infection. Hem- 
orrhage necessitating blood transfusion occurred in 7 
patients. Vascular compromise complicated the course 
of 11 patients. Six patients experienced loss of the distal 
pulse, needing reinsertion in the contralateral femoral 
artery; only 1 of these occurred >5 days after initiation 
of balloon support. One patient had a femoral artery 
thrombus, and another developed mesenteric artery oc- 
clusion (both documented by angiographic studies). 
Two patients had pseudoaneurysyms of the femoral ar- 
tery, and 1 sustained a lacerated femoral artery. These 
latter 4 patients needed emergent surgical repair. Two 
balloons ruptured and were immediately replaced with- 
out consequence. l 

Clinical outcome: Twenty-nine patients (60%) sur- 
vived, 10 were weaned off the pump, 8 received the as- 
sist device, and 11 underwent heart transplantation. 
Twenty patients (40%) died while on the pump. On the 
survival probability curve shown in Figure 1, the ordi- 
nate represents the percentage of patients alive on bal- 
loon counterpulsation at any one time who have not yet 
reached the favorable outcome of either heart. trans- 
plantation, weaning from the pump, or placement of an 
assist device. On the seventh day of counterpulsation, 
there was a 75% chance of a patient achieving a desir- 
able outcome, whereas at 17 days, this was still >50%. 
Similar on-pump mortality rates were observed in pa- 
tients, whether supported for longer or shorter than a 2- 
week period (Figure 2). 


DISCUSSION 

There are several earlier reports on the clinical out- 
come of patients maintained on intraaortic balloon as- 
sist. In a multicenter study, Scheidt et al? observed that 
no patient in cardiogenic shock maintained on balloon 
support for >48 hours survived to be discharged. Hage- 
meijer et alf described prolonged survival in 7 of 10 pa- 
tients with postinfarction heart failure mechanically 
supported for 210 days. Bolooki’ reported long-term 
survival in 10 of 23 patients supported for =8 days. In 
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_ our study, 60% of patients lived to achieve favorable 
outcome. Of the 20 patients who died, multiorgan sys- 
tem failure and progressive cardiac dysfunction were 
_ the leading causes of mortality with or without associ- 
ated infection. Although the probability of an individual 
dying while on the pump increased with the duration of 
balloon support, this probably reflected clinical deterio- 
-Tation rather than an adverse effect of long-term coun- 
< terpulsation. 
- Intraaortic balloon pump counterpulsation has been 
reported to both increase systemic cardiac index by 10 
-to 15% and decrease left ventricular filling pressures by 
30. to 40%.? In this study, insertion of the balloon pump 
resulted in a 34% increase in cardiac index, and a 32% 
decrease in mean pulmonary arterial wedge pressure. 
‘This marked improvement in hemodynamic profile may 
be related to a poor baseline level of ventricular function 
in the cohort. Over time, cardiac index continued to in- 
crease. These observations vary somewhat from those of 
other investigators who suggested that the hemodynam- 
“ic improvement of balloon support is attenuated in 2 to 
3 days.” 
Iskandrian et al!! also evaluated the effect of balloon 
“pump support on left ventricular function. An improve- 
ment in left ventricular ejection fraction (measured by 
radionuclide ventriculography) was demonstrated in pa- 
tients with unstable angina, but not in those with postin- 
farction heart failure. Alternatively, Weiss et al’? re- 
ported a significant increase in left ventricular ejection 
< fraction in all 15 patients with acute myocardial infarc- 
tion and cardiogenic shock. Ejection fraction was not 
ed to assess the effect of afterload reduction on left 
: tricular function in our study. However, cardiac 
- function (as inferred from augmented cardiac output 
and lowered filling pressures) improved in both ischemic 
and nonischemic patients. 
Most complications related to the intraaortic balloon 
pump were infectious and vascular. Seven patients met 
criteria for definite infection, and 4 others became bac- 
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FIGURE 1. Survival probability curve that shows survival 
analysis of all patients over longest period that balloon was 
: left in (46 days). 





teremic without an apparent alternative source. All defi- 
nite infections occurred by the ninth day of balloon sup- 
port. After 5 days, the risk of infection had not signifi- 
cantly increased. This finding, although differing with 
other reports describing the incidence of infection to be 
related to the duration of counterpulsation,'? suggests 
the occurrence of infection at the time of insertion rath- 
er than during the course of circulatory support. A high 
prevalence of gram negative pathogens were isolated on 
blood and catheter-tip culture. Therefore, empiric anti- 
biotic therapy for suspected pump infection needs broad 
spectrum antibiotic coverage. 

The vascular complication rate is similar to that of 
reports of shorter duration balloon pump support.'4-!6 
Women were not found to be at increased risk of vascu- 
lar occlusion, as previously suggested.'’.!® However, the 
small numbers of both female patients and vascular 
events limit the statistical power to detect such differ- 
ences. As with infection, there appeared. to be no rela- 
tion between duration of insertion and the risk of vascu- 
lar compromise. The retrospective design of this study 
poses some inherent limitations. The cohort was not 
compared with medically treated matched control sub- 
jects. Data collection remained highly dependent on 
documentation by a busy physician and nursing staff. 

Hemodynamic deterioration may complicate at- 
tempts at weaning, thereby denoting balloon dependen- 
cy.!? With improved management of multiorgan system 
failure, patients may be supported for prolonged periods 
of time. Some doctors routinely use prolonged balloon 
support for specific clinical cases, such as after cardiac 
surgery in patients with heart failure.!° Our data sug- 
gest that prolonged intraaortic balloon pump counter- 
pulsation may benefit patients with cardiac disease. Be- 
cause hemodynamic stability appears to be maintained 
during long-term circulatory assist, patients may be 
supported until heart transplantation or placement of 
assist device, or until sufficient time. has been allowed 
for myocardial recovery. Although infectious and vascu- 
lar complications related to use of the balloon pump oc- 
curred in the majority of patients, they appear to be 
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unrelated to the duration of insertion and have little i im- 


pact on overall mortality. 
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Evaluation of the Implantable Cardioverter 
Defibrillator in Survivors of Cardiac Arrest: 
The Need for Randomized Trials 


Stuart J. Connolly, MD, FRCPC, and Salim Yusuf, MB, MRCP, DPhil 


an important and unique new method of poten- 

tially preventing sudden death due to ventricular 
arrhythmia, and it is increasingly being used to treat 
survivors of cardiac arrest (not associated with acute 
myocardial infarction). Recently, the North American 
Society for Pacing and Electrophysiology! stated that 
the ICD is indicated for patients with sustained ventric- 
ular tachycardia and fibrillation, except those who be- 
come noninducible at electrophysiologic drug testing. 
However, the effectiveness of the ICD for reduction of 
both sudden death and overall mortality has not been 
conclusively demonstrated. Some commentators’ stat- 
ed that based on nonrandomized studies in survivors of 
“südden death, the effectiveness of the ICD is “obvious” 
and essentially proven, rendering a randomized trial un- 
ethical. It is reasonable to accept that a randomized tri- 
al is neither necessary, nor even perhaps ethical, when 
the benefits of a new treatment are of very great magni- 
tude, or when the outcome is uniformly poor with con- 


T= implantable cardioverter defibrillator (ICD) is 


a ventional therapy, and the benefits are moderate. How- 


ever, in other circumstances, nonrandomized compari- 
= sons can potentially be very misleading, and great 
caution is needed when adopting a new treatment in the 
absence of data from randomized trials. The question 
that needs to be answered is not whether the ICD can 
effectively terminate malignant arrhythmias that would 
otherwise be fatal, because this has been amply docu- 
mented by ambulatory electrocardiographic monitor- 
_ing.* The relevant clinical question is whether the ICD 
reduces overall mortality among survivors of cardiac ar- 
< rest (not associated with myocardial infarction) com- 


o _ pared with the best medical therapy. The answer to the 
“latter question is complex, because it must account for 


_ multiple issues including perioperative mortality, con- 
current competing risks of death from pump failure and 
acute ischemia, the potential risks and benefits of medi- 
cal therapy, and the possibility that the ICD may only 
change the mode of death (in some patients) from ar- 
rhythmic to nonarrhythmic. The only way to reliably 
answer this question currently is by means of a random- 
ized trial. 
Patients who are resuscitated from cardiac arrest 
have substantial degrees of left ventricular dysfunction 
and often have myocardial ischemia. In such patients 
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there are many potential causes of cardiac death, and 
there is a practical limit to the reduction in mortality 
that a purely antiarrhythmic treatment can achieve 
even if it is completely effective in controlling malig- 
nant tachyarrhythmia. Although cardiac arrest survi- 
vors have a high risk of recurrence of a potentially fatal 
arrhythmia, they are also at high risk of a nonarrhyth- 
mic death. In several follow-up studies of patients treat- 
ed medically for severe sustained ventricular tachycar- 
dia or recent cardiac arrest, 20 to 68% of all deaths 
were sudden.?”-!4 This suggests that even complete aboli- 
tion of sudden death by the ICD would probably not 
reduce overall mortality by >50%. However, it is likely 
that not all sudden deaths are due to a tachyarrhyth- 
mia. Luu et al!> showed that in patients with poor ven- 
tricular function, a high proportion of sudden death is 
due to asystole. Even in cases of ventricular tachycardia 
or fibrillation, the ICD may not be successful in patients 
with extensive ischemia. Davies and Thomas'® reported 
a very high occurrence (74%) of intraluminal and in- 
traintimal thrombosis due to plaque-fissuring in patients 
dying suddenly with ischemic heart disease. These data 
suggest the possibility that some episodes of ventricular 
fibrillation are subsequent to myocardial ischemia or in- 
farction, or both. These considerations suggest that the 
rate of salvage by ICD is likely to be partial, and this 
makes the possibility of complete abolition of sudden 
death by any purely antiarrhythmic approach unlikely. 
The perioperative mortality of 1.5 to 9.6%78!?'”? for 
implantation of the ICD will also reduce some of the 
overall benefit of ICD. Given that sudden deaths are 
likely to account for less than half of all deaths in these 
patients and that the rate of salvage of sudden death by 
ICD will only be partial, it is unlikely that the reduction 
in overall mortality by ICD will be >33%. This is cer- 
tainly more modest than the 80 to 90% reduction that 
was originally suggested by uncontrolled studies. Bene- 
fits of approximately a one third reduction in mortality 
cannot be reliably detected or excluded by observational 
studies owing to the inherent biologic variability in mor- 
tality rates, and to differences in patient characteristics 
and cotherapy. Such benefits can only be confirmed or 
rejected by a randomized trial. 

Previous studies: There are several types and 
sources of evidence currently available for evaluation of 
the efficacy of the ICD in survivors of cardiac arrest 
(not associated with acute myocardial infarction) (Ta- 
ble I). Relatively weak evidence derives from follow-up 
studies!4J820 without a comparative group. These can 
be compared with other follow-up studies of relatively 
similar patients receiving different treatments, but the 
potential for bias is great. For example, Winkle et al?° 
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TABLE! Overview of Studies Evaluating the Efficacy of the implantable Cardioverter Defibrillator on Survival: Different Approaches'and | 
Their Limitations (modified from reference 29) i oe PETET o ee 








Type of Study 





Results.: 


-3o timitations 





1; Comparison of series with ICD versus sepa- 
rate series of historical control subjects from 
same or another center 


Claims for reduced sudden death. However, 
lower norisudden death with ICD is apparent 
in some series, suggesting biases in patient 


1. Marked differences in patient selection, con- 
comitant therapy and CABG surgery 
2. Biases due to differences in time from cardiac 











selection29 


2. Comparison of actual with “projected” sudden 
death rates based on number of “appropriate” 
shocks 


3. Comparison with historical matched control 
subjects within same institution 


4. Comparison of concurrent, unmatched, non- 
randomized groups receiving and not receiving 
iCD 

§, Concurrent matched control subjects No study 

‘| 6. Concurrent randomized contro! subjects 


on sudden death!? 
No study 





7. Concurrent randomized control subjects, use 
of devices that can record rhythm at same 
time of ICD discharge 


Claims for reduced sudden death?.’.22.23 


Reduced sudden death, but increase in deaths 
due to heart failure. Difference in mortality 
only apparent for approximately 2 years!S 


Reduced sudden death in 2 studies. No effect on 
overall mortality in 3 studies?!.25,.27 


Preliminary results of aa ongoing. study shows no 
benefit on tetal mortality, but apparent effect 


arrest to entry into study (é.g., may be longer 
in studies of ICD, so highest risk patients may ; 
have died before entry) 

1. Validity of ascertaining “appropriate” shock 
dubious 

2. Large number of shocks may be inappropriate 

3. Reversible episodes of VT or fast AF may be 
shocked 

1. No assurance that all prognostic features 
matched ; 

2. NO. assurance that all other treatments similar 

3. Biases due to differences in time from cardiac 
arrest to entry into study 

Same as for type 3 studies, except differences in 
cotherapy lass likely 


No guarantee- that selection or referral biases can 
be avoided 

Primary end point should be cardiac or total mor- 
tality to avoid classification biases 


Same as above 





AF = atrial fibrillation; CABG = coronary artery bypass graft surgery; ICD = implantable cardioverter defibrillator; VT = ventricular tachycardia. 





„reported their experience with 270 patients with life- 
. threatening arrhythmias who received ICD implants for 
sustained ventricular tachycardia or aborted sudden 
death. The 1- and 3-year event rates were 1 and 4%, 
respectively, for sudden death, and 8 and 18%, respec- 
tively, for overall mortality. These data can be com- 
pared with those from a study!° of 462 patients who 
‘were treated with amiodarone for the same indication, 
-and who had a similar left ventricular ejection fraction 
and spectrum of presenting arrhythmias (Table II). In 
this comparison there appears to be a dramatic reduc- 
_ tion in the 1-year risk of sudden death (from 9% in the 
_ series treated with amiodarone to 1% in the series with 
‘the ICD). However, there is also a very large reduction 
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TABLE Hl Comparison of Actuarial Mortality After Treatment of 
Life-Threatening Arrhythmia with ICD or Amiodarone in Two 
Different Follow-Up Studies 
1 Follow-Up Time ł Year 3 Years 5 Years 
| ICD (Winkle et al)20 | 
No. of pts. 188 69 12 
Sudden death 1% 4% 4% 
Nonsudden death 7% 14% 22% 
Overall death 8% 18% 26% 
Amiodarone (Herre et al)!° | 
| No. of pts. 261 101 13 
Sudden death 9% 15% 21% 
--Nonsudder death: 15% =. 28% 41% 
o Overall death: am 43% 62% 
‘TCD = implantable cardioverter devbrilator. 
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in overall mortality (from 24 to 8%), only half of which 
is explained by the absolute reduction of 8% in sud- 
den death. In fact, as many nonsudden deaths appear to 
be prevented by the ICD as sudden deaths. It is likely 
that the marked differences in the rates of nonsudden. ; 


and sudden deaths are a reflection of the fact that in- i 


herently lower risk subjects were chosen to receive an 
ICD than those who received amiodarone. It is possible _ 
but less likely that amiodarone increased nonsudden 
death. This highlights the problems and very real poten- 
tial for bias, if one compares outcomes when the treat- 
ments are not allocated randomly. “gle 
A second type of study has used the discharge of the 
ICD under appropriate circumstances as a surrogate 
end point, assuming that the patient would have died 
had the ICD not been implanted.3.722-25 The observed 
mortality can then be compared with an assumed mor- 
tality estimated by counting appropriate shocks. For ex- 
ample, Fogoros et al’ reported the follow-up of 119 pa- 
tients with malignant arrhythmia who received ICD. 
Actual versus projected survival rates at 1, 2 and 3 
years were 97, 90 and 85% vs 59, 39 and 31%, respec- - 
tively (p <0.001). All studies using this methodology 
appear to indicate a sizable benefit for ICD therapy, 
but these results should be interpreted very cautiously. 
Not only is it possible for nonsustained ventricular or 


supraventricular tachycardia to mimic an appropriate 


shock, but many patients in these studies demonstrated _ 
the ability to survive (at least once) an episode of sus- 
tained ventricular tachycardia. Furthermore, medical 
therapy is not standardized, as some patients have re- 
ceived no medical treatment, and others have received 


















_ potentially harmful therapy (such as Vaughan-Williams 
class I drugs). Thus it is virtually certain that these 
studies overestimate the benefit of ICD. However, the 

- degree to which the benefits may be overestimated is 


open to conjecture. 
_ A third type of study compares 2 groups of patients 
from 1 center allocated to receive or not receive ICD in 


< a nonrandomized manner. Fogoros et al reported that 
1: owing to a temporary lack of availability of the ICD, 29 
patients with sustained ventricular tachycardia or fibril- 
“lation were treated with amiodarone alone and were 
‘compared with 21 other patients (who appeared to be 
_-well-matched) who received both amiodarone and the 
ICD. The group receiving amiodarone alone had a 24- 
month actuarial risk of sudden death of 31% compared 
“with 0% for those receiving ICD plus amiodarone, How- 
ever, nonsudden death was considerably more frequent 

< in the patients receiving amiodarone alone (14 vs 5%), 
which (as discussed previously) suggests the possibility 
of an imbalance in baseline risk factors that were not 
measured or documented in the 2 groups. More recent- 
ly, Pinski et al?! reported the follow-up of 77 patients 
from 1 institution for whom the ICD was recommended 
for treatment of drug refractory or noninducible malig- 
“nant arrhythmia. Fifteen patients (19%) refused ICD 
‘implant, and 14 of these received amiodarone (either 
alone or with a Vaughan-Williams class I drug). Base- 
line characteristics were apparently similar between the 
"2 groups. Perioperative mortality was 6% in the ICD 


`- group. Survival at 18 months was not significantly dif- 


erent (84% with and 78% without ICD). 

Crandall et al?” reported the follow-up of 196 con- 
scutive sudden death survivors in whom ventricular 
tachycardia could not be induced by programmed stim- 


ylation. Selection of the ICD was nonrandom, 98 re- 


ceived ICD and 98 did not. There was no difference 
between the groups in any predictors of outcome, except 
age (which was lower for ICD patients). The 2-year risk 


of sudden death was lower for ICD patients (3 vs 11%; 
p= 0.02), but overall survival was similar for the 2 


groups (90 with and 88% without ICD). Perioperative 


mortality was 3%. Although the imbalance in nonsud- 
-< den death could be due to a selection bias against ICD, 
it is also possible that the survival benefit owing to pre- 

-vention of arrhythmic death was offset by continuing 


“mortality due to other causes (e.g., heart failure). 
‘To summarize, some of these nonrandomized studies 
"indicate that the ICD improves survival. However, it 


appears that there were substantial biases in patient se- 


‘lection that generally led to lower risk patients receiving 
‘ICD therapy. The more recent studies in which more 
careful methodology was used suggest that the overall 
benefit from ICD therapy in these patients may be 
somewhat modest owing to substantial competing risks 


- : of deaths from other causes. 


Present study: The importance of the current report 
“by Newman et al’? is that it is the first fully published 
study that has formally attempted to compare ICD- 
„treated patients with a matched control group. This ret- 


7 _ rospective case control study from 1 center compared 
the first 60 ICD recipients with 120 control subjects 
-Who did not receive the ICD. They were matched for 




















r oe) 
TABLE IH Causes of Death in Newman et al’? 
ICD Control Subjects 
Cause of Death {n = 60) fn = 120) 
Sudden death 3 (5%) 12 (10%) 
Nonsudden death 10 (17%) 47 (39%) 
Overall mortality 13 (22%) 59 (49%) | 
ICD = implantable cardioverter defibritiator. 
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age, left ventricular ejection fraction, presenting ar- 
rhythmia, underlying heart disease and drug therapy 
status. Sudden deaths were reduced by 50% with the 
ICD (10 vs 5%; p <0.01), and 3-year actuarial mortali- 
ty was reduced by 31% (51 vs 35%; p <0.01). The 5- 
year actuarial survival curves differed significantly. Al- 
though this study was small (60 ICD patients), it pro- 
vides support for the use of ICD in patients with 
sustained ventricular tachycardia and in survivors of 
sudden death. Although the case control method reduc- 
es some of the potential for bias in patient selection for 
the different therapies, there is still potential for there to 
be imbalances between the 2 groups. The 5 variables 
chosen for matching are very important predictors of 
outcome. However, other less identifiable factors that 
determined who would receive ICD (including intuition 
of the physician) cannot be controlled, and some of 
these factors could substantially influence outcomes. It 
is also interesting to note that 80% of all deaths were 
nonsudden (Table III). As with several previous reports, 
there was an apparent reduction in nonsudden deaths by 
the ICD. The reduction in nonsudden death (39 vs 17%) 
actually exceeds that in sudden death (10 vs 5%). Con- 
sidering that medical therapy was well-matched: be- 
tween the 2 groups, the difference in nonsudden death 
strongly suggests that in some way the ICD patients 
were inherently less sick. As the investigators pointed 
out, the 2.8-year lag between the treatment of the con- 
trol and ICD patients may have resulted in greater use 
of some beneficial interventions such as angiotensin- 
converting enzyme inhibitors, aspirin and coronary re- 
vascularization in the ICD patients. This study is an 
important advance methodologically over most previous 
reports, but it is still possible that systematic differences 
in patient characteristics, and differences in concomi- 
tant treatment could have accounted for part of the 
benefit seen. 

Need for randomized trials, and some forthcoming 
studies: A critical review of the currently available data 
does not provide reliable evidence of the efficacy of the 
ICD to improve overall survival. As the methods of 
evaluation have become more rigorous and hence more 
reliable, the benefits of the ICD (especially on total 
mortality) appear modest. In fact, the only data avail- 
able from a randomized trial have shown little differ- 
ence in overall mortality. The Hamburg Cardiac Arrest 
Study!” is the first randomized controlled trial of ICD 
therapy in sudden death survivors, and it has published 
interim data on 139 patients randomized to receive ei- 
ther ICD, amiodarone, propafenone or metoprolol (fol- 
lowed for a mean of 11 months). The ICD reduced the 
rate of sudden death to 0 compared with 9% receiving 
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amiodarone, and 11% each for metoprolol and propa- 
fenone. Overall mortality was not different between 
ICD and drug therapy (14% ICD, 14% metoprolol, 15% 
amiodarone and 20% propafenone). However, because 
of the small size of the study, a reduction in overall 
mortality of approximately 30% cannot be reliably ex- 
cluded. 

The burden of pump dysfunction and coronary isch- 
emia in survivors of sudden death, and the results of 
more recent studies suggest that the benefit of the ICD 
in overall mortality will not be large and is unlikely to 
exceed 33%. Mortality reductions in this range have 
been seen with 2 antiarrhythmic drugs in postmyocar- 
dial infarction survivors. An overview of the 6-blocker, 
postmyocardial infarction trials reported a 23% reduc- 
tion in mortality (p <0.00001).28 A meta-analysis of 
randomized trials of amiodarone after myocardial in- 
farction indicated a reduction in mortality of 34% (95% 
confidence interval 54 to 7%; p <0.02).29 These data 
indicate that the benefits of the ICD should be demon- 
strated to be larger or additional to the best available 
medical management. This can only be achieved by 
conducting randomized trials (that are sufficiently 
large) comparing the ICD with (or in addition to) the 
best alternate therapy (perhaps a combination of 6- 
blockers and amiodarone). Such trials are ethically jus- 
tified even in high-risk patients, because of the weak 
data supporting the overall clinical benefits from the 
ICD, its high costs, the significant morbidity and mor- 
tality associated with its implantation, and the availabil- 
ity of at least two relatively simpler forms of therapy 
with substantial proof of efficacy. 

In addition to the Hamburg Study, a randomized 
trial of ICD therapy is currently underway in Canada 
(Canadian Implantable Defibrillator Study [CIDS]). In 
this study survivors of cardiac arrest, and patients with 
malignant sustained ventricular tachycardia are ran- 
domized to receive or not receive the ICD. All non-ICD 
patients receive amiodarone. A quarter of the antici- 
pated recruitment of 400 patients is completed. No in- 
terim results are available. The National Heart, Lung, 
and Blood Institute has recognized the need for evalua- 
tion of the ICD in survivors of cardiac arrest and 
approved funding of a study that aims to ultimately re- 
cruit approximately 700 to 800 patients. Reliable evalu- 
ation of the ICD will have to await the results of the 
aforementioned trials in high-risk subjects, and the re- 
sults of several other trials in relatively lower risk sub- 
jects (e.g., patients who have not yet had a cardiac ar- 
rest, but have characteristics that increase the risk of 
such an event). 
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COMTRAINDICAHIONS: Hypersensitivity teary component-ot this medication 

Active liver disease or unexplained petsiscent elevations of serum transami- 
ages (see WARNINGS}. 

Pregnancy andlactation. 

‘Athsroscitrosis iş a chronic process, and the discontinuation of lipid-lower- 
ing drugs during pregnancy should have litte impact on the outcome of long. 
term:-therapy of primary hypercholesterolem-a, Moreover, chotestera! and other 
‘products of the cholesterol biosyathesis pateway.are essential components for 

etal development, including synthesis of steroids and cell memoranes 
Because of the ability of inhibitors of HMG-CoA reductase such as MEVACOR 
fo decrease the synthesis of cholesterol aod possibly other products of the 
enolesterol biosynthesis pathway, MEVACOR may cause fetal harm when 
administered to à pregnant woman. Therefore, jovastatin is containdicated 
; Buring pregnarey, Lovastatin should be adnenistered to women of childbearing 
age only when such patients are highly itlikely to conceive. H the patient 
Becomes pregnant while taking this trug. bovastatin should be discontinued 
“and the patient should be apprised of the pctential hazard to the fetus 


WARNINGS: Liver Dysfunction: Marked persistent increases (to more than 3 
; Emes the upper limit of normal) in serum transaminases occurred in 1.9% of 
“adult patients who received lovastatin for a least 1 year in early clinical trials 
Tsee ADVERSE REACTIONS). When the drug was interrupted or 
discontinued in these patients, the transaminase levels usually fell slowly to 
pretreatment levels. The increases usually appeared 3 to 12 months after the 
istart of therapy with invastatin and were not associated with jaungice or other 
Clinical signs ar symptoms. There was no evidence of hypersensitivity. in the 
“EXCEL study (gee CLINICAL PHARMACOLOGY, Clinical Studies in the full 
Prescribing Information). the incidence of marked persistent creases in 
‘Serum transaminases over 48 weeks was 0.1% for placebo, 0.1% at 20 
“cmafday, 0.9% al 40 mg/day, and 1.5% at 80 mg/day in patients on tovastatin 
‘However, in post-marketing experience wih MEVACOR, sympsomatic fiver dìs- 
ease has been reported rarely at alt dosages (see ADVERSE REACTIONS) 

{tis recommended that liver function tests be performed during therapy 
with lovastatin. Serum transaminases. including ALT (SGPT), should be 
monitored balore treatment begins, every 6 weeks during the first 3 months, 

< gvery 8 weeks during the remainder of tre first year, and periatically there- 
Aher (2.9., at approximately 6-month intervals). Special attention should be 
paid to patients. who develop elevated serum transaminase levels, and, in these 
patients, measurements shouid be repeated promptly and then performed 
More frequently. if the transaminase levels show evidence of progression, pat- 
Helary if they rise to 3 limes the upper ‘anit at normal and are persistent, the 
drug should be discontinued. Liver biopsy should be consicerec if elevations 
are persistent beyond the discontinuation of the drug 
“The drug should be used with cautior in patients who consume substantial 
quantities of alcoho! and/or have a past history of liver disease. Active liver dis- 
gase or unexplained transaminase eleva'ions are contraindiwatians to the use 
of lovastatin. 

As with other lipid-lowering agents, moderate (less than 3 times the upper 
fimit of normal) elevations of serum transaminases have been reported tallow: 
ing therapy with MEVACOR (see ADVERSE REACTIONS). These changes 
appeared soon after initiation of therapy with MEVACOR, were chen transient, 
were not accompanied by any symptoms, and interruption of ‘reatment was 
Hot required 


‘Skeletal Muscie: jysis has been associated with lovastatin ther- 
apy alone, when combined with imaunasuppressive therapy including 
eystosporine in saratae vanspindi aiant. and woon ome i Man 
:Aranspiant patients wi et ar lipid-lowering deses (+ 1g/da 
of nicotinic acid. Some of the lected patients had preexisting renal inoue 
ciency, usually as 3 consequence of long-standing diabetes. Acute renal 
stailure trom {habdomyolysis has beer seen more commonly with the lova- 
‘Statin-gemfibrozil ‘combination and kas also heen reporter in transplant 
< patients receiving tovastatin plus cyclaaporine. 
Bhabdomyolysis with or without ranat impairment has been reported in 
‘seriously if patients receiving erythromycin concomitantly with lovastatin 
“Therefore, patients receiving concomitant lovastatin and eryth"omycin should 


< be caretulty monitored. 

is Fulminant lysis has been seen as early as 3 woeks after initi- 
„ation of combined therapy with gemfibrozil and lovastatin, but may be seen 
alter several months, For these reasaas, it is felt that, in most subjects who 





< wre. While it is not known weather his interaction occurs with librates other 
“that gemfibrozit, myopathy and rhabdomyolysis have occasionally heen 
esociated with the ase of other “ibrates alone, including clofibrate. 
combined use of tovastatin with other fibrates shouid ganer- 
con 


/Therelore, the 

‘ally be avoided. 

A ioan ‘templating combined therapy with lovastatin and lipid- 
oses 


: of nicotinic acid or with immunosuppressive drugs should 
 taretuily weigh the potential benefits and risks and should carefully monitor 
‘patients tor any and of muscle pain, tenderness, ot weak- 
: ness, particularly the initial months of therapy and during any peri- 
nds rd dosage titration of wither drug. Periodic creatine phosphoki- 

tase (CPK) determinations may be considered in such situations, but thare 
“teas assurance that such monitorirg wil! prevent the occurrence of severe 
eet ‘The monitoring of tovastetin drug and metabotie tevels may be 








ORS vin teansgiant patients who are treated with immunosuppressives. 
; ant lovastatin. i 
* Lovastatin should be tereporarily withheld or discontinued in any 


i jt predisposing to the development of rena! tailure secondary to 
rhatdomyolysis, including: severe acute infection, hypotension, major 
‘Surgery, tauma, severe Hic, endocrine. and electrotyte disorders, and 
uncontratied seizures. y 
3 Myalgia has. been associated wits lovastatin therapy Transient. mildly ele- 
vated CPK levels are commonly seen in lovastatin-traated patients. However. in 
arly clinical trials, approximately 0.3% of patients developed a myopathy, i.e.. 
aga or muscle weakness associated with markedly aievated CPK levels. in 
“the EXCEL study (see CLINICAL PHARMACOLOGY. Clisical Studies in the full 
“Prescribing inforination), & patients (0.1%) taking fovastatir alone (1 at 40 mg 
ipm, and.4 at 40 mg Did.) develosed myopathy (muscle symptoms and CPK 
Aevels >10:times the upper limit of norma’). Myopathy shoud be considered in 
any patient with diffuse myalgias, muscle tenderness or weakness, and/or 
“marked elevation at CPK. Patients should be advised to report promptly any 
; unexplained muscle pain, tenderness, or weakness, paricularly if accompamed 
by malaise’ or fever, Lovastatin therapy should be discostinged it markedly ele~ 
vated CPK levels occur or myopathy is diagnosed or suspected. 

‘Most of the patients who have ceveloged myopathy {including rhabdomyo- 
dysis) while taking lovastatin were raceiving concomitant therapy with immuno- 
suppressive drugs, gemfibrozil, o” tipid-lowering doses ef nicetinic acid, In 
clinical trials, about 30% of patients on concomitant immunosuppressive ther- 
apy including. cyclosporine developed myopathy; the corresponding percent- 
ages tor gemfibrozil and niacin were approximately 5% and 2%, respectively 

.. inĝ patients with cardiac transplants taking immunosuppressive therapy 
including cyclosporine concomitantly with lovastatin 20 mg/day, the average 
plasma level of- active metabolites derived from Jovastatin. was elevated to 
approximately 4 times the expected levels. Because of an apparent relationship 
between increased plasma levels ot active metabolites derived trom lovastatin 
and myopathy: the dally osaga in patients taking imunosunnressante, should 
not exceed 20 mg/day (see DOSAGE AND ADMINISTRATION). Even at this 
dosage, the benefits and risks of using lovastatin in patients taking immund- 

` güppressants should be carefully considered. 


“PRECAUTIONS: General: Before instituting therapy with MEVACOR, an attempt 
Shoul pe made to control hypemholesterolermia with appropriate diet, exer- 
cise; and. weigh jon in.obege gatients..and to traat other underlying 
medi afb ds Haron ANDUSAGE inthe full Prescribing 















yy elevate CPK a8 
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wr transaminase levels (see WARNINGS and 







A considered in the differential diagnosis 
Bt gioet pain  apatient oftheraoy With lovastatin, 

5 Pagitial HypelcntbeSidgolemia: MEVACOA is less affective. in 

BBs wi Mare homozygous milla hypercholesteroleniia, possibly 

fs have ctnal LDL receptors. MEVACOR appears 

ae ins@ininases (see ADVERSE REACTIONS) in 


ould be advised te report promptly any 





unexplained musole pain. tenderness, oF weakness, parteularly it accorypanictl 


by malaise or fever, 


Brug interactions. Immumosuppressive Drugs, Gemfibrozil, Niacin (Nicotinic 
Acid), Erythromycin: See WARNINGS, Skeletal Muscle. 

Coumazin Anticoagulants: in 2 small clinical tial in which lovastatin was 
administered to warlarin-treated patients, no eect on prothrombin time was 
detected. However, another HMG-CoA reductase inhibitor has been fourd 
to produce a less than 2-secand increase in prothrombin lime in healthy 
voiuniteers receiving low doses af warfarin. Also. bleeding and/or increased 
prothrombin time have been reported in a few patients taking coumarin antico 
aguiants concomitantly with lovastatm. it is recommended that in patients 
Taking anticoagulants. prothrombin time be determined before starting towa- 
Statin and frequently encugh during early therapy to ensure that no significant 
alteration of prothrombin time occurs. Once a stable prothrombin time fas 
been documented, prothrombin times can be monitored at the intervals usually 
recommeaded for patients on coumarin anticoagulants. # the dose of iove- 
Statin is changed, the same procedure should be repeated Lovastatin therapy 
has not been associated with pleading or with changes mm prothrombin time m 
patients rot taking anticoagulants. 

Antipyring: Because lovastatin nad no effact on the pharmacokinetics of 
antipyrine of its metabolites, ineractions of other drugs metabolized via the 
same cytochrome isozymes are not expected 

Propranolol: In normal volunieers, there was no clinically significant phar- 
macokinelic or pharmacodynamic interaction with concomitant administration 
of single doses of lovastatin and propranotol 

Digoxin: in patients with byparcholesterciemia concomitant administration 
of lovastatin and digoxin resultec in no effect on digoxin plasina concentrations. 

Other Concomitant Therapy. Although specific intergchon studies were not 
performed, in clinical studies ‘avastatin was used concomitantly with beta 
blockers. calcium channel blockers. diuretics, and nonsteroidal arti-inflamma- 
tory drugs (NSAIDs) without evidence of clinically significant adverse interactans. 


Endocrine Function: HMG-CoA reductase inhibitors interfere with cholesteroi 
synthesis and as such might theoretically blunt adrenal and/or gonadal steroid 
production. Results of clinical wals with drugs in this class have been incor: 
sistent with regard to drug effects on basal and reserve steroid le 
However. clinical studies have shown that lovastatin does not reduce nasal 
plasma cortisol concentration o¢ unpait adrenal reserve and does not reduce 
basal plasma testosterone concentration, Another HMG-CoA reduatase 
inhibitor hag been shown to reduce the plasma testosterone response to HCG 
in the same study, the mean testosterone response to HCG was slightly bat not 
significantly reduced after treatment with lovastatin 40 mg daily tor 16 weeks 
in 2t men. The effects of HMG-CoA reductase inhibitors on male tertiitychave 
not been studied in adequate eumbers of male patients. The eftects, if any. on 
the pituitary-gonadal axis on sremenopausal women are unknown, Patents 
treated with lovastatin who davelop clinical evidence of endocrine dystunation 
should be evaluated agpropriatety Caution should also be exercised if an HMG- 
CoA reductase inhibitor or other agent used to lower cholesterol levels is 
admin stered to patents also receiving other drugs (e.g. ketoconazole, 
sponelactans, cimetidine) that may decrease the levels or activity of endoge- 
nous steroid hormones, 


CNS Toxicity: Lovastatin produced ophc nerve degeneration (Wallerian degen- 
eration of retinogeniculate fibers) in clinically normat dogs in a dose-dependent 
fashion starting at 6C mg/kg/day. a dose that produced mean plasma drug lev- 
ats about 30 times higher than the mean drug level in humans taking the high- 
est recommended dose (as measured by total enzyme inhibitory activity) 
Vestibutocochiear Wallérian-like degeneration and retinal ganglion cel! chroma- 
tolysis were also seen in dogs treated for 14 weeks al 180 mavkg/day, a dose 
that resulted in a mean plasma drug level (Cna) Similar to that Seen withthe 60 
mg/kg/day dose 

CNS vascular lesions. characterized by perivascular hemorrhage anc 
edema, mononuclear cell intitration of perivascular spaces, perivascular fibre 
deposits, and necrosis of seall vessels, were seen in dogs treated with lova- 
statin at a dose of 180 mgAgday, a dose that produced plasma drug ievels 
{Cing about 30 times higher than fhe mean values in humans taking 80 mg/day 

"inilar optic nerve and CNS vascular lesions have been observed with other 
drugs of this class 


Carcwogenesis, Matagenese, impairment of Farny: jn a 21-month carci 
genic study in mica. there was a statistically significant increase in the ince 
dence of hepatocellular carcinomas and adenomas in both males and temales 
at 500 mg/kg/day. This dose produced a total plasma drug exposure 3 to 4 
times that of humans given the highest recommended dose of lovastatin (drug 
expesure was measured as total HMG-CoA reductase inhibitory activity m 
extracted plasma). Tumor increases were not seen at 20 and 100 myrkgitay, 
doses that produced drug exposures of 0.3 to 2 times that of humans at the EO 
mg/day dose, A statistically significant increase in pulmonary adenomas was 
seen in female mice at approximately 4 times the human drug exposure 
(Although mice were given 300 times the human dose [HD] on an moko body 
weight basis, plasma levels of total inhibitory activity were only 4 times higher 
in mice than in hurans given 80 mg of MEVACOR® lovastatin j 

There was an increase in incidence of papilloma in the nongiandular 
mucosa of the stomach at mice beginning at exposures of 1 to 2 times that of 
humans. The glandular mucosa was not affected. The human stomach con 
tains only glandular mucosa. 

In a 24-month carcinogenicity study in rats, there was a positie dose- 
response relationship tor hepatocellular carcinogenicity in males at drug expo- 
sures 2 to 7 times that of human exposure at 80 mg/day (doses in rats were § 
30. and 180 mg/kg/day). 

4 chemically similar drag i this class was administered to mice for 72 
weeks at 25. 100, ang 400 mg/kg body weight, which resulted in mean serum 
drug levels approximately 3, 19, and 33 times higher than the mean human sorum 
drug concentration (as total inhibitory activity) after a 40-mg oral dese. Lwer 
carcinomas were Sigoihicanty increased in high-dose females and mid- ani 
high-dose males, with a maximum incidence of 90% in males. The incidence at 
adenomas of the hver was significantly incmased in mid- and high-dose 
females. Drug treatment æsa significantly increased the incidence ottung ade- 
nomas in mid- and high-dose mates and females. Adenomas of theHarderian 
gland (a gland of the eye of rodents} were significantly higher in Nigh-dese 
mece than in controls, 

No evidence af mutagenicity was observed in a microbial matagen test 
using mutant strains af Salmonella typhimurium with or without rat or mouse 
fiver metabolic activation In addition. no evidence of damage to genetic mate- 
rial was noted in an in varo alkaline elution assay using rat or mouse hepato- 
cytes, a V-79 mammaliar cell forward mutation study. an so vitro chromosome 
aberration study in CHO ceils. or an in vivo chromosomal aberration assay in 
mouse bone marrow. 

Drug-related testicula: atrophy, decreased spermatogenesis, spermatocyte 
degeneration, and giant cel! formation were seen in dogs starting at 20 
mg/kg/day. Simiiar findings were seen with another drug in this class. No frug- 
related effects on fertility were found in studies with lovastatin in rats. However. 
in studies with a similar aug in this class. there was decreased fertiity in male 
rats treated for 34 weeks at 25 mg/kg body weight, although this effect was nat 
cbserved in a sebsequert fertility study when this same dose was administered 
for 11 weeks (the entire cycle of spermatogenesis. including epididymal mature 
ton). In rats treated with this same reductase inhibitor at 180 mg/kg/day, semi- 
fiferous tubule degensrttion (necrosis and fogs of spermatogenic-epitheliuan) 
was observed, No micrascopic changes were observed in the testes from rats 
of either study The chaical significance of these findings is unclear. 


Pregnancy. Pregnancy Categary X: See CONTRAINDICATIONS. 

jalety in pregnant women has not been established. Lovastatin has been 
shown to produce skeletal malformations at plasma levels 40 times the human 
axpasure (for mouse fetua) and 80 times the human exposure {for fat fetus) 
based on mg/m’ surface ares (doses were 800 mg/kg/day). No drug-induced 
changes were seen in sither species at multiples of 8 times irat} or 4 times 
(mouse) the human exposure based on surface area. No evidence ot malfor- 
mations was noted in eabbits at exposures upto 3 times. the human exposure 
{dose of 15 mg/kg/day. highest tolerated dose). MEVACOR should be adminis- 
tered to women of chëdhearing potential only when such patients are highly 
uplikely to conceive and have been informed. of the potential hazards. If the 
woman becomes. pregaant white taking MEYACOR, it should be discontinued, 
and the patient advised again as to the potential hazards to the fetus. 


Nursing Mothers: it is not known whether lovastatin is- excreted in human mik. 
Because a small amount of another drug in this class is excreted in numan 
breast milk acd because of the potential for serious adverse reactions if nurs- 
ing infants, women taking MEVAGOR should not nurse their infants (sea CON- 
TRAINDICATIONS). 


Pediatric Use: Salety and effectiveness in children and adolescents have not 
been established. Because Chitdren and adolescents are not Mkely to benefit 
from cholesterol! lowering for at least & decade and becayse-expdrience with 
this drug is Umited (ro Studies in subjects below the age of 20 yearsi. treat- 
ment of children eth lovastatin is nol recommended at this time. 


















f EVACORS iLovasiatin) is fiy: wall toler: 
adverse reactions usjally have been mild and transient: Legs than t% of 
patiente were discontinued fram controled vhinical studies of up to 14 weeks 
due to adverse. experiences attributable to MEVACOR. About 3%: of patients 
were: discontinued dren extensions of (hess: studies: due to adverse experi 
ances attributable to MEVACOA; about half of these patiems, were discontinued 
due tg increases in serum transaminases: The median duration of therapy in 
‘these adensitins was 3.2 years. 

je the EXCEL studi s66 CLINICAL PHARMACOLOGY, Clinical Studies in the 
tuli Prescribing information), 4.6% of the patients treated up to 48 weeks were 
discontinued due to clinical or laboratory averse experiences thal were rated 
z the. investigator as possibly, probably. o definitaly related to therapy with 
EVACOR. The valuetor the placebo group was 2.5%. 


Clinical Adverse Experiences: Adverse expariences reported in patients (*%) 
treated with MEVaACOR (n<613) in controlled clinical studies are: 
Gastrointestinal’ constipation, 4.9 diarthea, 5.5; dyspepsia. 3.9: Hatus. 6.4; 
abdominal painvcramps, 5.7: heartburn, 1.6: nausea, 4.7: Musculoskeletal: 
muscle cramps, 1.1, myalgia. 2.4, Nervous System/Pspchiatric: dizziness, 2.0: 
headache, 9.3. Skip rash/prutites, 5.2, Special Senses: blurred vision, 1.5; 
dysqenusia, 0.8 


Laboratory Tests. Marked persistent increases ot serum trangaminases. have 
been noted (see WARNINGS). 

About 11% of patients had elevations of creatine phosphokinase (CPK) 
tevels of al least twice the normal value or one or more occasions. The corre- 
sponding values tor the control agents were cholestyramine, 9%, and probu- 
col, 2%. This was attributable to the noncardiac traction of CPK, Large increases 
in CPK have sometimes been reported (see WARNINGS, Skeletal Musciel. 


Expanded Clinical Evaluation of Lovastaen (EXCEL) Study: Clinical Adverse 
Experiences: MEVACOR was coaypared to placebo in 8.245 patients with 
hypercholestercienvia (total choiesterot 248 to 300 mg/dl. [6.2-7.8 mmol/L ]} in 
the randomized, double-blind, paratei, 46-week EXCEL study. Clinical adverse 
experiences reported as possibly, probably, or definitely drug related in 21% of 
any treatment groun are shawn in the table below. For no event was the inti 
dence on drug and atacaba statistically diferent. 


MEVACOR 


Placebo 28 egap.m 4Begapm. 20mg bid 40mg oid, 
Wet. B63) (ne. 642) (ne 1 B45) (r146) in 1,649) 
y y 4 s 





had % o ia 





Body as 2 Whole 
Asthena 14 a7 14 15 1, 
Gastromtestinal 
Abdominal pain 16 
Constipation 19 
Diarrhea 23 
Dyspepsia 19 
Flatulence 42 
Nausea 25 
Musculoskeletal 
Muscle cramps, 0.5 
Myaigia WW 
Nervous System’ 
Psychiatric 
Dizziness 0, 
Headache 22 
Skin 
Rash 0.7 0.8 10 12 13 
Special Senses 
Blurred vision: 0.8 t1 0.9 09 12 


Other clinical adverse experiences weported as possibly. probably, or deti- 
nitely drug related in 0.5 to 1% at patients in any drug-treated group are listed 
below. In all these cases, the ncidence on drug and placebe was not statistical- 
y different, Body as a Whale: chest pain: Gastrointestinal: acid regurgitation, 

ry mouth, vomiting, Musculeskeletal: leg pain, shouider pain, arthralgia; 
Nervous System/Psychiatric insomnia, paresthesia, Skin: alopecia, pruritus; 
Special Senses: vye irritation 


Concomitant Therapy. in controled clinical studies in which tovastatin was 
administered concomitantly with cholestyramine, no adverse reactions peculiar 
to this concomitant treatment were observed. The adverse reactions that 
occurred were limited to those reported previously with lovastatin 
or tholestyranwne, Other lisid-owering agents were not administered con- 
comitantly with lovastatin nng cored clinical studies, Preliminary data 
Suggest that the addition ot either probucol or gemfibrozil to therapy with 
lovastatin is noi associated with greater reduction in LOL cholesterol than that 
achieved with sovastalin alone. In uncontrolled clinical studies, most of the 
patients who have developad myopathy were receiving concomitant therapy 
with immunosuppressive Crags, geriibrozit or niacin (nicotinic acid) (see 
WARNINGS, Sxeletal Muscie}. 


The following effects have been reported with drugs in this class. 

Skeletai myopathy, rhabdomyolysis, arthraigias. 

Neurological: dystunction of certain cranial nerves (inchiding alteration of 
taste, impairment of extraocular movement, facial paresis), tremor, vertigo, 
memory lass, paresthesia, peripheral neuropathy, peripheral nerve palsy, anxi- 
ely, insomnia, depression 

Hypersensitivity Reactions; an apparent hypersensitivity syndrome has been 
reported rarely that has included one or more of the following features: ana- 
phylaxis, angioedema, tupas erythamatous-like syndrome. polymyaigia 
rheumatica, vasculitis, purpura, thrombocytopenia, leukopenia, hemolytic ane- 
mia, positive ANA, ESR increase. arthritis, arthralgia, urticaria, asthenia, photo- 
sensitivity, tever, chilis, flushing, mavaise. dyspnea, toxic epidermal necrolysis, 
arythema mutiitorme, including Stevens-Johnson syndrome. 

Gastromtestinal, pancraatiis, hepatitis. including chronic active hepatitis, 
cholestatic jaundice. fatty change in: tiver, and rarely, cirrhosis, fulminant hep- 
atic necrosis, and hepatoma, anorexia, vomiting. 

Skin. #opecia. 

Reproductive: gynecomastia. loss of libido, erectile dystunction. 

Eye: progeassion of cataracts (lens opacities}, ophthalmoplegia. 


Laboratory Abnormalities: elevated transaminases, alkaline phosphatase, and 
bilirubin: thyroid function abnormalities. 


OVERDOSAGE: After oral administration af MEVACOR to mice, the median 
fethal dose oaserved was >15 g/m”. 

Five healthy human volumeers have received up to 200 mg of lovastatin as 
a single dose without clinically significant adverse experiences. A few cases of 
accidental overdosage have Seen reported: no patients hart any specific symp- 
toms, and ai patients recovered without sequelae. The maximum dose taken 
was § 10 6 g 

Until further experience is obtained, no specific treatment of overdosage 
with MEVACOR can be recommended 

The dialyzability of lovastatin and čs metabolites in man is not known at present. 


DOSAGE AND ADMINISTRATION: The patient should be placed on a standard 
cholesterolowering diet betore re Dey anal and should continue on 
this diet during treatment with MEVACOR. MEVACOR shouid be given with meats. 

The recommended starting dose is 20 mg once a day given with the evening 
meal. The mcommended desing range ig Z0 to 80 mg/day in single or divided 
doses, the maximum recommended dose is 80 mg/day Adjustments of dosage 
should be made at intervals of 4 weeks or more. Doses should be individual- 
ized accoraing fo the patient's response isee Tables i to IV under CLINICAL 
PHARMACOLOGY, Clinical Studies in the full Prescribing Information for dose- 
response ere 

in patiems taking immunasuparessive drugs concomitantly with lovastatin 
isee WARNINGS, Skeleta! Muszle\, therapy should begin with 10 mg of 
MEVACOR and should rot exceed: 20 mg/day. 

Cholesterol levels should be monitored periodically. and consideration 
should be given to reducing the dosage of MEVACOR if cholesterol levels tail 
below the targeted range. 


Dosage in Patients with Renat insufficiency: In patients with severe renal insuf- 
ficiency {cseatining clearance <30 mLémin), dosage increases above 20 mg/day 
should be caretully considered and, if deemed necessary, implemented cau- 
tiousiy (See CLINICAL PHARMACOLOGY in the full Prescribing infarmation and 
WARNINGS, Skeletal Muscle): 


For more detailed information, consult your MSD Representative or see the 


Prescribing intormation. 
Merck Sharp & Dohme, Division of Merck & Co., inc., West Point, PA 19485. 
“Registered trademark of MERCK & CO.. inc. JTMC56(519) 
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It’s the most convenient way to update your knowledge of internal 
medicine in 16 important disciplines — at your own pace! 
Ninth Edition Improvements include: + Higher degree of clinical relevance + Increased 

<< ~~. emphasis on disease management + New glossaries * Improved educational objectives 
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SSD-870 
© Electronic phased array 1 


A lot can go wrong with the human cardiovascular 
system. 

That’s why you need the Aloka SSD-870 
Cardiovascular Sector Scanner. 

Used in conjunction with Aloka’s advanced 
transesophageal probes, it raises diagnostic 
capability to a futuristic level while also greatly 


sector scanner 
@ Outstanding image quality 
with full-range, real-time 2 


dynamic focusing and 
continuous dynamic 
frequency scanning 3 


@ Max. 60 fps color mage 


reducing the need for risky catheterization. scanning (NTSC) Transesophageal prob 
5 à A @ A single probe may be used 1. Pediatrics 
A 64-frame memory permits, among other things, B mode Mmali. 2. Single plane (flexible 
simultaneous, side-by-side comparison of the PW/CW Doppler and color in four directions) 
imaging 3. Bi-plane 


heart’s long and short axes—in real time, slow 
motion and frame-by-frame. 

Color Doppler, of course, provides an immediate 
visual understanding of blood flow. 
And Aloka’s unique color coding 
system enhances abnormal flows 


Aloka Co., Ltd., America Office 

10 Fairfield Blvd., Wallingford, CT 06492 
TEL: 1-800-USALOKA, TEL: 1-203-269-5088 
FAX: 1-203-269-6075 





SCIENCE AND HUMANITY 


so they are easier to pinpoint. 

aor Aloka is a leader in the development of A LO 

2 =a transesophageal probes, including those which permit KA 

2 j GS scanning of the aortic arch and monitoring of patients 4 

na. during surgery. ALOKA.CO., UD. 

For more information about the Aloka Cardiovascular Sector Riad ket Ta ae Aa 
Scanner, please contact your Aloka distributor or Aloka’s head office at Focos (01224540S 
the address at right. Telex:02822-344 














‘Meta-Analysis of the 






Bypass Grafting 


Peter R. Kowey, MD, Joan E. Taylor, LPN, Seth J. 





mm here has been considerable interest in evaluating the 
Ei usefulness of drug therapy in patients who undergo 
operative coronary revascularization procedures to pre- 
vent the development of supraventricular tachyarrhyth- 
mia after surgery.!? Much concern stems from the fact 
that postoperative atrial fibrillation prolongs hospitaliza- 
_tion, thus increasing the cost of this already expensive and 
- frequently used procedure.’ There is an attendant risk of 
“severe complications of atrial fibrillation (most impor- 
tantly stroke), which necessitates anticoagulation in a 
significant percentage of these patients.’ Furthermore, 
_ the medications used to convert atrial fibrillation to sinus 
„rhythm and to prevent recurrence are not innocuous, and 
arguably may increase the risk of death during follow- 
up. For all these reasons, it is worthwhile to investigate 
whether medication, administered either before or imme- 
` diately after the procedure, may prevent atrial fibrillation 
and other supraventricular arrhythmias. 
Currently, the most frequently used medications for 
preventing the development of supraventricular tachyar- 
_rhythmia after surgery are 6-adrenergic blocking agents 
- and digitalis, Several studies have been undertaken to 
dy their effectiveness.*'? Unfortunately, no consensus 
jon has been reached regarding their relative useful- 
1 fact, there has been considerable inconsistency of 
ults. Consequently, in most hospitals there is no uni- 
form policy regarding their routine use. Much of the 
problem occurs because of the small number of patients 
jn each study, and the relatively modest treatment effect 
in most of these. The technique of meta-analysis can often 
help to interpret this kind of diverse data.'* By combining 
the information obtainable from a number of small but 
< well-done studies, it is possible to draw some conclusions 
_ about the relative magnitude of treatment effect. We 
reviewed 12 full-length reports in which digitalis or 8- 
blocker therapy, or both, was compared with control ther- 
_ apy, combined the information and herein report the re- 
sults. 
We conducted a review of reports (in English) that 
-were published in the last 15 years. We examined each of 
-these reports to select those that fulfilled a number of 
criteria, including incorporation of a placebo control, 
adequate numbers, exact delineation of treatment and 
dose, and careful reporting of outcome. We included 
only those articles that specified the type of supraven- 
tricular arrhythmia that occurred. In the vast majority, 
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Effectiveness of Prophylactic Drug Therapy in : 
eventing Supraventricular Arrhythmia Early After Coronary Artery 


Rials, MD, PhD, and Roger A. Marinchak, MD 


the arrhythmia identified was atrial fibrillation, but in 
rare cases, the investigators did not provide a full char- 
acterization. We also excluded reports that did not pro- 
vide sufficient information to conclude that all arrhyth- 
mias could have been detected after surgery. All studies 
in which other antiarrhythmic drugs could have been 
used were also excluded, as were those in which other 
procedures (other than coronary revascularization) were 
not interdicted. Twelve of 95 screened reports met all 
these criteria and are the subject of this report. Two. 
articles incorporated 2 treatment arms; data from these — 
groups have been handled separately, yielding 14 sets of 
data for analysis. Seven series examined B blockers, 5 
digitalis, and 2 the combination of digitalis and B-block- 
ade. Results were tabulated, then combined. A chi- 
square method was used for comparisons of proportions, 
with an adjustment for multiple comparisons. 

A list of the articles included in this report, together 
with the number of patients, drug administered and dose, 
appears in Table I. The total number of patients in all 12 
trials was 2,482. Of these, 1,311 received placebo thera- 
py, 675 B blockers, 357 digitalis and 139 a combination 
of B blockers and digitalis. The mean age of the entire 
cohort was 55 years, with a man:woman ratio of 4.5:1. 

The incidence of arrhythmia after surgery for each 
main treatment group is shown in Table II. It is clear 
that of the 3 treatment options, the only one with no 
significant effect and only a trend toward benefit was 
digitalis. B blockers when used alone or in combination 
with digitalis reduced the incidence of supraventricular 
arrhythmia to a significant extent. Combination therapy 
was better than B blockers alone (p <0.005), which was 
in turn better than digitalis alone (p <0.02). 

Supraventricular arrhythmia can have significant im- 
pact on the management of patients after coronary revas- 

















TABLE I List of Trials 
Daily Dose Active Control 1 
Study Group Drug Listed (mg)  Therapyin) (m 
Daudon et al Acebutolol 400 50 50 
Shafei et al” Propranolol 30 343 537 
Matangi et alë Propranolo 20 82 82 
Mohr et al? Propranolol = 20-40 37 48 
Mills et al? ° Propranolol/ 40/0.25 89 90 
digoxin 
Rubin et alll Propranolol 80 37 40 
Digoxin 0.25 46 
Stephenson et aj}? Propranoto 40 87 136 
Roffman and Fieldman!3 Propranolol? 60/0.25 50 63 
digoxin 
Digoxin 0.25 59 
Janssen et al!4 Metoprolol 150 39. 50 
Johnson et aP? Digoxin 0.25 54 “66 
Tyras et ait© Digoxin 0.25 61 -79 
Csicsko etali? Digoxin 0.25 137 270 
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“TABLE Ih Incidence of Arrhythmia After Surgery 


























“Control Subjects Treatment 
Noo. Now. Mean. 
pf of. Age M/F SVA (n) SVA (n) 
Trials Pts: (yn) Ratio ‘Total = (%) Total (%) | 
Group l: B Blocker 
1,418 -55 51:1 150 66 
= 2% aed 8%)* 
743 (20.2%) ara (9.8%) 
Group 2: Digoxin | 
875 54 36:1 99 55 
m t (19,1% som (15.4% 
Big t 19.1 ) 357 (93 ) | 
Group 3: B Blockers and Digoxin 
292 55 5.6:1 45 3 | 
e AN wee (2.2%)* 
Tal (29.4 136 (2.2%) | 
*p <0,001 compared with contro! subjects. 
1103 placebo patients were counted twice because 2 studies incorporated 2 active 
and 1 control treatment arm. 
Group-wise comparison: groups 1 and 2, p <0,005; groups 1 and 3, p <0.01; 
groups 2 and 3, p < 0.005. 
SVA = supraventricular arrhythmia, 








cularization procedures. Length of stay, and duration of 
time on a monitored unit are significantly increased. Fur- 
thermore, class I antiarrhythmic drugs are frequently 
needed (with all of their attendant risks). In the control 
population in this analysis, atrial arrhythmias occurred in 
>20% of patients, making it the most frequent complica- 
tion of the most common form of major surgery per- 
formed in the United States. It is a costly arrhythmia, 
increasing the price of coronary revascularization proce- 
dures by >16% or $8,000/case.3 Currently, there are no 
convincing data to prove that any clinical factors (consid- 
ered alone or in combination) can distinguish patients 
who are at highest risk and should be targeted for thera- 
` py.? Consequently, if therapy is to be used, all patients 
would need to be included. 

-The most frequently studied drugs for the prevention 
of atrial arrhythmias after surgery are digitalis and 8 
blockers.*"!’ There are several reasons for these choices. 
By their effect on atrioventricular nodal refractoriness 
and conduction, both agents slow the ventricular response 
to atrial fibrillation, and can be used to terminate and 
prevent reentrant supraventricular arrhythmias. Many 
clinicians believe that digitalis and 6 blockers have an 
atrial antifibrillatory effect in conventional doses, al- 
though this has been disputed recently, especially in the 
case of digitalis.'? Digitalis has been favored because of 
its positive inotropic effect, although 8 blockers have 
proved to be safe in the trials in which they were tested, 
probably because they were used in low doses, and pa- 
tients were selected carefully. The use of more potent 
class I drugs for prophylaxis has been attempted with 
some salutary results.*°2? This practice has been es- 
chewed by most clinicians owing to the substantial risks 
of using these agents in patients who have had recent 
coronary artery surgery; many of whom have had recent 
major ischemic events. 

Although most clinicians would agree that the use of a 
drug such as a @ blocker or digitalis to prevent atrial. 
dysrhythmias may be worthwhile, few programs actually 
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incorporate drug therapy into their surgical protocols for- 
this purpose. This is largely because of the conflicting 
results in trials published to date. For example, 2 digitalis. 
trials included in our analysis (Johnson-et al!> and Tyras 
et al'®) used the same dose of digitalis, had similar sample 
sizes and patient characteristics, and arrived at opposite 
conclusions. A likely cause for this discrepancy is insuffi- 
cient numbers to avoid statistical error. Furthermore, 
insufficient numbers may permit any of a number of 
variables such as perioperative infarction, aortic cross 
clamp time and antecedent history of atrial disease to 
impact on the results. 

The technique of meta-analysis is well-suited to the 
consideration of these data.'* By combining information 
from several studies, it is possible to overcome the limita- 
tions of each and to arrive at a meritorious conclusion. In ` 
this case, we learned that digitalis (despite its presumed 
efficacy) may not prevent atrial dysrhythmias after sur- 
gery when used alone. This result is in agreement with 
recent clinical trials that did not find an atrial antiar- 
rhythmic effect in patients with medical atrial fibrilla- 
tion.!? Beta blockers do have merit. By preventing excess 
catecholamine effects in patients (many of whom are 
withdrawing from blockers used before surgery), atrial 
fibrillation was prevented.2° The combination of the 2 
drugs works best, suggesting some synergism when the 
vagomimetic effects of digitalis are not overridden by. 
catecholamines?! 4 

This study has limitations, many of which are generic 
to meta-analyses.?? We have no way of considering the 
many variables that may have contributed to the results 
of individual studies. Drug selection, dosing and monitor- 
ing were all variable. The nonuniformity of design could 
influence individual results, but hopefully is counterbal- 
anced by the numbers of patients included in the final 
analyses. The results of the present study should not be- 
used as a final statement, but perhaps can serve asan 
impetus to initiate a prospective study with enough power _ 
to draw strong conclusions that can be used clinically, 
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Late (Five to Eight Years) Clinical and Angiographic Assessment of 
‘Patients Undergoing Successful Percutaneous Transluminal Coronary 


Angioplasty 


Barry Sharaf, MD, Raymon S. Riley, MD, Thomas M. Drew, MD, and David O. Williams, MD 


: L: is known concerning the late outcome of patients 
. bmafter successful percutaneous transluminal coronary 
ioplasty (PTCA). In particular, the angiographic as- 
ment of coronary anatomy late after PTCA is lack- 
ccordingly, the purpose of this study was to obtain 
nical and angiographic information in a consecutive 
ort of patients in whom initial PTCA was successful 
and in whom 25 years had elapsed. Furthermore, we 
attempted to correlate the angiographic status of the ini- 
tial PTCA site with clinical status at late follow-up. 
Sixty-one consecutive patients who underwent suc- 
. cessful PTCA before August 1982 were identified. 
PTCA was considered successful if the extent of coro- 
-nary diameter narrowing of the dilated lesion(s) after 
-the procedure was <50% and if the procedure was not 
_ complicated by death, myocardial infarction or need for 
-in-hospital coronary bypass grafting surgery. Contact 
_ was obtained in 57 of 61 eligible patients (93%) at a 
mean time of 74 + 11 months (range 60 to 101) after 
© PTCA: Clinical follow-up status was obtained by tele- 
phone interviews with patients, using a standardized 
questionnaire, and supplemented by review of medical 
records and by contact with the patients’ private physi- 
clans. 
Angiographic follow-up data were derived from 1 of 
2 sources: (1) clinically needed interim angiograms per- 
formed at any time during follow-up, and (2) an elective 
5-year angiogram in patients who met 1 of the following 
criteria: (a) no interim angiography performed; (b) in- 
terim angiography performed and revealed <50% diam- 
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eter stenosis at initial PTCA site; (c) interim angiogra- 
phy performed and revealed restenosis of initial PTCA 
site, and patient was treated with successful repeat 
PTCA; and (d) interim angiography did not lead to 
coronary bypass surgery. Accordingly, patients with suc- 
cessful PTCA who demonstrated either recurrent steno- 
sis or new coronary artery disease not amenable to 
PTCA, and necessitating coronary bypass surgery were 
considered to have reached their angiographic end point 
representing unsuccessful PTCA. Therefore, such pa- 
tients were not restudied at their 5-year anniversary. 
Before performing elective 5-year angiography, patients 
and their private physicians were contacted for approval 
and informed consent. ore 

Angiograms were interpreted visually and by means 
of calipers for quantification of percent diameter reduc- 
tion. Death, myocardial infarction and coronary bypass 
surgery were considered recurrent events. Restenosis was 
defined angiographically as 2.50% stenosis at the initial 
PTCA site. Analysis of overall and event-free survival 
was performed by the Kaplan-Meier method.' 

Mean age for patients was 53 + 11 years, and most 
were men (77%) with 1-vessel coronary disease (82%) 
involving the proximal or mid-left anterior descending 
coronary artery (72%). More than 80% of patients were 
receiving = 2 antianginal medications at the time of ini- 
tial PTCA. Prior myocardial infarction was present in 10 
patients (18%), and 47 (82%) presented with unstable 
angina pectoris. Mean diameter reduction of the PTCA 
site decreased from 71 + 23% to. 26 + 13%, 

Figure 1 depicts survival for the group. There were 3 
deaths (2 cardiac and 1 noncardiac): The 2 cardiac 
deaths were sudden and occurred out of the hospital at 
52 and 53 months after PTCA, respectively. At 5 years, 
survival was. 95%: 
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Nonfatal myocardial infarctions occurred in 6 pa- 
tients (11%) at a mean time of 35 + 17 months (range 12 
to 52) after PTCA. Overall, myocardial infarction-free 
survival at 5 years was 84%. 

Coronary bypass surgery was performed in 11 pa- 
tients (19%) during foliow-up at a mean time of 25 + 25 
months after PTCA. Reasons for coronary bypass sur- 
gery included angiographically documented restenosis in 
8 of 11 patients (73%), and new disease in 3 (27%). At 5 
years, 70% of patients were free of a major event, ie., 
without coronary bypass surgery, nonfatal myocardial 
infarction or death. 

Repeat PTCA was performed in 15 patients (25%) at 
a mean time of 30 + 27 months (range 3 to 72) after 
initial PTCA, Reasons for repeat PTCA included reste- 
nosis in 8 of 15 patients (53%) at a mean time of 14 + 20 
months (range 3 to 60) after initial PTCA, and new 
disease in 7 patients (47%) at a mean time of 48 + 23 
months (range 36 to 64). Of the 7 patients who had 
repeat PTCA for a new disease, 7 were successful and 
were coronary bypass surgery-free at 5 years. Of the 8 
patients who had repeat PTCA for restenosis, 5 (63%) 
underwent coronary bypass surgery. 

Cumulative 5-year angiographic information was 

obtained in 40 of 54 surviving patients (74%). In 12 of 
these patients (30%) angiography was performed before 
5 years and demonstrated restenosis that was not suc- 
cessfully treated with repeat PTCA. For the remaining 
28 patients, an elective angiogram was performed at >5 
years after initial PTCA (mean 68 months, range 61 to 
99). Of the 49 patients who had late follow-up angiogra- 
phy, 18 were entirely asymptomatic throughout follow- 
up: The initial PTCA site was free of significant stenoses 
in 17 of these patients (94%), although a substantial 
proportion (7 [39%]) had evidence of new significant 
disease elsewhere that was clinically silent. Thus, for 
patients who remained free of recurrent symptoms dur- 
ing follow-up, the finding of angiographic recurrence of 
stenosis was infrequent. Restenosis was documented an- 
giographically in 12 of 40 patients (30%) at a mean time 
of 16 + 24 months after PTCA. Only 3 patients present- 
ed with restenosis >1 year after PTCA. Initial therapy 





























Jor restenosis was repeat PTCA in 8 of 12 patients 
(75%). In FL of 12 patients (92%), restenosis was mani- 
Jested by recurrent angina pectoris. Only 1 patient had 
silent restenosis that was documented angiographically 
12 months after initial PTCA. 

The site of the initial PTCA was free of significant 
stenosis (>50%) in 28 of the 40 patients (70%) with late 
angiographic follow-up. The extent of diameter reduc- 
tion before, and immediately and 5 to 8 years after 
PTCA for these patients is shown in Figure 2. Before 
PTCA, lesion stenosis was 79 + 11% and decreased to 29 
+ 11% immediately after PTCA. At 5 to 8 years, the 
degree of stenosis was 21 + 17%, indicating that for 
patients who did not develop lesion recurrence there was 
no attrition in the degree of improvement. 

Fourteen of 28 patients (50%) who were free of reste- 
nosis had areas of new significant coronary narrowing 
(>50% diameter reduction) at sites remote from the 
initial PTCA. These stenoses averaged 76 + 17% (range 
50 to 100). Thus, in a substantial percentage of patients, 
coronary disease was progressive. Importantly, despite 
this observation, the initial salutary effects of balloon 
dilatation at the site of the original lesions were sus- 
tained. 

In this investigation, successful PTCA provided im- 
mediate as well as long-lasting favorable results; after 5 
to 8 years of follow-up, 95% of patients were alive, 70% 
were free of events of death, myocardial infarction or 
coronary bypass surgery, and 86% reported no symp- 
toms of angina pectoris. These results are particularly 
significant because most patients initially presented with 
unstable angina pectoris, and the techniques of PTCA 
were less refined when these patients were treated than at 
present. 

Only 2 cardiac deaths occurred in this study group 
over a total period of 4,107 patient months of follow-up. 
This favorable survival rate is comparable to that of 
previous reports of patients undergoing PTCA ; 

The myocardial infarction-free rate of 89% reported 
herein is slightly lower than noted in other studies 2*8 
As reported by Talley et al,5 freedom from myocardial 
infarction status during a period of 60 months was 94%. 
Furthermore, in our report, 5 of the 6 myocardial infarc- 
tions were related to disease of arteries remote from the 
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free of coronary bypass surgery. Values indicate mean + 1 
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Initial site of PTCA and thus represented a manifesta- 
tion of the natural history of coronary disease, rather 
_thanan unsuccessful PTCA. In fact, nonfatal myocardi- 
al infarction was never attributed to restenosis. These 
_ observations are consonant with other reports suggesting 
that myocardial infarction is an infrequent manifesta- 
tion of restenosis. 

Coronary bypass surgery was ultimately needed in 
19% of patients. In most cases, the indication for 
coronary bypass surgery was restenosis of the initial 

-PTCA lesion. Hence, once initially successful PTCA is 
achieved, the ability to perform subsequent elective coro- 
nary bypass surgery is not compromised. It is possible 
that with new device development, surgery may have 
-been obviated in many of these patients, 
_ Repeat PTCA was performed in 15 patients with 
indications equally divided between lesion recurrence 
cand the development of new disease. In each case where 
-PTCA was performed for new disease, the procedure was 
successful and provided sustained clinical improvement, 
„as each of these patients remained free of coronary by- 
_ pass surgery throughout follow-up. PTCA in these pa- 
tients represents a treatment strategy that can be applied 
serially and successfully over the course of a disease that 
by nature tends to be progressive. In contrast, most pa- 
tients who underwent PTCA for restenosis had recurrent 
symptoms and subsequently needed coronary bypass 
surgery. This fi nding i is in agreement with the early Zu- 
rich experience in which 19 of 27 patients who underwent 
repeat PTCA for restenosis subsequently needed coro- 
ary bypass surgery. Such observations support the 
t that patient-based factors influence responsive- 
PTCA and may predict patients at risk for recur- 
rent restenosis. 

The angiographic restenosis rate of 30% noted in this 
report is similar to that of many series.?-*°-!' The reste- 
nosis rate in our study is potentially higher than actual, 
because patients who returned for angiographic follow- 
-up were more likely to be symptomatic than those who 

refused. 
Follow-up angiography confirmed the durability of 
: PTCA. Seventy percent of study patients had sustained 
anatomic improvement at the site of the initial PTCA. 
This value may actually underestimate the true propor- 
tion of patients achieving a sustained favorable angio- 
graphic outcome, because all those who refused angio- 
graphic follow-up were asymptomatic. 

Angiography did not demonstrate any evidence of 
attrition in the magnitude of diameter reduction initially 
achieved by PTCA among patients who remained free of 








restenosis, This observation was noted previously in a 
series with a smaller number of patients with late angio- 
graphic follow-up.’ In fact, a trend toward mild im- 
provement in percent stenosis of the PTCA site was ob- 
served despite progression of disease of other coronary 
arterial sites in many patients. Thus, in patients who do 
not present with early restenosis PTCA may have a pro- 
tective effect against atherosclerotic progression. - 

This investigation indicates that PTCA can provide 
long-term favorable clinical and angiographic results for 
selected patients with coronary disease. PTCA is of par- 
ticular value for those patients who do not develop reste- 
nosis after an initial procedure, becausé continued benefit 
can be anticipated from repeat PTCA should other le- 
sions occur. For those patients who develop restenosis and 
are eventually treated surgically, PTCA may be of value 
in delaying coronary bypass surgery, a more complex 
procedure with a finite life of its own. 
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2 - Cardiogenic Shock During Acute Myocardial Infarction 


‘Charles Seydoux, MD, Jean-Jacques Goy, MD, Philippe Beuret, MD, Jean-Christophe Stauffer, MD, 
Pierre Vogt, MD, Marie-Denise Schaller, mD, Lukas Kappenberger, MD, and Claude Perret, MD 


he prognosis of cardiogenic shock during acute myc- 
eardial infarction (AMD is poor; the mortality rate 
-varies from 80 to 100%.' Recently, interventional thera- 
py including intracoronary thrombolysis and mechanical 
recanalization have been proposed and seem to improve 
prognosis.?~> 
Since 1983, we have treated 21 patients presenting 
with cardiogenic shock during AMI by emergency percu- 
‘taneous transluminal coronary angioplasty. The results 
are reported here. Hospital charts were reviewed. Seven- 
teen men and 4 women, mean age 62 + 11 years, were 
studied. A history of previous AMI was present in 5 
patients (29%) and 5 patients (23%) had angina pectoris. 
Coronary angiography was performed in all patients and 
showed occlusion of at least 1 coronary vessel. The clini- 
cal and angiographic characteristics are summarized in 
Table I. The mean delay between chest pain and the 
onset of cardiogenic shock was 135 minutes (range 60 to 
210). The mean delay between the onset of shock and 
mechanical recanalization attempts was 16 + 21 hours. 
One-vessel disease was present in 6 patients, and mui- 
~~ tivessel disease in 15 (narrowing >50%). Furthermore, 2 
patients had a left main coronary occlusion. 
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TABLE I Clinical, Hemodynamic and Angiographic Data of the 
21 Patients 
All Patients Survivors Norrsurvivors 
No. of pts. 21 (100%) 12 (57%) 9 (43%) 
Men/women 17/4 9/3 8/1 
Age (years, mean + SD) 62+ 11 60 + 12 64+ 10 
Previous infarction 6 2 4 
Treated angina 5 3 2 
Localization of the present 
infarctian 
Anterior 13 7 6 
Inferior 6 3 3 
Undetermined 2 2 — 
Number of coronary arter- 
ies narrowed > 50% 
in diameter 
1 6 2 4 
2 6 5 1 
3 9 5 4 
Successful recanalization 18 12 6 
Delay between onset of 16+ 21 21+ 25 ll+ 15 
‘shock and recanaliza- 
thon (hours) 
Systolic blood pressure on 83. 83 +19 82 + 21 
| admission in the cath. 
“Po. dab. (mim He) 
Heart rate (beats/min): 85 2.30 82 + 28 





cath, lab. » catheterization faboratoy 








Cardiogenie shock was defined as prolonged systolic. 
blood pressure of <80 mm Hg without inotropic sup-— 
port, and signs of cutaneous or cerebral hypoperfusion or 
oliguria. (<30 ml/hour), or a combination. In patients 
with hemodynamic monitoring (Swan-Ganz catheter). 
shock was defined as cardiac index <2.0 liters/min/m?, 
pulmonary artery occlusion pressure >12 mm Hg, and 
absence of response to volume expansion. 

AMI was defined as prolonged chest pain consistent 
with myocardial ischemia, ST-segment elevation of 
20.2 mV in limb or precordial leads and creatine kinase- 
MB enzyme elevation. 

Recanalization was considered successful if visual 
estimation of the residual stenosis was <50%. 

Mechanical recanalization was performed immedi- 
ately after conventional coronary angiography. An 8Fr 
introducer was placed in the right or left femoral artery. 
Right and left coronary angiography was performed us- 
ing a Judkins or Amplatz catheter. After visualization of : 
the occluded vessel, a guiding catheter was positioned in 
the coronary ostium. Intracoronary infusion of uroki- 
nase was begun (2,000 to 4,000 U/min) and a bolus dose 
of heparin (15,000 IU) was administered intravenously. 
A 0.014-inch soft wire was advanced through the occlu- 
sion and percutaneous angioplasty was performed, In- 
flations were repeated until obtaining a residual stenosis 
of <50%. The urokinase infusion was then continued for — 
1 to 3 hours and heparin was infused for 24 hours with a 
target partial thromboplastin time of >60 seconds. An- 
gioplasty of other vessels than the infarct-related one 
was attempted when considered useful by the operator. 
Stenoses of >50% were dilated whenever possible ac- 
cording to the angiographic morphology of the stenosis, 
Before recanalization, 5 patients had to be resuscitated, 
9 were mechanically.ventilated and 4 needed intraaortic 
balloon counterpulsation, using the percutaneous tech- 
nique. A Swan-Ganz catheter was placed in 9 patients 
before angioplasty. The results are expressed as mean + 
1 standard deviation. Tests for differences between the, 
means were performed with a.2-tailed Student's t test, A 
p-value <0.05 was considered statistically significant. : 

Successful recanalization was achieved in-18 patients 
(85%). Nine patients (43%), 6 of whom had had success- 
fully recanalization, died 1 to 3 days after coronary. 
angioplasty. There was no difference between the survi- 
vors and nonsurvivors regarding age, localization of the 
infarction, number of diseased vessels, delay between 
onset of chest pain and occurrence of shock. The mean 
delay between the onset of cardiogenic shock and recana- 
lization was significantly shorter in. the nonsurvivors 
than in the survivors (11 +15 hours vs 21 + 25 hours) (p 
<0.05). The mean creatine kinase value was not differ- 
ent between survivors and nonsurvivors (3,450. + 320 
IUjliter vs 4,150 + 130 IU/liter)..Mean echocardio- 
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é phic ejection Jraction after anglaplasty was 35 + 8% 
‘the survivors group. In 5 patients, a second angio- 












: was performed during the same procedure on a 
el different from the infarct-related one. Three of 
1 survived. Hemodynamic data were obtained before 
lasty i in 9 patients and after intervention in 10. All 
atients were receiving inotropic support (combination 
butamine and dopamine occasionally associated 
h noradrenaline). Rapid and marked hemodynamic 
improvement occurred in all survivors (Table ID. Ven- 
tricular arrhythmia developed i in 17 patients and needed 
ctrical cardioversion in 8. Two patients with success- 
„Jul left main recanalization underwent coronary artery 
surgery immediately after the procedure. 

In patients treated medically in the setting of AMI 
complicated by cardiogenic shock, mortality remains 
-very high (up to 80 to 90%). At the present time the aim 
of therapy i is to restore an effective coronary blood flow by 
using different techniques. Successful coronary reperfu- 
sion achieved with percutaneous transluminal coronary 
angioplasty of the infarct-related vessel improves progno- 
_sis by reducing mortality to approximately 50%, as shown 
by Meyer* and Lee’ and their co-workers. Our results 
with a 57% survival rate confirm these data. Circulatory 
assistance with percutaneous intraaortic balloon counter- 
pulsation was needed before performing angioplasty in 
only 4 patients in our series. Systematic use of percutane- 
ous cardiopulmonary bypass before performing coronary 
ifs lasty was proposed by Shawl et al in 1989. A major 
ack of this technique consists in the size of the 
which precludes its use in patients with iliofemo- 
Before its widespread use can be recommend- 
riority to intraaortic balloon counterpulsation 
o be demonstrated. Other investigators have re- 
better results after surgical revascularization with 
traaortic counterpulsation in patients with cardiogenic 
Shock associated with AMI. The advantage of percutane- 
ous transluminal coronary angioplasty is to allow an im- 
mediate restoration of coronary flow and hence shorten 
hemic time, with a possible limitation of necrosis. 

oportion of successful recanalizations in our series 
of patients with cardiogenic shock is very similar to that 
reported for AMI without shock.®” Multivessel disease 
was present in most of our 15 patients. More than 1 

gioplasty was performed in 5 patients, 3 of whom rap- 
























































TABLE II Hemodynamic Data 
Before Leaving. 
Baseline After Angioplasty intensive Care : 
Survivors (n = 8) 
Ci (liters x min-} x 2+05 2.7 + 0.6* 3.5 + 0.7* 
m-2) 
Siim x min-l x m-2) 1946 3149 39 £ 7* 
PA occlusion pressure 2227 16 x 6* 14 + 5* 
(mm Hg) 
HR (beats/min) 101 £15 101+ 15{NS) 100 + 15 (NS) 
SBP (mm Hg) 97 +7 104% 16 (NS) 109+ 10 (NS) 
*p <0.05. ; 
Ct = cardiac index; HR = heart rate; NS = not significant; PA = pulmonary artery:: 
SBP = systolic blood pressure; Sf = systolic index. 








idly improved and finally survived. It seems therefore that 
angioplasty should not be strictly reserved for patients 
with l-vessel disease. This procedure, which has been 
shown to be safe when achieved electively, might be ap- 
plied with success to emergency situations as suggested 
by our preliminary results. 

The dramatic hemodynamic improvement document- 
ed in some of our patients demonstrates the beneficial 
effect of reperfusion on left ventricular function. The 
hemodynamic response was either rapid and immediate 
(7 patients) or progressive over a period of 24 to 36 hours 
(5 patients), 
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Hypertension 

Lopressor tablets.are indicated fer the treatment of hyperten- 

sion. They may de used alone or in combination with other 

antihypertensive agents. 

‘Angina Pectoris ; : 

Lopressor fs indicated in the long-term treatment of angina 

pectoris. 

Myocardial infarction <3 : 

Lopressor ampuls and tablets are indicated in the treatment of 

hemodynamically stable patients with definite or suspected 

acute myocardial infarction to reduce cardiovascular mortality. 

Treatment with intravenous Lopressor can be initiated as soon 
; asthe patient's clinical condition allows (see DOSAGE AN 

ADMINISTRATION, CONTRAINDICATIONS, and WARNINGS). 

Alternatively, treatment can begin within 3 to 10 days of the 

acute event (see DOSAGE AND ADMINISTRATION). 
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Hypertension and Angina 
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ilure (see WARNINGS). 
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beats/min; second- and third-degree heart block, significant 
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blood pressure < 100 mmHg; of moderate-to-severe cardiac 
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be administered cautiously. Both digitalis and Lopressor slow 
AV conduction. , 
in Patients Without a History of Cardiac Failure: Continued 

depression of the myocardium with beta-biocking agents over 
a period of time can, in some cases, lead to cardiac failure, At 
the first sign or symptom of impending cardiac failure, patients 
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should be observed closely. If cardiac failure continues, de- 

' apie adequate digitalization and diuretic therapy, Lopressor 
Should be withdrawn. 


ischemic Heart Disease: Following abrupt cessation of 
therapy with certain beta-blocking agents, exacerbations 
of angina pectoris.and, in some cases, myocardial infarc- 
tion have occurred. When discontinuing chronically _ 
administered Lopressor, particularly in patients with isch- 
emic heart disease, the dosage should be gradually 
teduced over a period of 1-2 weeks and the patient should 
be carefully monitored. It angina markedly worsens or 
acute coronary insufficiency develops, Lopressor admin- 
istration should be reinstated promptly, at least tem- 
porarily, and other measures appropriate for the manage- 
ment of unstable angina should be taken. Patients should 
be warned against interruptian or discontinuation of 
therapy without the physician's advice, Because coronary 
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however, Lopressor may be used with caution in pationts with 
bronchospastic disease who do not respond to, or cannot 
Herate, hypertensive treatment. Since beta, 
selectivity Is not absolute, a beta,-stimulating agent should 
‘he administered concomitantly, and the lowest possibie dose 
of Lopressor should be used, in these circumstances it would 
`= bo prudent a to administer Lopressor in smaller doses 
three times dally, instead of larger doses two times daily, to 
avoid the higher piasma levels associated with the longer 
“> Gosing interval. (See DOSAGE AND ADMINISTRATION.) 
Mafor Surgery: The necessity or desirability at withdrawing 
beta-biocking therapy prior to major surgery is controversial; 
the impaired ability of the heart to respond to reflex adrenergic 
stimuli may augment the risks af general anesthesia and sur- 
gical procedures: ; DA: 

Lopressor, like other beta blockers, is a competitive inhibitor 
of beta-receptor agonists, and its effects can be reversed by 
administration of such agents, e.g., dobutamine or iso- 
proterenol. However, such patients may be subject to 
protracted severe hypotension. Difficulty in restarting and 
He the heart beat has.also been reported with beta 

ers, 

Diahotes and Hypoglycemia: Lopressor should be used 
with caution in diabetit patients if a beta-blacking agent is 

. required. Beta blockers may mask tachycardia occurring with 
hypoglycemia, but other manifestations such as dizziness and 
sweating may not be significantly affected. 

Thyrotexicasis: Beta-adrenergic blockade may mask certain 
clinical signs (e.g... tachycardia) of hyperthyroidism. Patients 
suspected of developing thyrotoxicosis should be managed 
carefully to avoid abrupt withdrawal of beta blockade, which 
might precipitate a thyroid storm. 

Myocardial infarction ; 

Cardiac Failure: Sympathetic stimulation is a vital component 
supporting circulatory function, and beta blockade carries the 
potential hazard of depressing myocardial contractility and pre- 
cipitating or exacerbating minimal cardiac failure. 

During treatment with Lopressor, the hemodynamic status of 
the patient should be carefully monitored. If heart failure ac- 
curs OF penia despite approariate treatment; Lopressor. 
should be discontinued: 
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`" Bradycardia: Lopressor produces a decrease in sinus heart 


rate in most patients, mis decrease ts greatest among patients 
with high initial heart sates and least among patients with low 
initial heart rates. Acute-myacardia! infarction (particularly i9- 
terior infarction) may in itself produce significant lowering of 
the sinus rate. If the sinus rate decreases to < 40 beats/min, 
particularly if associated with evidence of towered cardiac uut- 
put, atropine (0.25-0.5 mig) shoulc be administered 
intravenously. If treatment with atrapine is not successful, 
Lopressor should be discontinued „and cautious administration 
of isoproterenol or installation of a cardiac pacemaker should 
be considered. 

AV Block: Lopressor slows AV canduction and may produce 
significant first- (P-R interval 20,28 sec), second-, or third: 
degree heart block. Acute myocardial infarction also produces 
heart block. 

if heart block occurs, Lopressorshould be discontinued and 
atropine (0.25-0.5 mg) should be administered intravenously. 
if treatment with atropine is not successful, cautious adminis- 
tration of isoproterenc! or installation ot a cardiac pacemaker 
should be considered: 

Hypotension. H hypotension (systolic blood pressure = 90 
mmHg) occurs, Lopressor should be discontinued, and the 
hemodynamic status af the patientiand the extent of myocardial 
damage carefully assessed. invasive monitoring of central ven- 
ous, pulmonary capiliary wedge, and arterial pressures may be 
required. Anpropriatetherapy with fluids, positive inotropic 
agents, balloon counterpulsation, or other treatment modalities 
should be instituted. t hypotension is associated with sinus 
bradycardia or AV biock, treatment shoutd be directed at re- 
vers:ng these (see above), 

Bronchospastic Diseases: PATIENTS WITH BRONCHO- 
SPASTIC DISEASES SHOULD, IN GENERAL, NOT RECEIVE 
BETA BLOCKERS. Because of its ralative beta, selectivity, 
Lopressor may he used with extreme caution in patients with 
bronchospastic disezse. Because it is unknown to what ex- 
tent beta,-stimulating agents mar exacerbate myocardial 
ischamia and the extent of infarction, these agents should 
not ke used prophylactically. If bronchospasm not related to 
congestive heart faitura occurs, Lopressor should be discon- 
tinued. A theophylline derivativeor a beta, agonist may be 
administered cautiously, gepanding on the clinical condition 
of the patient. Both theophylline derivatives and beta, agon- 
ists may produce sedous cardiac arrhythmias. 
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General 

Lopressor shouid be.used with caution in patients with im- 
paired hepatic tunctien. 

tntormation tor Patients 

Patients should be advised to take Lopressor regularly and 
continuously, as direstad, with orimmediately following meals 
it a dose should be missed, the patient should take only the 
next scheduled dose {without doubling it). Patients should not 
discontinue Lopresser without consulting the physician. 

Patients should be:advised (1) to avoid operating auto- 
mobiles and machinery or engaging in other tasks requiring 
alertness until the patient's response to therapy with Lopressor 
has been determiner: (2) to contact the physician if any ditti- 
culty in breathing occurs, (3) to inform the physician or dentist 
before any type of surgery that heor she is taking Lopressor. 
Laboratory Tasts 
Clinical laboratory findings may include elevated levels ot 
serum transaminase: alkaline phosphatase, and lactate 
dehydrogenase 
Drug interactions 
Catecholamine-depleting drugs (@.g., reserpine) may have an 
additive effect when given with beta-blocking agents. Patients 
treated with Lopressor plus a catecholamine depletor should 
therefore be closely observed for'evidence of hypotension or 
marked bradycardia which may produce vertigo, syncope, or 
postural hypotension, 

Risk of Anaphylactic Reaction. While taking beta-blockers, 
patients with a history of severe anaphylactic reaction to a 
variety of allergens may be more reactive to repeated chal- 
lenge, either accidental, diagnostic, or therapeutic. Such 
patients may be unresponsive to the usual doses of epinephrine 
used to treat allergic reaction. 

Carcinogenesis, Mutagenesis, iy ela of Fertility 
Long-term studies in animais have been conducted to evaluate 
carcinogenic potential, in a 2-year study in rats at three oral 
dosage levels of up 10800 mg/kg per day, there was no in- 
crease in the development of spontaneously occurring benign 
or malignant neoplasms of anwy type. The only histologic 
changes that appearac to be drug related were an increased 
incidence of generaly mild focal accumulation of foamy mac- 
fophages in pulmonary alveoli and a slight increase in biliary 
hyperplasia. Ina 2tamonth study in Swiss albino mice at three 
oral dosage levels of up to 750 mg/kg per day, benign lung 
tumors (small adenomas) occurred more frequently in female 
mice receiving the highest dose than in untreated control ani- 
mals. There was no increase in malignant or total (benign plus 
Malignant) lung tumors. nor in the overall incidence of tumors 
or malignant tumors. This 21-manth study was repeated in 
CD-1 mice, and no statistically o! biologically significant dit- 
ferences were obseved between treated and control mice of 
either sex for any type of tumor, i 

All mutagenicity tests performed (a dominant lethal study in 
mice, chromosome:studies in samatic cells, a Salmonelia/ 
mammatian-microsame mutagenicity test, and a nucleus 
anomaly test in somatic interphase nuclei) were negative. 

No evidence of impaired fertility due to Lopressor was ob- 
served in a study performed in rats at doses up to 55.5 times 
the maximum daily numan dose of 450 mg. 

Pregnancy Category © i 
Lopressor has beer: shown to increase pastimplantation joss 
and decrease neonatal survival in rats at doses up to 55.5 times 
the maximum daily human dose of 450.mg. Distribution stud- 
ies in mice confirm exposure of the fetus when Lopressor is 
administered to the;pregnant animal. These studies have 
revealed no evidence of impaired fertility or teratogenicity. . 
There are no adequate and well-controlled studies in pregnant 
women. Because animal reproduction studies are not always 
predictive of humar response, this drug should be used during 
pregnancy only if carly needed: i 

Nursing Mothers ; 

Lopressor is excreted in breast miik in very small quantity, An 
intant-consuming 1 liter of breasi milk daily would receive-a 
dose of less than tng of the drug. Caution should be exercised 
when Lopressor is administered to a nursing woman. 
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d. 
ardiovascular: Shortness of breath and bradycardia have 
occurred in approximately 3 of 100 patiants. Cold extremities; 


arterial insufficiency, usually of the Raynaud type: palpitations, 
congestive heart failure, peripheral edema; and hypotension 
have beer reported in about 1 of 100 patients. (See CON- 
TRAINDICATIONS, WARNINGS, and PRECAUTIONS.) 

Respiratory: Wheezing (bronchospasm) and dyspnea have 
been reported in about 1 of 100 patients (see WARNINGS). 

Gastrointestinal: Diarrhea has occurred in about 5 of 100 
patients. Nausea, dry mouth, gastric pain, constipation, 
flatulence, and heartburn have been reported in about tot 100 
patients. 

Hyparsensitive Reactions: Pruritus or rash have occurred in 
avoul 5 al 10C patients. Worsening of asoriasis has also veen 
reported. 

Miscellaneaus: Peyronie's disease vas been reported in 
fewer than 1 af 100,000 patients. Musculoskeletal pain, biurred 
vision, and tinnitus have also been reported. 

There have been rare reports of reversible alopecia, 
apranulocytosis, and dry eyes. Discontinuation of the drug 
shouid be considered if any such reaction is not otherwise 
explicable 

e oculomucocutaneous syndrome associated with the beta 
blocker practaiol has not been reported with Lopressor. 
Myocardial infarction 
Central Nervous System: Tiredness kas been reported in 
about 1 of 10C patients. Vertigo, sleepedisturbances, nallucina- 
tions, headache, dizziness, visual disturbances, confusion, 
and reduced abide have also been reported, but a drug rela- 
tionship is net clear. 

Cardiovascular: in the randomizedicomparison of Lopressor 
and placebo described in the CLINICAL PHARMACOLOGY sec- 
tion, the following adverse reactions were reported: 


Lopressor Piacebo 
Hypotension 274% 23.2% 
systolic BP 
< 90 mmHg) 
Bradycardia 15.9% 6.7% 
(heart rate 
< 40 beats/min) 
Second- or 4.7% 4.7% 
third-degree 
heart block 
First-degree 5.3% 1.9% 
heart block 
(P-R = 0.26 sec) 
Heart tailure 27.5% 29.6% 


Respiratory: Dyspnea of pulmonary origin has been re- 
ported in fewer than 1 of 100 patients 

Gastrointestinal: Nausea and abdominal pain have been 
reported in fewer than 1 of 100 patients. 

D olegic: Rash and worsenec psoriasis have been re- 
ported, but è drug relationship is notclear. 

Miscellaneous: Unstable diabetesiand claudication have 
been reported, but a drug relationshis is not clear. 

Potential Adverse Reactions 
A variety of adverse reactions not listed above have been re- 

jorted with ether beta-adrenergic blocking agents and should 

e considered potential adverse reactions to Lopressor. 

Central Nervous System: Reversible mental depression 
progressing to catatonia; an acute reversible syndrome charac- 
terized by disorientation for time andplace, short-term 
memory loss, emotional lability, slightly clouded sensorium, 
and decreased performance on neurapsychometrics. 

Cardiovascular: intensitication of AV block (see CONTRA- 
INDICATIONS). 

Hematologic: Agranulocytosis, nonthrombocytopenic pur- 
pura, thrombocytopenic purpura. 

persensitive Reactions: Fever combined with aching and 
sore throat, laryngospasm, and respiratory distress. 
OVERDOSAGE 
Acute Toxicity 
Severa! cases of overdosage have been reported, some leading 

o death. 

Oral LDso's (mg/kg): mice, 1158-2460; rats, 3090-4670. 
Signs and Symptoms 
Potential signs and symptoms associated with overdosage with 
Lopressor ave bradycardia, hypotension, bronchospasm, and 
cardiac failure. 

Treatment 
There is no specific antidote. 

_ in general, patients with acute or recent myocardial infarc- 
tion may be more hemodynamically unstable than other pr 
tients and should be treated accordingly (see WARNINGS, 
Myocardial infarction). 

On the basis of the sharmacelogic.actions of Lopressor, the 
following general measures should be employed: 

Elim pation of the Drug: Gastric lavage should be 
performed. 

Bradycardia: Atropine should be administered. if there is no 
response to vagal blockade, isoproterenol should be adminis- 
tered cautiously, 

Hypotension: A vasopressor should be administered, 8g., 
levarterenoi or dopamine. 

ronchospasm: A beta;-stimulatiag agent and/or a theo- 
a ae derivative should be administered. 

ardiac Failure: A digitalis glycoside and diuretic should be 
administered. In shock resulting from inadequate cardiac. con- 
tractility, administration of dobutamine, isoproterenol, or 
glucagon may be considered. 
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Advanced 
Peripheral Vascular 


Interventions 
September 16-18, 1992 


Sponsored by 
St. Luke's Medical Center, Milwaukee, Wisconsin, and 
The William Dorros-Isadore Feuer Interventional Cardiovascular Disease Foundation, Ltd. 


his three day advanced symposium will be held at The Pfister Hotel, Milwaukee, and will feature live video transmission 
rom St. Luke's Medical Center. Course activities include live interventional demonstrations, instructional videos, and 
actures focusing on balloon angioplasty (with particular attention to long arterial occlusions, below knee angioplasty, 
ind the popliteal approach), rotational and directional atherectomy, peripheral vascular stenting, renal artery 
tenting, angioscopy, thrombolysis of chronically occluded synthetic grafts, percutaneous abdominal aortic aneurysm 
epair, percutaneous portacaval shunting, and magnetic resonance angiography. A workshop for physicians will 
yrovide hands-on instruction concerning the use of the Palmaz™ Balloon Expandable Stent for use in iliac arteries. 


Course Director: Gerald Dorros, M.D. 
Cardiovascular Interventionist 
Milwaukee Heart and Vascular Clinic, S.C. 
Medical Director 
The William Dorros-lsadore Feuer 
Interventional Cardiovascular Disease Foundation, Ltd. 
9901 W. Kinnickinnic River Parkway, Suite LL6, Milwaukee, Wisconsin 53215 
800-235-3594 Ml Fax 414-649-8375 
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aspirin tablets 


When low-strength aspirin is all your patients 
need to reduce the risk of recurrent 
Myocardial infarction... Unstable Angina 


@ COMPLIANCE ASSURED 
Allows for flexible dosing. No need to break 
tablet in half or alternate the daily dose to 
achieve individualized dosing. 


@ ENTERIC COATED 

Minimizes gastric irritation. 

@ CONVENIENCE 

Low strength tablet preferred for flexible dosing. 


@ PROVEN SAFE & EFFECTIVE 
Recent studies have proven aspirin to be safe and | 
effective in reducing the risk of recurrent heart 
attacks and unstable angina. * 
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Long-Term Amiodarone Therapy and Antithyroid Antibodies 


Hilário Bastos Machado, MD, Maria Emilia Pereira da Silva, MD, and Bernardino Pinho, MD 


miodarone is a benzofuran antiarrhythmic drug 

widely used in Europe and South America, and also 
approved for use for ventricular arrhythmias in the Unit- 
ed States. Each amiodarone tablet (200 mg) contains 75 
mg of iodine, which can induce hyperthyroidism and, 
more frequently, hypothyroidism in long-term therapy; 
this requires periodic monitoring of thyroid function in 
order to detect subclinical disorders. It has been suggest- 
ed that an additional mechanism of thyroid disease could 
be immunologic disorders induced by the amiodarone 
itself!:?; the presence of antithyroid antibodies are even an 
early marker for thyroid disease,' but this has not been 
been confirmed by other studies using different anti- 
body detection methods. To clarify the different results, 
we prospectively studied the presence of antithyroid anti- 
bodies in patients before and during long-term adminis- 
tration of amiodarone, both by indirect immunofluores- 
cence (used in the studies in which a high percentage of 
positive cases was detected) and by immunohemaggluti- 
nation methods. 

Amiodarone was administered in uniform doses of 1 
g/week (without an initial loading dose) to 179 patients 
(75 men and 104 women) with reentrant supraventricu- 
lar tachycardias. The mean patient age was 50 + 14 
years; they had neither congestive heart failure, signifi- 
cant coronary heart disease nor clinical past or present 
thyroid disease. In 61 patients thyroid function and anti- 
thyroid antibodies were determined before amiodarone 
therapy was begun and within months intervals. Concen- 
trations of triiodotironine (T3), thyroxine (T4) and thy- 
roid-stimulating hormone (TSH) were determined by 
radioimmunoassay (RIA); antithyroid (thyroglobulin 
and microsomal) antibodies were detected by immuno- 
fluorescence and immunohemagglutination (Thymune 
M and Thymune T, Wellcome, Dartford, England) 
methods without knowledge of whether patients were or 
were not receiving amiodarone therapy. The adminis- 
tration of amiodarone was discontinued in those with 
abnormal thyroid function; in patients with positive de- 
tection of antithyroid antibodies by the immunofluores- 
cence method, determination was repeated and amioda- 
rone therapy discontinued only in patients with positive 
detection also by the immunohemagglutination method. 

In 179 patients, there were 417 determinations of 
thyroid function and antithyroid antibodies. In 53 pa- 
tients (cumulative percentage 30%), the amiodarone 
therapy was stopped because of abnormal levels of T4, 
T3 or TSH (subclinical hypo- or hyperthyroidism), but 
only 2 patients developed clinical hypothyroidism; no 
patient developed clinical hyperthyroidism or euthyroid 
goiter. In patients with hypothyroid and in those with 
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subclinical disorders, no specific treatment was given, 
and the return to normal levels and clinical signals re- 
mained constant at 6-month control after amiodarone 
withdrawal. Fluctuation in the levels of T4 and T3 were 
seen in some patient; an abnormal high level of TSH 
remained when amiodarone was not withdrawn. One 
hundred sixty-eight determinations of antithyroid anti- 
bodies were by the immunofluorescence and 249 were by 
the hemagglutination method. The results are summa- 
rized in Table I. Thirty-three percent of patients had 
positive antithyroid antibodies before amiodarone thera- 
py (control) by the immunofluorescence detection meth- 
od, and only 0.03% of patients had positive antibodies by 
the hemagglutination detection method; striking differ- 
ences were also seen with amiodarone therapy. 

Follow-up of patients with positive antithyroid anti- 
bodies by the immunofluorescence detection method 
without amiodarone withdrawal showed that, 27% of the 
patients continued to have a positive detection, 64% had 
subsequent negative detection, and 9.0% had flutuations 
in the positivity. Only 1 patient had positive detection by 
both methods (amiodarone therapy discontinued). This 
patient also had an elevated level of TSH. In the 2 
patients with clinical hypothyroidism, 1 had negative 
antithyroid antibodies (immunohemagglutination) and 
the other had a positive followed by a negative detection 
3 months later (immunofluorescence). 

A high-level iodine supplement intake can produce 
thyroid function disorders. With uniform low-dose amio- 
darone therapy, 1,000 mg/week, the release of approxi- 
mately 30 mg of free iodine into the blood stream in this 
period of time is anticipated. During long-term therapy, 
as in the present study (6 to 120 months) it is well known 
that thyroid function disorders can occur (cumulative 
percentage of 30% in our patients) requiring periodic 
determinations of T4, T3 and TSH levels. 

The question of whether iodine released by amioda- 
rone or amiodarone itself could trigger the development 
of thyroid autoimmunity, thus causing thyroid function 
disorders, is still controversial. An imbalance of T-cell 
subpopulations was observed in 2 of 10 patients with 







TABLE I Antithyroid Antibodies in Control and Long-Term 
Amiodarone Therapy (60 to 120 months) Detected by 

Immunofluorescence Versus Hemagglutination Methods (417 
determinations) 









Immunofluorescence Hemagglutination 






Follow-Up 


(mos) No. ATA+ % No.  ATA+ % 














0 (control) 27 l 

6-12 24 12 50 26 0 0 
12-24 67 19 28 62 0 (0) 
24—48 41 4 10 63 1l 0.02 
48-120 9 3 33 64 1 0.02 


ATA+ = positive detection of antithyroid antibodies. 
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thyroid disorders, receiving amiodarone therapy,* and 
also in other patients with underlying cardiac diseases 
who did not take amiodarone.’ A close relation between 
amiodarone intake and the presence of antithyroid anti- 
bodies'? has not been confirmed by other studies,34 the 
discrepancy being attributed to different amounts of io- 
dine intake in different geographical areas. The popula- 
tion of the present study was referred to an arrhythmol- 
ogy clinic without other significant underlying cardiac 
diseases, and because both techniques of antibody detec- 
tion were applied, there were no different geographical 
areas. The immunofluorescence detection technique was 
used in the studies showing a close relation between amio- 
darone intake and antithyroid antibodies.'.? The possibili- 
ty of a high percentage of false-positive results by this 
method can be explained in part by the use of thyroid 
sections: the assay of microsomal antibodies were compli- 
cated by the thyroglobulin that microsomal antigen prep- 
arations inevitably contain; this can subsequently interact 
with antibodies directed against thyroglobulin rather 
than microsomal antigen, giving false-positive results.° A 
poor reproducibility on the borderline level (weak posi- 
tive) can be one other potential source of error. The 
follow-up of patients with positive determinations of anti- 
bodies by the immunofluorescence detection method, in 
whom amiodarone therapy was continued, showed no 


clinical significance. Amiodarone was discontinued only 
in | patient with persistent positive antibodies by both 
the immunofluorescence and hemagglutination methods, 
and this patient also had abnormal TSH levels. 

In conclusion, it is recommended that with low-dose, 
long-term amiodarone therapy, periodic determinations 
of thyroid and thyrostimulin hormones be conducted in 
order to detect subclinical thyroid disorders. This study 
found no relation between amiodarone and the presence 
of antithyroid antibodies; a positive relation suggested 
detection methodologic artifact. 
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Idiopathic ‘Dilated’? Cardiomyopathy With or Without Mild Dilatation 
of the Cardiac Ventricles in Multiple Family Members 


Edgardo Zimmerman, MD, Abraham Chwojnik, MD, and Jorge Lerman, MD 


a dilated cardiomyopathy (IDC) is character- 
ized by cardiac dilatation, with a left ventricular (LV) 
diastolic diameter generally measuring >65 mm! associ- 
ated with impaired LV function and an LV ejection frac- 
tion usually <40%.? The presence of a markedly reduced 
LV function with only minimally dilated or nondilated 
ventricles is unusual. This condition was first described by 
Keren et al. It has been suggested that IDC can be 
familiarly aggregated in about 6% of cases.‘ In this re- 
port, we present a family with IDC in whom multiple 
members had significantly reduced ventricular function, 
but only minimally enlarged or not enlarged chambers. 

Figure 1 depicts the pedigree of the family, consisting 
of the parents, 5 sons and 2 daughters. The father, who 
had had clinical manifestations of congestive heart fail- 
ure for 3 years, was admitted to the hospital with pulmo- 
nary edema and died 1 week later. The eldest son was 
admitted to the hospital with congestive heart failure 
(functional class IV), successfully treated and dis- 
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charged. In both cases, the workup study suggested the 
diagnosis of IDC. Other family members were asymp- 
tomatic and had no evidence of heart disease on physical 
examination. The mother, 2 daughters and youngest son 
had normal studies. The other 3 sons had reduced ven- 
iricular systolic function manifested by low LV fraction- 
al shortening on echocardiogram or by a low ejection 
fraction on radionuclide study and were considered to 
have IDC. In the 2 symptomatic and 1 asymptomatic 
patient (the one with the lowest fractional shortening), 
cardiac catheterization was performed. All subjects were 
followed up for 3 years. The symptomatic son remained 
in functional class II-IV and overcame 2 additional 
admissions to the hospital for pulmonary edema, and 
cardiac transplantation was indicated. The remaining 


FIGURE 1. Pedigree of family. Circles: women; squares: men; 
black symbols: affected subjects; and open symbols: nonaf- 
fected subjects. 
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TABLE | Clinical Findings and Results of Echocardiography, Radionuclide Studies and 
Cardiac Catheterization in Five Patients with idiopathic “Dilated” Cardiomyopathy 
Echocardiography Radionuclide 
Age BS  LVDD  LVSD FS RVD LAD M-S LVEF RVEF 
Pt Gy) CHF (m) (mm) (mm) (%) (mm) (mm) (mm)  (%) % EMB 
1 58 + 1.9 66 60 9 18 40 28 21 16 * 
2 34 + 1.9 56 43 23 14 44 25 29 25 * 
(64) (54) (16) (16) (43) (28) (20) (22) 
3 23 0 21 57 43 24 18 43 17 43 26 $ 
(6D (46) (23) (7) (43) (G8) (45) (25) 
4 30 0 2.0 63 45 29 13 41 15 43t 28t — 
(60) (40) (28) (14) (44) (17) 
5 27 0 1.8 49 32 35 12 40 10 39 34 — 
(60) (32) (36) (12) (39) (8) (38) (32) 
*Myocytolisis, lymphocytic infiltrates, intracellular and interstitial edema, and interstitial fibrosis. 
tRefused to undergo second radionuclide study. 
Numbers in parentheses are results of study obtained 30 to 36 months later. 
BS = body surface; CHF = congestive heart failure; EMB = endomyocardial biopsy; FS = fractional shortening; LAD = 
atrial dimension; LVDD = left ventricular diastolic dimension; LVEF = left ventricular ejection fraction; LVSD = left eat 
systolic dimension; M-—S = mitral valve—septal distance; RVD = right ventricular dimension; RVEF = right ventricular ejection 















subjects maintained their asymptomatic status. Echo- 
_cardiographic and radionuclide studies were obtained in 
- the 4 surviving subjects every 6 to 8 months during fol- 
low-up. 
Fable I summarizes data obtained by echocardiogra- 
_ phy, radionuclide angiocardiography and cardiac cathe- 
-terization in the 5 patients considered. to have IDC. Case 
`] presented typical IDC with severe congestive heart 
ailure, ventricular dilatation and reduced ventricular 
nction: Case 2 had end-stage congestive heart failure 
markedly reduced ventricular function, but normal- 
ventricles at initial examination (Figure 2). Cases 
and 5 were young asymptomatic subjects with nondi- 
_ lated ventricles, but impaired systolic ventricular func- 
: tion. Case 4 had both dilatation and reduced systolic 
ventricular function. Comparison between the initial 
noninvasive study and that obtained 30 to 36 months 
later demonstrated a trend toward mild dilatation 
and deterioration of systolic function in most patients. 
Cardiac catheterization showed similar findings in the 
patients in whom the procedure was performed. 
Left ventriculography demonstrated diffuse hypokinesis 
more severe in cases 1 and 2). Coronary arteries were 
normal. Endomyocardial biopsy showed lymphocytic in- 
__ filtrates, interstitial fibrosis, intracellular and intersti- 
tial edema, and patches of myocytolysis. In case 1, 
-thrombotic material was found adhered to the endocar- 
dial surface. 
io Twenty cases have been reported with mildly dilated 
= TDC to date This condition represents 5% of patients 
with IDC undergoing heart transplantation at Stanford 
University." The present report represents the first study 
in which an entire family with cases of mildly or no 























FIGURE 2. Case 2. A, M-mode echocardiogram that shows 
mildly dilated left ventricle and markedly reduced systolic ven- 
tricular function. B, M-mode echocardiogram of mitral valve 
showing increased distance between interventricular septum 
and anterior mitral leaflet. 





dilated IDC is studied and followed-up. Most cases. pre- 
sented in previous series were women.° Conversely, all our 
patients were men. 
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Diaz and distinguished collabora- 
tors! have established what many of 
us had long suspected: In a popula- 
tion of patients with chronic heart 
failure, 2-dimensional echocardiog- 
raphy combined with Doppler and 
color flow imaging failed to differ- 
entiate patients with dilated cardio- 
myopathy from those with coronary 
disease. In pointing out an alterna- 
tive approach, I wish to supplement 
their observations rather than to 
contest them. 

Noninvasive differentiation be- 
tween dilated cardiomyopathy and 
coronary disease with myocardial 
failure is indeed possible utilizing 
cardiographics (“mechanocardiog- 
raphy”), more or less disused, but 
accurate and inexpensive methods 
(viz., systolic time intervals and 
central pulse transmission time). 
We reported on 11 patients with di- 
lated cardiomyopathy and on 11 
age- and sex-matched patients with 
coronary artery disease.2 There 
were significant differences in cen- 
tral pulse transmission time (time 
from the aortic component of the 
second heart sound to the carotid 
incisura) and preejection period 
(both: p <0.001), ejection time in- 
dex (p <0.05) and ratio of preejec- 
tion period to left ventricular ejec- 
tion time (p <0.001). All systolic 
interval indexes were markedly 
more abnormal in the cardiomyop- 
athy group, and pulse transmission 
time averaged 50% longer than in 
the coronary artery patients. At 
-othe time of publication this was 
not surprising, because comparable 
figures for a larger series of pa- 
tients with alcoholic cardiomyopa- 
thy compared with those for 2 sets 
of matched control subjects had 
shown comparable trends.? Inci- 
‘dentally, systolic intervals can be 
determined from the M-mode echo- 
gram. 

‘Finally, why title an article, 
“Usefulness . . ..” when the results 
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ceived within 2: months of the article’s publica- 
tion, and should -be limited: (with rare excep- 
tions). to 2 double-spaced ‘typewritten pages. 
Two copies must be submitted. 





indicate that the more accurate title 
would begin, “Futility . . .”? 
David H. Spodick, mo, se 


Worcester, Massachusetts 


1. Diaz RA, Nihoyannopoulos P, Athan- 
assopoulos G, Oakley CM. Usefulness of 
echocardiography to differentiate dilated 
cardiomyopathy from coronary-reduced 
congestive heart failure. Am J Cardiol 
1991;68:1224-1227. 

2. Berk S, Kino M, Spodick DH. Nonin- 
vasive differentiation of cardiomyopathy 
from coronary heart disease: central pulse 
transmission time and systolic time inter- 
vals. J Am Geriat Sec 1976;24:289-291. 
3. Spodick DH, Pigott VM, Chirife R. 
Preclinical cardiac malfunction in chronic 
alcoholism. Comparison with matched 
normal controls and with alcoholic car- 
diomyopathy. N Engl J Med 1972;287: 
678-680. 


Diastolic Ventricular Function 
After the Fontan Operation 


We recently read the article con- 
cerning ventricular diastolic func- 
tion in patients after the Fontan op- 
eration by Frommelt and co-work- 
ers.! We,? like Frommelt, have also 
observed a reduction in early dia- 
stolic filling velocity in these pa- 
tients. Our: data, however, may pro- 
vide further insights into the mech- 
anisms responsible for these filling 
abnormalities. 

The hypothesis that the reduction 
in early diastolic filling may be a 
reflection of ventricular dilatation 
and reduced contractility cannot 
be supported. To the contrary, our 
data and those of other investiga- 
tors?-4 suggest that the transition to 





a Fontan circulation is associated- 
with a reduction in ventricular cavi- 
ty size and a well-maintained sys- 
tolic function. 

The second hypothesis,'? that the 
reduction in early diastolic filling 
may be a reflection of impaired ven- 
tricular relaxation, appears more 
plausible. We? have looked at ven- 
tricular relaxation in these patients 
in some detail and have demon- 
strated that isovolumic relaxation 
time is significantly longer and ear- 
ly diastolic filling velocity is lower: 
in patients after the Fontan opera- 
tion, compared with age- and sex- 
matched control subjects and com- 
pared to children with a univen- 
tricular atrioventricular connec- 
tion, before the Fontan operation. 
Our observation of a significant in- 
verse correlation between isovolu- 
mic relaxation time and early dia- 
stolic filling velocity underscores 
the close relation between ventricu-_ 
lar relaxation and filling in these 
patients (Figure 1). We? have also 
shown a prolongation in time con- 
stant of ventricular relaxation, ear- 
ly after the Fontan operation. 

Although not explored by the au- 
thors,! a careful analysis of Figure 
l and particularly Figure 2 from 
Frommelt’s paper may provide an 
important clue as to the possible — 
mechanisms responsible for thisim= 
paired ventricular relaxation. The — 
demonstration of intracavitary flow 
in these patients during ventricular 
relaxation must not be overlooked. 
We have previously highlighted the 
prevalence of intracavitary flow in 
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E WAVE VELOCITY 





FIGURE 1. Plot of early diastolic filing velocity (E WAVE VELOCITY) against iso- 
volumic relaxetion time (IVRT) in 25 patients after the Fontan operation, demon- 


strating a close, inverse relation. 
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atients after the Fontan operation? 
ind have postulated that as in oth- 
„` this flow may reflect the devel- 
pment of incoordinate ventricular 
elaxation. Frame-by-frame digital 
nalysis of ventricular angiograms 
ve provided further weight to our 






al have any further information re- 
. garding ventricular relaxation in 
a this fascinating patient group. 

i Daniel J. Penny, me, mrcp 
Andrew N. Redington, mo 
London, United Kingdom 

12 November 199] 
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REPLY: We agree with Penny and 
Redington that ventricular filling 

_ dynamics, including ventricular re- 
~ Jaxation, play a major role in deter- 
mining the pattern of pulmonary 
artery flow following Fontan. We 
also found that changes in the mi- 
-tral inflow Doppler were consistent 
->with abnormalities in ventricular 
relaxation and a decreased early 
_ diastolic transvalvular pressure 
-gradient when compared with nor- 
mal subjects. This resulted in de- 
- -creased early diastolic transvalvu- 











lar flow and a delay in diastolic 
forward pulmonary artery flow. 

Penny correctly points out that with 
the transition to a Fontan circulation, 
most patients have a reduction in ven- 
tricular size with well-preserved systol- 
ic function. We identified a subset of 
Fontan patients, however, who had de- 
pressed ventricular contractility and 
persistently increased end-diastolic 
and end-systolic ventricular dimen- 
sions. It was in this group of patients 
that systolic pulmonary artery flow 
was significantly decreased, suggesting 
an abnormality in mitral valve excur- 
sion/suction effect during ventricular 
contraction with a resultant increase in 
systolic atrial filling pressures. Diastol- 
ic pulmonary artery flow also shifted to 
late diastole in these patients, suggest- 
ing a deterioration in diastolic ventric- 
ular function as well. 

The idea of intracavitary diastolic 
flow gradients is interesting. Al- 
though we have not explored this, 
per se, we have observed a mid-dia- 
stolic increase in transmitral flow 
between the E and A waves in many 
Fontan patients. This may be relat- 
ed to “incoordinate” ventricular re- 
laxation with the development of 
mid-diastolic pressure gradients as 
different parts of the ventricle relax 


in a nonuniform fashion. 
Peter C. Frommelt, mp 
Milwaukee, Wisconsin 
16 January 1992 


Effects of Captopril on Infarct 
Expansion 


I would like to comment about 
the report on the use of early capto- 
pril administration in patients with 
acute myocardial infarction (AMI) 
by Oldroyd et al.! The presence of 
an excess number of patients with 
previous AMI in the placebo group 
might have influenced the outcome 
of the study, although the base- 
line left ventricular ejection frac- 
tions were said to be well-matched. 
Matching in this respect would 
have helped in drawing more defi- 
nite conclusions from the study. 
Another point is the use of placebo 
in 1 group of patients, when 8 
blockers have already emerged as 
promising secondary prevention 
agents in the case of AMI, capable 
of influencing the outcome favor- 
ably. Placebo-controlled trials were 
severely criticized previously, espe- 





cially when an effective alternate 
therapy already exists.? The aim 
of clinical research should be to 
compare the new treatment. with 
the best available current therapy. 
Moreover, 8 blockers could also 
lead to reduction of the wall stress, 
and this might be one contributing 
factor in reducing long-term mor- 
tality in patients given 6 blockers in 
early intervention (within 72 hours 
of AMI) protocols. The possible ef- 
fect of captopril on the precapillary 
sphincter and consequently on the 
total ischemic burden were also not 
touched on in the article. 

I would also like to comment on 
the “informed written consent” giv- 
en by the patients before entry. Ina 
case like AMI, with the pain, stress, 
effects of medications, and so forth, 
is it ethical to add the burden of 
decision making regarding partici- 
pation in a clinical trial to the pa- 
tient? And what effect will it have 


on the outcome of such a study? 
P. Dileep Kumar, mo 
Calicut, Kerala, South India 
10 December 1991 


1. Oldroyd KG, Pye MP, Ray SG, Chris- 
tie J, Ford 1, Cobbe SM, Dargie HJ. Ef- 
fects of early captopril administration on 
infarct expansion, left ventricular remod- 
eling and exercise capacity after acute 
myocardial infarction. Am J Cardiol 
1991;68:713-718. 

2. Hait WN. Ondansetron and cisplatin 
induced nausea and vomiting. N Engi J 
Med 1990;323:1485- 1486. 


REPLY: In reply to the letter from 
Dr. Kumar, I offer the following 
comments. We certainly consider 
that the excess number of patients 
with previous AMI in the placebo 
group might have influenced the 
outcome of the study and accord- 
ingly performed an additional anal- 
ysis after excluding these patients. 
As indicated in the manuscript, this 
analysis confirmed the findings 
shown when all patients were ana- 
lyzed together. There was no re- 
striction on the use of 8 blockade in 
this study, and the numbers of pa- 
tients receiving 8 blockers.in the 
placebo and captopril groups were 
similar. We did not address. the 
question of “total ischemic burden” 
in these patients, but were certainly 
not able to show any effect of capto- 
pril on exercise-induced ischemia in 


“these postinfarct patients. 
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T find the comment on “informed 
written consent” rather difficult to 
understand. Tens of thousands of 
patients with acute myocardial in- 
farction have been randomized in 
double-blind placebo-controlled 
studies. Without such studies we 
would not have the large data of 
incontrovertible evidence support- 
ing the use of thrombolytic therapy 
early in myocardial infarction. Al- 
though discussing the pros and cons 
of entry into a clinical study with 
a patient who has recently had a 
myocardial infarction might prove 
stressful, I would certainly prefer it 
to entering these patients into such 


trials without their consent. 
Keith G. Oldroyd, mace 
Glasgow, Scotland 
13 January 1992 


Mechanism of Concealed 
Bigeminy 


We read with much interest the 
article by Nilsson et al! on ventricu- 
lar premature complexes in which 
they explained the mechanism of 
concealed bigeminy on the theory 
of “modulated parasystole.” We 
believe that in most clinical cases 
of ventricular concealed bigeminy, 
ventricular premature complexes 
originate not in a parasystolic focus 
but in a reentrant pathway. We 
would like to suggest an alternative 
explanation by use of the concept of 
“2:1 concealed reentry.’ 


; { 





We originally reported on the 
phenomena of “concealed bigeminy 
and trigeminy” in 1960, before the 
report by Schamroth and Marri- 
ott.4 The accompanying figure 
shows an example of concealed bi- 
geminy. The first 4 strips are con- 
tinuous. The numbers of sinus QRS 
complexes (S) intervening between 
2 successive manifest premature 
complexes (X) are all uneven. Time 
intervals are expressed in hun- 
dredths of a second. Coupling inter- 
vals of premature complexes to the 
preceding sinus QRS complexes are 
represented by numerals within pa- 
rentheses, which are markedly vari- 
able. In the bottom strip, an SS in- 
terval is markedly prolonged (2.80 
seconds), because of temporary si- 
nus arrest caused by vagal stimula- 
tion; however, no ectopic QRS com- 
plexes are found in the SS interval. 
The period of 2.80 seconds is much 
longer than the sum of the XS,X 
(1.53 seconds) and shortest cou- 
pling (0.48 second) intervals. These 
findings indicate that premature 
complexes in this case do not origi- 
nate in a parasystolic focus, be- 
Cause it is known that vagal stimu- 
lation hardly suppresses parasystol- 
ic impulse formation. 

The diagram below the third 
strip shows that concealed bigem- 
iny is caused by 2:1 concealed reen- 
try.2 In the diagram, shaded bars 
represent abnormally long effective 
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refractory periods in a reentrant. 
pathway (RP). A concealed reen- 
trant extrasystole (X) and 2:1 block 
of sinus impulses in the reentrant 
pathway are shown. V represents 
the ventricles. The findings in this 
case strongly suggest that con- 

cealed bigeminy is usually causéd 
not by modulated parasystole, but 

by 2:1 concealed reentry. : 

Shinji Kinoshita, mo 

Fumihiko Okada, mo 

Sapporo, Japan 

20 November 1991. 
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40 minutes from Philadelphia and 30 min- 
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immediately, Call 609-327-2142. 
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| Invasive/Non-Invasive Cardiologist - Florida 
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| Hospital District, Physician Recruitment, 303 

S.E. 17th Street, Ft, Lauderdale. FL 33316. 











l CARDIOLOGIST/ TANTERNIST wanted 
to join 2-man group with several offices in 
the metropolitan New York area of New 
Jersey. Must have cardiac catheterization 
capacity with some interest in internal 
medicine. 

Please call 201-376-8511 





CARDIOLOGIST—BC/BE to join busy prac- 
tice affiliated with major D/FW suburban hos- 





“open heart facilities, all phases of cardiac rehab. 
| Excellent package available. Send CV to Jerry 
| Delashaw, IRVING HEALTHCARE SYSTEM 

: | 1901 North MacArthur, Irving. Texas 75061. 




















Cardiologist, BC/BE, Invasive/Non-inva- 
sive Associate Position available immedi- 
ately with Busy South Florida Practice, 
¿MD or DO, Attractive Offer. Please reply 
to Box 1245, The American Journal of 
1 Cardiology, 249 West 17th Street, NY NY 


| 10011. Ma ' 


CARDIOLOGIST (U.S. TRAINED) 
B:C/B.E. Invasive/Non-Invasive to join 
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diately, Cardiac catheterization required. 
Permanent pacemaker implantation 
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efit package leading to partnership. Send 
CV to Box. 1233, The American Journal of 
Cardiology, 249 West. 17th Street, NY, 
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Board certified, invasive cardiologist 
with extensive caths and angioplasty 
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TEACHING VISUALS 


CARVED HEART MODELS 
I carve exceptionally detailed heart models from 
black cherry wood with a birdseye maple stand. 
Coronary arteries and great vessels are all accu- 
rately carved to make excellent teaching mod- 
els. I will consider carving in other woods. To 
order: Send check for $220.00 or call for COD 


delivery to: f 
BLACK CHERRY 
WOODCARVING COMPANY 
1445 Stewart Road 
Sacramento, CA 95864 
Phone (916) 485-3315 
Or, call or write for photo. 
If interested in heart model in any wood other 
than black cherry/birdseye maple, write or call 
and ask for Pete. 
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YOUR MOST COMPLETE 
RESOURCE FOR REACHING 
THE NATION'S PHYSICIANS. 


The American Journalof Cardiology and 
the family of Cahners Healthcare 
Publications offer this unique combination 
of advertising values: 


* CLUTTER-FREE SHOWCASES 
Highly visible, attractively designed 
classified sections in high-readership 
journals, Your ad gets noticed and 

gets action, 





COST-EFFECTIVE REACH & 
IMPACT |. 

More affordable: classified rates than 
those of other joumals with equal or 
lower circulations. 








FREE SERVICES 
Phone in your ads Toll Free. Never a 
charge for typesetting, layout or 

dropping in your logo. 


PREFERRED POSITIONS ~—s 
Opening page... closing page: left 







In every specialty they serve, Cahners’ 
Healthcare Publications are read by 

the primary care physicians you need 
to reach! 


HEALTHCARE CLASSIFIED... 


NOBODY DOES IT BETTER 
THAN CAHNERS. — 


Cahners Healthcare Classified 
(212) 463-6487... 

Toll Free (800) 344-7775 
Fax: (212) 620-9085 


Reach The Physicians You Need 
-Call Andrea Feinberg 
800-344-7775 . 212-463-6487 
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CARDIOLOGIST, INTERNAL MEDICINE 


NIVERSITY OF CALIFORNIA, DAVIS, SCHOOL OF MEDICINE is recruiting an aca- 
“position in Division of Cardiovascular Medicine, Department of Internal Medicine. Appointment 
will be at the assistant level. Applicants should be board certified in internal medicine and board certi- 
eligible in cardiovascular medicine, and eligible for licensure in the state of California. Clinical and 
earch interest in electrophysiology, mapping and ablation studies required, Use of implantable defib- 
lators preferred. Responsibilities include clinical care, teaching medical students, residents and fellows, 
d commitment to basic and/or clinical investigation. Other duties include noninvasive, consult and coro- 
nary care unit service. Send letters, with complete curriculum vitae, names and addresses of three refer- 


Gabriel Gregoratos, M.D, 
Chair, Cardiovascular Medicine Faculty Search Committee 
UC Davis, Division of Cardiovascular Medicine, TB172 » Davis, California 95616 


INTERVENTIONAL 
CARDIOLOGIST 
FINGER LAKES AREA 
OF UPSTATE NEW YORK 


250 bed tertiary referral hospital has:) 
exciting opportunity for Board. 
Certified Cardiologist with adminis- | 
trative experience and extensive clin- 
ical experience in diagnostic and inter- | 
ventional cardiology. Competitive 
compensation. Confidential Box 1241, 
The American Journal of Cardiology, | 
249 West 17th Street, NY, NY 10011. 
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DIRECTOR, CARDIAC CARE UNIT 
major Nassau County, New York teach- 
ing hospital is seeking a Physician Director 
its Cardiac Care Unit. Candidate should 
be Board Certified in Cardiology and. have 
1 strong interest in patient care, teaching 
and research. 2 to 5 years experience as a 
ardiac Card Unit Director is preferred. 
nd C.V. to: 












: Box 1243 
-1 The American Journal of Cardiology 
249 West 17th Street + NY, NY 10011 



























pediatric cardiac surgery service, and 
ésently performing 400 pediatric cardiac 
ations per year, invites. applications 
ition of Chief of the Department 

ediatric Cardiology. A full academic 
pointment is available. Interested parties 
should forward their curriculum vitae plus a 
letter of introduction to Box 1229, American 


INY, NY 10011. 


iW applications will be treated with the strictest confidence 


Bers : Saeed : J 
A University affiliated institution, with a busy 


PRACTICE FOR SALE 


ll-year old practice for sale. San 
Francisco Bay area. Invasive/Non- 
invasive. Good coverage, growing 
community, attractive location. Terms 
negotiable. Please call: 510-757-0660. 





Reach The Physicians _ 
You Need 
Fax Your Ad Today! 
212-620-9085 










FELLOWSHIPS | a 


FELLOWSHIP IN CARDIAC TRANSPLANTATION | 
AND HEART FAILURE 


The Cardiac Unit of the Massachusetts General Hospital is now accepting 
applications for either a one year clinical fellowship or a 2 year combined clin- 
ical and research fellowship in cardiac transplantation medicine and heart fail- 








“| Journal of Cardiology, 249 West 17th St., 























sistant Professor (tenure-track) to par- 
ticipate in heart failure clinical and research 
‘ogram, Individual will be active in teach- 
g of medical students, residents, and 
st-graduate fellows, and will provide 
| management of patients with heart 
ilure before and after transplant. 
esearch experience in nuclear magnetic | 
sonance as evidenced by publications 
d/or grant support. 

| Qualifications: M.D., completion of 3-year 
: | residency program, cardiology fellowship, 
-| board eligible/certified, 1 year research in 
NMR. 


oo 


ay N: Cohn, M.D. Professor and Head 

Cardiovascular Division 

: Box 488 UMHC a 
-UNIVERSITY OF MINNESOTA 

Minneapolis, MN.55455 


The University of Minnesota is an equal 
portunity employer and educator. 














_| Deadline for receipt of applications: 5/1/92. 


seed 


ure beginning July 1992. 





Please send curriculum vitae and two letters of recommendation to: 


G. William Dec, M.D. 

Cardiac Transplant Program 
MASSACHUSETTS GENERAL HOSPITAL 
Boston, MA 02114 
Telephone (617) 726-8237 











RESEARCH FELLOWSHIP 
IN ECHOCARDIOGRAPHY 


Research fellowship in echocardiography, trans- 
esophageal echocardiology and Doppler study 
1-3 years in duration. Participate in ongoing 
protocols in transesophageal and Doppler 
echocardiography and adenosine and dipyri- 
daniole echocardiographic imaging. Should 
have minimum of 2 years of clinical cardiology 
experience. 


Send CV to: Jay Brown, M.D. 
Chief, Division of Cardiology 
HARLEM HOSPITAL CENTER 
506.Lenox Avenue, New York, NY 10037. - 


COLUMBIA UNIVERSITY Affiliation, COL- 
LEGE OF PHYSICIANS AND SURGEONS. 
Columbia University takes affirmative action 

to ensure equal opportunity. ae 
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INTERVENTIONAL 
CARDIOLOGY 
FELLOWSHIP 
July 1992 - June 1993, for out- 
standing, board eligible cardiolo- 
gist. Participate in hundreds of car- 
diac and peripheral procedures; 
help develop, test new interven- 
tional techniques/ devices. Excel- 
lent salary. Send introductory let- 
ter, C.V., photo to: 
CARDIOVASCULAR 
< INSTITUTE 
OF THE SOUTH 
“P.O. Box. 207 | 
Houma, LA 70361 

















The Right B 
Choice 





j Eo eo 2 ee 
Medicine in Monroe 
Not all Cardiologists are lucky enough to have an 
over abundance of patients. Dial 1-800-338-0568 
and discover the “Right Piace” for your medical 
practice in beautiful southern Wisconsin. 


For an early prescription to lasting stockholder 
status, please send your curriculum vitae c/o 
Robert Enterline, Physician Staffing Director, THE 
MONROE CLINIC, 1515 Tenth Street, Monroe, 
Wisconsin 53566. 
















' The Monroe Clinic, s.c. 
Wisconsin 
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» Every Transderm-Nitro 0.1 mg/hr... 


patch has the exclusive 
easy-open tab 


Easy to apply— 
Easy to remove 


Available in four 
convenient dosages 


Patches not shown 
actual size 


Transderm-Nitro® 
nitroglycerin 


Transdermal Therapeutic System 





Revised Dosage information | 


BRIEF SUMMARY (FOR FULL PRESCRIBING 
INFORMATION, SEE PACKAGE INSERT) 


ro “ 


INDICATIONS AND USAGE 
This drug product has been conditionally approved by the FDA 
for the prevention of angina pectoris due to coronary artery 
disease. Tolerance to the antianginal effects of nitrates 
(measured by exercise stress testing) has been shown to be a 
major factor limiting efficacy when transdermal nitrates are 
used continuously for tonger than 12 hours each day. The 
development of tolerance can be altered (prevented or 
attenuated) by use of a noncontinuous (intermittent) dosing 
schedule with a nitrate-free interval of 10-12 hours, 
Controlied clinicat trial data suggest that the intermittent 
use of nitrates is associated with decreased exercise 
tolerance, in comparison to placebo, during the last part of 
the nitrate-tree interval: the clinical relevance of this observa- 
tion is unknown, but the possibility of increased frequency or 
severity of angina during the nitrate-tree interval should be 
considered. Further investigations of the tolerance phenome- 
non and best regimen are ongoing. A final evaluation of the 
effectiveness of the product will be announced by the FDA. 

















CONTRAINDICATIONS 

Allergic reactions to organic nitrates are extremely rare, but they do 
occur. Nitroglycerin is contraindicated in patients who are allergic 
to it. Allergy to the adhesives used in nitroglycerin patches has also 
been reported, and it similarly constitutes a contraindication to the 
use of this product. 


WARNINGS 

The benefits of transdermal nitroglycerin in patients with acute 
myocardial infarction or congestive heart failure have not been 
established. if one elects to use nitroglycerin in these conditions. 
careful clinical or hemodynamic monitoring must be used to avoid 
the hazards of hypotension and tachycardia. 

A cardioverter/defibriliator should not be discharged through a 
paddle electrode that overlies a Transderm-Nitro patch. The areng 
that may be seen in this situation is harmless in itself, but it may 
associated with local current concentration that can cause damage 
to the paddies and burns to the patient. 


PRECAUTIONS 

General 

Severe hypotension, particularly with upright posture, may occur 
with even small doses of nitroglycerin. This drug shouid therefore 
be used with caution in patients who may be volume depleted or 
who, for whatever reason, are already hypotensive. Hypotension 
induced by nitroglycerin may be accompanied by paradoxical 
bradycardia and increased angina pectoris. 

Nitrate therapy may aggravate the angina caused by hypertrophic 
cardiomyopathy. 

As tolerance to other forms of nitroglycerin develops, the effect 
of sublingual nitroglycerin on exercise tolerance, although still 
observable, is somewhat blunted. 

in industrial workers who have had long-term exposure to 
unknown (presumably high) doses of organic nitrates, tolerance 
clearly occurs, Chest pain, acute myocardial infarction, and even 
sudden death have occurred curing ella withdrawal of 
nitrates from these workers, demonstrating the existence of true 
physical dependence 

Several clinical triats in patients with angina pectoris have 
evaluated nitroglycerin regimens which incorporated a 10-12 hour 
nitrate-free interval. In some of these trials, an increase in the 
frequency of anginal attacks during the nitrate-free interval was 
observed in a smati number of patients. In one trial, patients 
demonstrated decreased exercise tolerance at the end of the 
nitrate-free interval. Hemodynamic rebound has been observed 
only rarely, on the other hand, few studies were so designed that 
rebound, if it had occurred would have been detected. The 
importance of these observations to the routine. clinical use of 
transdermal nitroglycerin is anknown. 
information for Patients 
Daily headaches sometimes accompany treatment with nitroglyc- 
erin. in patients who get these headaches, the headaches may be a 
marker of the activity of the drug. Patients should resist the 
temptation to avoid headaches by altering the schedule of their 
treatment with nitroglycerin. since loss af headache may be 
associated with simultaneous loss of antianginal emean 

Treatment with nitroglycerin may be associated with lightheaded- 
ness on standing, especially just after rising from a recumbent oF 
seated position. This effect may be more frequent in patients who 
have also consumed alcohol. 


Formerly described as 2.5 mg/24 hr 





menemen orreee 


0.2 mg/hr... 


Formerly described as 5 mg/24 hr 





0.4 mg/hr... 


Formerly described as 10 mg/24 hr 





0.6 mg/hr... 
Formerly described as 15 mg/24 hr 
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_ After normal use, there is enough residual nitroglycerin in 
discarded patches that they are a potential hazard to children and 


pets. 

A patient leaflet is supplied with the systems. 
Orug Interactions 
The vasodilating effects of nitroglycerin may be additive with those 
of other vasodilators. Alcohol, in particular, has been found to 
exhibit additive effects of this variety. 

Marked symptomatic orthostatic hypotension has been reported 
when calcium channel blockers and organic nitrates were used in 
combination, Dose adjustments of either class of agents may be 
necessary. 

Carcinogenesis, Mutagenesis, impairment of Fertility 

No long-term animal studies have examined the carcinogenic or 
mutagenic potential of nitroglycerin. Nitroglycerin’s effect upon 
reproductive capacity is similarly unknown. 

Pragnancy Category C 

Animal reproduction studies have not been conducted with 
nitroglycerin. It is also not known whether nitroglycerin can cause 
fetal harm when administered to a pregnant woman or whether it 
can affect reproductive capacity. Nitroglycerin should be given to a 
pregnant woman only if clearly needed. 

Nursing Mothers 

it is not known whether nitroglycerin is excreted in human milk. 
Because many drugs are excreted in human milk, caution should be 
exercised when nitroglycerin is administered to a nursing woman. 
Pediatric Use 

Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 

Adverse reactions to nitroglycerin are generally dose-related, and 
almost all of these reactions are the result of nitroglycerin's activity 
as a vasodilator. Headache, which may be severe, i$ the most 
commonly reported side effect. Headache may be recurrent with 
each daily dose, especially at higher doses. Transient episodes ot 
lightheadedness, occasionally related to blood pressure changes, 
may also occur. Hypotension occurs infrequently. but in some 
patients it may be severe enough to warrant discontinuation of 
merap Syncope, crescendo angina, and rebound hypertension 
have been reported but are uncommon. 

Extremely rarely, ordinary doses of organic nitrates have caused 
methemoglobinemia in normal-seeming patients. Methemoglobin- 
emia is $0 infrequent at these doses that turther discussion of its 
diagnosis and treatment is deferred (see Overdosage) 

Application-site irritation may occur but is rarely severe. 

In two placebo-controtied trials of intermittent therapy with 
nitroglycerin patches at 0.2 to 0.8 mg/hr. the most frequent 
adverse reactions among 307 subjects were as follows: 


Placebo Patch 
Headache 18% 63% 
Lightheadedness 4% 6% 
Hypotension, and/or syncope 0% 4% 
Increased angina 2% 2% 
OVERDOSAGE 


Hemodynamic Effects 

The ill effects of nitroglycerin overdose are generally the result of 
nitroglycerin's capacity to induce vasodilatation, venous pooling. 
reduced cardiac output, and hypotension. These hemodynamic 
changes may have protean manifestations, including increased 
intracranial pressure, with any or all of persistent throbbing 
headache, confusion, and moderate fever, vertigo, palpitations, 
visual disturbances; nausea and vomiting (possibly with colic and 
even bloody diarrhea): syncope (especially in the upright posture); 
air hunger and dyspnea. later followed by reduced ventilatory effort. 
diaphoresis, with the skin either flushed or cold and clammy; heart 
block and bradycardia; paralysis; coma: seizures, and death. 

Laboratory determinations of serum levels of nitroglycerin and 
its metabolites are not widely available, and such determinations 
have, in any event, no established role in the management of 
nitroglycerin overdose. 

No data are available to suggest physiological maneuvers (€.9.. 
maneuvers to change the pH of the urine) that might accelerate 
elimination of nitroglycerin and its active metabolites. Similarly, it is 
not knows which, if any, of these substances can usefully be 
removed from the body by hemodialysis. 

No specific antagonist to the vasodilator effects of nitrogtycenn 
is known, and no intervention has been subject to controlled study 
as a therapy ot nitroglycerin overdose. Because the hypotension 
associated with nitroglycerin overdose is the result of venodilatation 
and arterial hypovolemia, prudent therapy in this situation should 
be directed toward an increase in central fluid volume. Passive 
elevation of the patient's legs may be sufficient. but intravenous 
infusion of normal saline or similar fluid may also be necessary. 

The use of epinephrine or other arterial vasoconstrictors in this 
setting is likely to do more harm than good 

In patients with renal disease or congestive heart failure. therapy 
resulting in central volume expansion is not without hazard, 
Treatment of nitroglycerin overdose in these patients may be subtle 
and difficult, and invasive monitoring may be required 


Methemogiobinemia 

Nitrate ions liberated during metabolism of nitroglycerin can oxidize 
hemoglobin into methemoglobin. Even in patients totally without 
cytochrome b, reductase activity, however, and even assuming that 
the nitrate moieties of nitroglycerin are quantitatively applied to 
oxidation of hemoglobin, about 1 mg/kg of nitrogiycenn should be 
required betore any of these patients manifests cl inically significam 
(= 10%) methemoglobinemia, tn patients with normal reductase 
function, significant production of methemoglobin should regure 
even larger doses of nitrogtycerin. in one study in which 36 patients 
received 2-4 weeks of continuous nitroglycerin therapy at 3.1 to 
4.4 mg/hr, the average methemoglobin level measured was 0.2%, 
this was comparable to that observed in parallel patients who 
received placebo. 

Notwithstanding these observations, there are case reports of 
significant methemoglobinemia in association with moderate 
overdoses of organic nitrates. None of the affected patients had 
been thought to be unusually susceptible 

Methemoglobin levels are available from most clinical laborato- 
ries, The diagnosis should be suspected in patients who exhibit 
signs of impaired oxygen delivery despite adecuate cardiac output 
and adequate arterial p02. Classically, methemoglobinemic blood is 
described as chocolate brown, without color cange on exposure to 


ayy. 
When methemaglobinemia is diagnosed, the treatment of choice 
is methylene blue, 1-2 mg/kg intravenously. 


DOSAGE AND ADMINISTRATION 

The suggested starting dose is between 0.2 mg/hr*, and 

0.4 mg/hr*. Doses between 0.4 mg/hr* and 0.8 mg/h’ have 
shown continued effectiveness for 10-12 hours daily for at least 
one month (the longest period studied) of intermittent administra- 
tion. Although the minimum nitrate-free interwal has not been 
defined, data show that a nitrate-free interval of 10-12 hours is 
sufficient (see INDICATIONS AND USAGE). Thus, an appropriate 
dosing schedule for Ls ape patches would include a daily 
patch-on period of 12-14 hours and a daily patch-off period of 
10-12 hours. 

Although some well-controlled clinical trials using exercise 
tolerance testing have shown maintenance of effectiveness when 
patches are worn continuously, the large majority of such 
controlled trials have shown the development of tolerance (1.¢.. 
complete loss of effect) within the first 24 hours after therapy was 
initiated. Dose adjustment, even to levels much higher than 
generally used, did not restore efficacy. 


PATIENT INSTRUCTIONS FOR APPLICATION OF SYSTEM 
A patient leaflet is supplied with each carton. 


HOW SUPPLIED 
Total 
Nitro- 
glycerin 
Transderm- in System Carton 


Nitro System” System Size Size 


O1mg/hr 12.5mg 5cm? 30 Systems. NDC 57267-902-26 
**30 Systems... NDC 57267-902-42 

**100 Systems... NDC 57267-902-30 

10 cm2 30 Systems. ..NDC 57267-905-26 
**30 Systers...NDC 57267-905-42 

*°100 Systems... NDC 57267-905-30 
50mg 20cm2 30 Systems...NDC 57267-910-26 
**30 Systems... NDC 57267-910-42 

"100 Systems...NDC 57267-910-30 

75mg 30-cm2 30 Systems... NDC 57267-915-26 
**30 Systems... NDC 57267-915-42 

**100 Systems... NDC 57267-915-30 


* "Institutional Pack 


*Rated release in vivo. Release rates were formerly described in 
terms of drug delivered per 24 hours. in these terms, the supplied 
Transderm-Nitro systems would be rated at 2.5 mg/24 hr 

(0.1 mg/hr}, 5 mg/24 hr (0.2 masher), 10 mg/24 hr (0.4 mg/hr), 
and 15 mg/24 hr (0.6 mg/hr}. 


Do not store above'86°F (30°C) 





0.2 mg/hr 25 mg 


0.4 mg/hr 


0.6 mg/hr 


Summit Pharmaceuticals 


Dist. by: 

Summit Pharmaceuticals 

Division of CIBA-GEIGY Corporation 
Summit, New Jersey 07901 


Printed in U S.A. 
€89-46 (Rey. 10/89) 


References: 
Brady EM, Gold OG, Rosenbach HJ. Antianginal efficacy of 


Le 
transdermal nitroglycerin and oral nitrates: The ACTION Study 


Cardiovasc Rev Rep. October 1988: 40-44. 


e nitrate your patients 
will stick with 


TRANSDERM-NITRO 
0.2 MG/HR 


Simple, once-daily patch application 
Patient-preferred 7 to 1 for convenience compared with oral nitrates 
(12% had no preference, n=4,300)' 

Easy-to-handle nonadhesive tab 
As with all nitroglycerin medications, side effects may occur with Transderm-Nitro, the most common of which is 


headache. A!l transdermal nitroglycerin products are being marketed pending final evaluation of effectiveness by the FDA. 
Please consult brief summary of Prescribing Information on following page. 


Transderm-Nitro ` iv pti Denias 
nitroglyceri 0.1 mg/hr, 0.2 mg/hr, 0.4 mg/hr, 0.6 mg/h" 
At the heart of nitrate 
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GUEST EDITOR: 
James A. Schoenberger,MD 
_ Chairman, Department of Preventive Medicine 
Rush-Presbyterian St. Luke's Medical Center 
Chicago, Illinois 


This symposium was held on June 29, 1990, in Toronto, Ontario, Canada, and was supported by an educational 
grant from Parke-Davis, a division of Warner-Lambert, Morris Plains, New Jersey. 
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-gwe enter the last decade of the century, there 
no longer can be any doubt that treating hyper- 












se and coronary artery disease. Since 1972, there has 
been more tan : 50%. decline in. age-adjusted stroke 
rtal % decrease in coronary artery disease 
ity The sor issue now is choosing the best treat- 
n for reducing a particular patient’s cardiovas- 
risk. In the past decade, we have learned that there 
much more to reducing cardiovascular risk from high 
blood pressure than just lowering the pressure. The treat- 
[ment strategy must also be designed to have minimal 
impact on the patient’s lifestyle and quality of life, and we 
ust take care not to decrease one risk factor at the 
pense of increasing another. Failure to take these con- 
erations into account could result in lack of patient 
mpliance and reduced benefit from the treatment pro- 

ram. 
Today we have a veritable arsenal of drugs, including 
„antihypertensive agents, antianginal agents, antiarrhyth- 
mic agents, and cholesterol-lowering agents, all of which 
e effective in some patients and not in others. Since the 
late 1970s, two new classes of drugs, the angiotensin- 
ynverting enzyme (ACE) inhibitors and the calcium 
channel blockers, have been added to this armamentari- 
owever, in the 1984 Report of the Joint Commit- 
th e Detection, Evaluation, and Treatment of High 
Pressure, only diuretics and beta blockade were 
mended for first-line antihypertensive therapy. In 
88 Report, the Joint Committee acknowledged 
linical experience obtained since the last report 
ates that both ACE inhibition and calcium channel 

ade are useful for initial therapy. 
CE inhibition, the focus of this symposium, has 
shown to reduce cardiovascular risk without many 
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Introduction 


James A. Schoenberger, MD 





of the adverse effects associated with diuretics, beta 
blockers, and alpha blockers. Of particular interest is 
evidence supporting the existence of local renin--angio- 
tensin systems that appear to participate in cardiovascu- 
lar homeostasis and in the pathogenesis of cardiovascular 
disorders. It has been shown that the blood pressure- 
lowering effects of ACE inhibition, particularly with the 
ACE inhibitor quinapril, could be correlated more close- 
ly with ACE inhibition in aortic tissue than with ACE 
inhibition in plasma. These and other aspects of reducing 
cardiovascular risk with ACE inhibition were presented 
at the 1990 Annual Session of the International College 
of Angiology and will be discussed and reviewed in this 
supplement. 

We trust that the information provided by our distin- 
guished faculty will provide valuable insights into these 
important issues. 
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Components of the renin—angiotensin system, 
and the ability to synthesize these components 
locally, have been demonstrated in cardiovascu- 
lar tissues. Locally generated angiotensin Il may 
affect vascular tone, regional blood flow, cardiac 
contractility, and vascular and cardiac growth. 
Local renin—angiotensin systems may exert 
autocrine and paracrine functions, whereas the 
circulating system serves an endocrine function. 
Use of angiotensin-converting enzyme (ACE) in- 
hibitors has provided further clarification of the 
activities of local renin—angiotensin systems. 
Tissue and systemic effects of these agents may 
prove equally important in determining their clin- 
ical efficacy. Experiments with quinapril demon- 
strated that inhibition of vascular ACE was a 
significant component of the antihypertensive ef- 
fect of the drug. Differences at the tissue level 
may have implications for the efficacy and toler- 
ability of a particular agent. Improved individual- 
ization of therapy may be accomplished by the 
use of newer ACE inhibitors with very favorable 
side effects profiles and tissue specificity. The 
newest agent, quinapril, appears to exert an im- 
portant effect on vascular converting enzyme. 
(Am J Cardiol 1992;69:2C—7C) 
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ecent evidence strongly supports the existence of 

local renin-angiotensin systems that interact 

with the circulating renin—angiotensin system to 
regulate the function and growth of the vascular wall, the 
myocardium, and other tissues important in cardiovascu- 
lar physiology. Such local renin—angiotensin systems are 
the focus of this review. 


VASCULAR RENIN-ANGIOTENSIN SYSTEM | 

The existence of a local vascular renin~angiotensin 
system is suggested by the finding of the essential compo- 
nents of the renin-angiotensin system in the blood vessel 
wall.!~4 Renin-like activity and angiotensins have been 
demonstrated in large and small arteries and in veins. 
Angiotensin receptors have been found in vascular 
smooth muscles and possibly in endothelial cells, whereas 
angiotensin-converting enzyme (ACE) is widespread on 
endothelial and possibly on smooth muscle cells. More- 
over, renin-like activity persisted many hours after plas- 
ma renin activity could no longer be detected in animal 
studies. 

Immunoreactive angiotensin may be found in the 
blood vessel wall due to local synthesis, uptake from 
plasma, or as a result of both processes. A substantial 
amount of the renin in the walls of large vessels appears 
to be taken up from the plasma. In contrast, the presence 
of renin and angiotensin messenger ribonucleic acid 
(mRNA) in vessel walls and the synthesis of renin 
mRNA and angiotensin by cultured vascular endothelial 
and smooth muscle cells indicate local production. of 
renin—angiotensin components.” 

Cardiac renin—angiotensin system: Components of 
the renin-angiotensin system, including renin activity, 
angiotensin and its binding site, and ACE, have also been 
detected in homogenates of the whole heart. Although 
biochemical detection of these components does not dis- 
tinguish between uptake and local synthesis, molecular 
biological studies demonstrating the expression of the 
relevant. genes suggest local synthesis. Renin and angio- 
tensinogen mRNAs have been found in atrial and vyen- 
tricular myocytes, providing convincing evidence of the 
existence of a local endogenous. renin~angiotensin sys- 
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ABLE I Autocrine and Paracrine Functions of the Vascular 
ip-Angiotensin System 














Autocrine Functions Paracrine Functions 













Norepinephrine release 
Vascular contraction 


Vascular contraction 
Prostaglandin synthesis 
Possible EDRF release 


EDRF = endothelial derived relaxant factor. 


| Smooth muscle 
| Endothelial 

















_ Function of the vascular renin-angiotensin sys- 
tem: An endogenous renin—angiotensin system may play 
a major role in the paracrine and autocrine functions of 
the vascular myocyte and endothelial cell, which influ- 
ence vascular tone and therefore blood pressure. Vascu- 
dlar endothelial angiotensin may produce vasoconstriction 
by activating receptors on vascular smooth muscle cells 
d increasing sympathetic tone by facilitation of cate- 
olamine release from noradrenergic nerve endings. 
: ye renin—angiotensin system also stimulates the synthe- 
-sis and release of endothelial prostacyclin and endothelial- 
derived relaxing factor, both of which cause relaxation of 

vascular smooth muscle and vasodilation (Table 1). 

- The net effect (contraction or relaxation) may depend 
on the relative contributions of these mechanisms. Heter- 
_ogenous vascular responses occur in different vascular 
beds and may be physiologically significant, as indicated 
y the observation that ACE inhibition produces differ- 
ent regional blood flow distribution patterns.° 
Large arteries appear responsive to angiotensin II. 

Blockade of angiotensin II production with ACE inhibi- 
tors resulted in increased arterial compliance, further 

supporting the role of the local vascular renin- 

„angiotensin system. 

~The local vascular renin-angiotensin system may also 
contribute to cerebrovascular resistance and autoregula- 

- tion of cerebral blood flow, the latter being the process by 
-which cerebral blood flow is maintained relatively con- 
stant despite changes in arterial blood pressure. An 
_abrupti increase in arterial pressure produces constriction 
_ of cerebral resistance vessels, whereas decreased pressure 
- results in vasodilation. The ACE inhibitor captopril low- 
ered the limits of autoregulation of cerebral blood flow in 
-both normotensive and spontaneously hypertensive rats, 

which may explain the finding that cerebral blood flow is 

preserved despite significant reduction in blood pressure 
< in patients which chronic heart failure.’ 

















S CARDIAC RENIN-ANGIOTENSIN SYSTEM 
Although direct evidence is lacking, strong indirect 
; support exists for the physiologic role of an endogenous 
irdiac renin—angiotensin system in regulating cardiac 
function. A variety of cardiac effects has been observed 
response to administration of exogenous angiotensin. 
sion of angiotensin I into isolated rat heart pro- 












TABLE Il Effects of Angiotensin-Converting Enzyme 
Inhibitors. on the Heart 


Secondary to effects on the vasculature 
Coronary vasodilation 
Systemic arterial and artericlar dilation 
increased venous capacitance 
Primary to effects on the heart 
Possible negative inotropism 
Cardioprotective 
Regression of ventricular hypertrophy and prevention of 
cardiac enlargement 
Reduction of reperfusion-induced ventricular arrhythmias 
No adverse effects 
Cardiac output 
Heart rate 
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duced conversion to angiotensin I as measured in the 
coronary sinus. ACE inhibitors blocked this conversion.® 

The regulation of the cardiac renin-angiotensin sys- 
tem itself seems to be tissue-specific, as indicated by the. 
influence of sodium on tissues important in cardiovascu- 
lar function and its lack of effect on non-cardiovascular 
systems. Sodium depletion resulted in increased renin 
and angiotensinogen mRNA in the heart, stimulation of 
renal and adrenal renin expression but not submandibu- 
lar or testicular expression, and activation of cardiac and 
renal but not hepatic angiotensinogen mRNA.° 

Possible physiologic roles of this local cardiac renin- 
angiotensin system include coronary vasoconstriction, in- 
creased cardiac contractility, production of myocardial 
hypertrophy and possibly hyperplasia, and adverse ef- 
fects on myocardial metabolism and ventricular arrhyth- 
mias during ischemia and reperfusion injury. The use of 
ACE inhibitors, which produced a decreased incidence of 
arrhythmias in humans and cardioprotective effects in 
animals, further indicates the potential role for a cardiac 
renin—angiotensin system and has important clinical im- 
plications (Table II).2° 

The postulated autocrine and paracrine effects of lo- 
cal angiotensin II on cardiac contractility are similar to 
those related to vascular contractility. Use of ACE inhib- 
itors in the isolated perfused rabbit heart with intact 
sympathetic nerves resulted in reduction of sympathetic 
effects, implying inhibition of locally generated angioten- 
sin in the absence of exogenous angiotensins. However, it 
has not been clearly proven that cardiac angiotensin has a 
tonic effect on the myocardium in vivo.4!° 

Local renin—angiotensin systems may also influence 
the development of cardiac hypertrophy. Evidence sug- 
gests that angiotensin can induce hypertrophy and possi- 
bly hyperplasia of vascular myocytes in hypertension, 
which can then contribute to the pathogenesis of cardiac 
hypertrophy. This evidence includes observations that 
angiotensin II produced mitogenic effects on fibroblast 
3T3 cells in vitro and increased growth and proliferation 
of cultured vascular myocytes in serum. Angiotensin H 
also increased protein synthesis and cell mass in cultured 
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_ rat aorta smooth muscle in the quiescent, confluent 


phase. Addition ally, the development of vascular hyper- 
trophy i in Spontaneously hypertensive rats was prevented 





: _ by treatment with the ACE inhibitor captopril.4° 


-A prominent feature of hypertension is thickening of 
arteries and arterioles, predominantly related to increases 
in the total mass of smooth muscle cells. Hypertrophy 
and hyperplasia of the vascular myocyte produce an 
increased wall/lumen ratio, which can act as a positive 
feedback mechanism, perpetuating hypertension by fos- 
tering increased vascular tone. Additionally, an increase 
in the number of polyploid myocytes has been seen, 
which can produce increased cellular mass. ! 11? 

The effects of vascular growth factors (shown to be 
produced by both smooth muscle and endothelial cells) 
may be responsible for some of the changes in the vascu- 
lature seen in hypertension. Morphologic and functional 
changes may occur in endothelial cells in the early phase 
of the development of hypertension. Growth factors from 
endothelial cells may then stimulate growth of vascular 
smooth muscles.!! 

ACE inhibition in patients with essential hyperten- 
sion resulted in a significant increase in arterial diameters 
according to several reports. By contrast, in normal 
healthy volunteers, arterial diameter, blood flow, and 
indexes of arterial stiffness did not change. The contribu- 

- tion of vascular rather than circulating angiotensin in the 
mediation of arterial compliance was suggested by the 
observation that serum ACE activities were inhibited up 
to 95% in both experimental groups.* 


ADRENAL RENIN-ANGIOTENSIN SYSTEM 

The presence of angiotensinogen mRNA has been 
demonstrated in adrenal glands.‘ It is likely that adrenal 
angiotensin serves to regulate aldosterone biosynthesis. 
Support for the role of the adrenal renin~angiotensin 
system derives from observations that aldosterone secre- 
tion correlated closely with renin activity in rat adrenals, 
and adrenal renin levels were increased in spontaneously 
hypertensive rats. Furthermore, the angiotensin antago- 
nist saralasin inhibited basal secretion of aldosterone in 
isolated adrenal glomerulosa cells.* 

ACE inhibitors have been shown to have a direct 
effect on the local production of angiotensin H. In their 
study of the adrenal tissue effects of enalapril in rats 
placed on a low sodium diet, Braley et all? demonstrated 
a significant reduction of plasma aldosterone secreted by 
the isolated glomerulosa cells of 13 rats pretreated with 
the ACE inhibitor. These findings suggested a local ef- 
fect.on the production of angiotensin H. 


ANGIOTENSIN-CONVERTING 

ENZYME INHIBITORS 
iG ACEi inhibitors are important therapeutic options for 
| reatment of patients with hypertension: ACE inhibi- 









tion results in arteriolar dilation, which reduces total - 
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peripheral resistance and therefore decreases arterial - 
blood pressure. Reflex expansion of intravascular volume 
and cardiac stimulation do not occur. Renal blood flow _ 
and glomerular filtration rate are preserved, while dila- 
tion of both efferent and afferent glomerular arterioles is 
produced with reduced glomerular hydrostatic pressure» 
and renal filtration fraction. Cardiac mass and wall: 
thickness are also reduced by ACE inhibitors, the actions 
of which appear to involve the autocrine / paracrine func- 
tions of local tissue renin-angiotensin systems.? 

Mechanisms of action: The vascular and cardiac — 
effects of ACE inhibitors may be the result of 1 of several 
mechanisms. They may inhibit the production of circu- 
lating or local converting enzyme, prevent bradykinin. 
degradation, stimulate prostaglandin synthesis, or inhibit 
catecholamine release. Studies with a variety. of agents 
suggest that the observed. effects on coronary flow may 
be attributable to 2 mechanisms. 1 dependent on and the 
other independent of ACE activity.® 

Vascular effects: Among the vascular effects of 
ACE inhibition is the increase in arterial compliance seen 
with both short- and long-term administration of these 
agents, whereas therapy with captopril and enalapril pro- 
duced increased compliance in the systemic and brachial. | 
circulations. This augmentation by ACE inhibitors of the 
buffering effect of large arteries may reduce vascular 
injury from the shear force of hypertension (which may 
initiate the atherosclerotic process in these vessels).* 

ACE inhibitors can also reduce vascular and cardiac 
hypertrophy in hypertension. Captopril (but not pro- 
pranolol or hydralazine) prevented the development of 
vascular hypertrophy in spontaneously hypertensive rats 
in vivo. ACE inhibitors reduced both cardiac hypertro- 
phy and blood pressure, whereas hydralazine reduced 
blood pressure but did not affect ventricular hypertro- 
phy.4 

Heart effects: ACE inhibitors have also been shown 
to produce vasodilatory effects in isolated perfused rat 
hearts independent of circulating angiotensin IT (which 
causes coronary vasoconstriction). This vasodilation may 
have resulted from blockade of production of coronary 
vascular tissue angiotensin II, or activation of other 
mechanisms, such as biosynthesis of vasodilatory prosta- 
glandin.® 

In addition to their vascular effects, ACE inhibitors 
can induce regression of ventricular hypertrophy, prevent 
ventricular enlargement, and reduce reperfusion injury-. 
induced ventricular arrhythmias, among other cardio- 
protective effects. The effects of the ACE inhibitor were 
presumably on local tissue systems, as implied by the use 
of the isolated rather than in situ preparation.46!° | 

Tissue effects and efficacy: Experiments with the 
ACE inhibitor quinapril suggest that inhibition of vascu- 
lar. ACE ‘was more important} than plasma ir inhibition i in 











antihypertensive effect of he die Plasma and ti tissue 
ctivity were inhibited in a dose-dependent manner 
ole brain ACE activity was not altered. Inhibition 
asma activity did not correlate well with the antihy- 
ensive effect of quinapril, whereas aortic ACE inhibi- 
was better correlated'4 (Figure 1). These results are 
asistent with the hypothesis that tissue ACE inhibition 
the major site of action for quinapril. 
Adverse effects: ACE inhibitors as a class seem to 
generally free of serious side effects. Cough, an annoy- 
ing side effect, disappears with discontinuation of the 
drug. A possible mechanism is the increased level of 
circulating kinins from ACE inhibitor activity. There 
appear to be no adverse effects on serum lipid levels, 
carbohydrate metabolism, or potassium and uric acid 
is. However, there is a risk of renal failure in some 
tients with bilateral renal arterial disease or unilateral 
€ e with 1 kidney, as the autocrine/paracrine auto- 
latory adaptive mechanisms of the opposite kidney 
lacking. 
It has also been shown in patients with severe chronic 
heart failure'S and in others with hypertension!® that 
-enalapril may have more adverse effects on renal func- 
-tion than captopril or quinapril. In 16 patients treated 
h captopril the mean creatinine clearance was 55,2 + 
mL/min, whereas in 18 patients treated with enala- 
e mean creatinine clearance was 44.2 + 5.3 mL/ 
In hypertensive patients (586 in all), the investiga- 
‘ound that twice-daily dosing with quinapril or enal- 
l resulted in elevated serum creatinine levels in 6 and 
8% of patients, respectively. On the other hand, with 
: once-daily dosing elevated serum creatinine was found in 
_ 1% of quinapril patients but in 5% of enalapril patients. 
o These data were taken to suggest that once-daily dosing 
with: quinapril permitted restoration of ponent filtra- 
T ion Pee before the next scheduled dosing. !6 
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TABLE HI The “Ideal” Antihypertensive Agent 


Efficacy in suitable clinically identifiable patient groups 
Efficacy as monotherapy 
Well tolerated 


Low incidence of side effects, especially on lipid levels and quality oflife 
Convenient adminstration 

Action compatible with other antihypertensive agents 

Cost-effective and low. total-cost 


MANAGEMENT OF HYPERTENSION 

The mechanisms of action of currently available anti- 
hypertensive agents vary, as do the pathophysiologic pro- 
cesses responsible for hypertension. Five classes of 
agents--ACE inhibitors, 6 blockers, calcium antago- 
nists, peripheral a-adrenergic receptor blockers, and thi- 
azide diuretics—-may be appropriate monotherapy in se- 
lected patients. Because of the differences among these 
agents, therapy can be individualized on the basis of such 
factors as patient age, sex, and race; existence of concom- 
itant disease; prior antihypertensive treatment (effective- 
ness and presence of side effects); and type of hyperten- 
sion. 

Individualization of therapy: The “ideal” antihyper- 
tensive agent should be characterized by proven efficacy 
(alone or in combination with other agents) in a suitable 
clinically identifiable group of patients. Blood pressure- 
lowering effects should not be accompanied by signifi- 
cant metabolic side effects (particularly on blood lipid 
levels). Administration of this agent should not impair 
other organ systems or the patient’s quality of life. Con- 
venience of administration and titration (with a dose- 
response profile that allows ease of titration without addi- 
tional side effects), action compatible with that of other 
antihypertensive drugs, cost-effectiveness, and ready 
availability at low total cost are other important charac- 
teristics of the ideal agent (Table II1).'7!8 
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‘TABLE IV Serum Lipids and Lipoproteins in Hypertensive 
-Patients {n = 15) Treated with Quinapril for One Year 





One Year* 
{mmol/liter} 


Baseline 
(mmol /liter) 









Cholesterol 






2.3 







Triglycerides 2.2 
HDL 1.28 1.26 
LDE 41 4.2 
HDL /LDL 0.34 0.34 








Reproduced by permission from Koskinen et af.!9 
* Differerices between baseline and 1-year values were not statistically significant. 
HOL-* high-density lipoprotein cholesterol; LOL = low-density lipoprotein choles- 
terol: 





Vasodilators and angiotensin-converting enzyme 
inhibitors: Among the available antihypertensive 
agents, vasodilators (ACE inhibitors, a-adrenergic re- 
ceptor antagonists, and calcium antagonists) possess de- 
sirable characteristics that make them particularly suit- 
able for initial therapy in many patients with hyperten- 
sion. They specifically correct a basic pathophysiologic 
abnormality of hypertension by decreasing systemic vas- 
cular resistance. 

Vasodilators do not adversely affect cardiac perfor- 
mance during physical activity, an important trait in view 
of the utility of the nonpharmacologic therapy of regular 
exercise. They may favorably influence the development 
of left ventricular hypertrophy, considered to be an inde- 
pendent and significant risk factor for subsequent cardio- 
vascular mortality and morbidity. !” 

Moreover, the potential cardioprotective effect of 
ACE inhibitors, the hypocholesterolemic effect of a-ad- 
renergic receptor antagonists, and the beneficial effect of 
calcium antagonists on left ventricular function add fur- 
ther support to the use of these agents. An additional 
major benefit of ACE inhibitors is that they affect a 
specific mechanism regarded as important in the patho- 
genesis of hypertension. Blockade of tissue as well as 
circulating ACE may contribute to their efficacy and 
specificity >+!7 

Adverse effects: A substantial portion of the hyper- 
tensive population has elevated plasma total cholesterol 
levels and may therefore require pharmacologic therapy 
for hypercholesterolemia. However, drug-induced in- 
creases in blood lipid levels may carry the same risk as 
dietary increases. It is important, therefore, that the 
ACE inhibitors captopril, enalapril, and quinapril do not 
appear to affect atherogenic blood lipoprotein levels ad- 
versely (Table TV).!9 

The side effects profiles of ACE inhibitors (e.g., cap- 
topril, enalapril, and quinapril) are generally favorable. 
In addition to cough; common side effects are headache, 
dizziness, fatigue, and nausea and vomiting. Angio- 
edema is a rare but potentially serious side effect 
-i valgo. 2021 


















_ Although quinapril had the lowest incidence of side 
effects compared to captopril and enalapril in double- 
blind studies, all of these agents were well tolerated.” 
Analysis of quinapril in 2,010 patients showed the drug 
to be equally well tolerated in young and elderly hyper- 
tensive. patients, with a low incidence of rash and no 
neutropenia or agranulocytosis. The incidence and mag- 
nitude of hypotension and proportion of patients with 
“first-dose” hypotension or symptomatic hypotension 
was similar to that reported for captopril and enalapril.?? 
In another comparative study of enalapril and quinapril 
in mild-to-moderate hypertension, more patients with- 
drew because of adverse effects with enalapril, suggesting. 
that quinapril may have a somewhat better side effects 
profile.” 

Cost of treatment: The total cost of therapy involves 
more than initial drug costs. It includes costs of laborato- 
ry monitoring and additional treatment of complications 
of therapy. Against these costs must be balanced the 
“savings” in terms of prevention of sequelae of hyperten-: 
sion, improvement in quality of life, and possible exten- 
sion of life.!7 

Although ACE inhibitors may be more costly in 
terms of initial drug cost, they probably prove less costly 
for many patients in the long term compared to other 
antihypertensive agents, because they attack a basic 
cause of hypertension, and have a very favorable side 
effects profile. 

Differences among angiotensin—converting en- 
zyme inhibitors: Individual ACE inhibitors may differ 
in their effects on specific local renin-angiotensin sys- 
tems and in their side effects profile. The advent of newer 
agents, particularly those with improved side effects pro- 
files, e.g., quinapril, will allow for further individualiza- 
tion of therapy. Future knowledge about the circulating 
and local renin—angiotensin systems should assist in de- 
signing treatment tailored to the needs of the individual 
patient.*4 





CONCLUSION 

ACE inhibitors appear to exert their principal action 
at local tissue sites. Differences among these agents may 
be related to differences in inhibition of converting en- 
zyme produced at the tissue level: this may have impor- 
tant implications for the efficacy and tolerability of a 
drug. Management of hypertension and design of new 
drugs will probably need to be based on considerations of 
the activity of potential therapeutic agents at both the 
circulating and local levels of the renin-angiotensin sys- 
tems. : 

In the heart, it has been shown that local angiotensin 
may influence both myocardial function and growth. 
The development of cardiac hypertrophy in patients with 
hypertension may be related to the activities of both 
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cardiac ani vascular. renin-angiotensin systems. Use of 
_ACE inhibitors has added further evidence for the role of 
cal renin—angiotensin systems in cardiovascular physi- 
ogy and ee 
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` This review compares the metabolism and phar- 

macokinetic profiles of captopril, the first orally 

active angiotensin-converting enzyme (ACE) in- 

_ hibitor, and 2 newer ACE inhibitors, enalapril 
and quinapril. Captopril differs from both enal- 
april and quinapril in that its chemical structure 
contains a sulfhydryl group, the presence of 
which may be important in the development of 
adverse reactions. Captopril also differs from 
enalapril and quinapril in its ability to be metabo- 
lized in plasma. Enalapril and quinapril are both 

; de-esterified, most likely in the liver, to their ac- 

tive metabolites, enalaprilat and quinaprilat. Ali 


a 3 ACE inhibitors are eliminated primarily via re- 







-nal excretion, and renal dysfunction markedly in- 
_ @reases the area under the time versus plasma 
concentration curves. Hepatic dysfunction also 


~~ ‘glows the conversion of enalapril and quinapril to 


their active metabolites. There is evidence that 
~~ both captopril and enalapril, but not quinapril, 
may accumulate with repeated dosing. The phar- 
macokinetics of these agents are not significant- 
ly modified by co-administration of other drugs. 
However, captopril does cause marked increases 
in trough plasma levels of digoxin. Overall, the 
pharmacokinetic profiles of captopril, enalapril, 
and quinapril make them suitable for a wide 
range of patients with hypertension or conges- 
tive heart failure. 

(Am J Cardiol 1992;69:8C-—16C) 





From Casé Western Reserve University, Mt. Sinai Medical Center, 
Cleveland, Ohio. 

Address for reprints: Victor Vertes, MD, Department of Special 
: : < Programs, Mt. Sinai Medical. Center, 1 Mt. Sinai Drive, Cleveland, 
mats Ohio 44106, feu 






oe JOURNAL OF CARDIOLOGY VOLUME 69 APRIL 2, 1992 _ 


the risk of cardiovascular morbidity, disability, 

and premature death.' Administration of angio- 
tensin-converting enzyme (ACE) inhibitors is 1 of the 
newest medical approaches to the treatment of hyperten- 
sion, and this class of drugs is becoming an increasingly 
popular first choice in pharmacologic management.*3 
ACE inhibitors are prescribed to greater numbers of a 
wider variety of patients with hypertension. 

Informed decisions as to which of the agents in this 
class is most appropriate for a particular patient should 
take into account the metabolism, pharmacokinetics, and 
potential drug—-drug interactions of the agents under con- 
sideration. Whereas the metabolism and pharmacokinet- 
ic properties of captopril, enalapril, and quinapril have all 
been described singly,4-’ they have never been summa- 
rized and compared in a single report. This review pro- 
vides such a comparison. 


C ontrol of hypertension is.a key factor in reducing 


THE PHYSICAL CHEMISTRY OF 
CAPTOPRIL, ENALAPRIL, AND QUINAPRIL 

The structural formulas of captopril, enalapril, and 
quinapril are shown in Figure |. Captopril (1-[(2.S)-3- 
mercapto-2-methylpropional]-.-proline), the first orally 
active ACE inhibitor, contains a sulfhydryl group that 
distinguishes it from both enalapril and quinapril. This 
difference may be important with respect to potentially 
adverse reactions since sulfhydryl compounds have been 
associated with a high incidence of undesirable side ef- 
fects such as taste disturbances, rash, nephropathy, and 
neutropenia.” Rash has been observed in about 5% of all 
patients treated with captopril.’ In contrast, a recent 
review” reported that only 2% of a sample of over 2,000 
patients treated with quinapril experienced dermatologic 
reactions. 

Enalapril maleate (1-[N-[1-(S)-(ethoxycarbonyl)-3- 
phenylpropyl}-.-alanyl}-.-proline, (Z)-2-butenedioate 
(1:1) salt) is a relatively weak nonsulfhydryl ACE inhibi- 
tor. It is readily hydrolyzed to its more potent metabolite, 
enalaprilat, thereby aching: significant inhibition of 
ACE activity.!° 

Quinapril hydrochloride (BS-2(R* R J2 - 
(ethoxycarbony!)-3-phenylpropylJamino} l -oxopropyl}- 
1,2,3,4-tetrahydro-3-isoquinolinecarboxylic acid 
naonohydrochloride) is an orally active nonpeptide, non- 
sulfhydryl ACE inhibitor, It contains a tetrahydroquino- 









-lone moiety and is an isomer with the S configuration at 
__all 3 asymmetric carbons, Like enalapril, quinapril must 
_ be de-esterified to its major metabolite, quinaprilat, to 
-develop a high degree of ACE inhibitory activity.’ How- 
ever, quinapril has nearly 400 times more ACE inhibito- 
ry activity than enalapril (Table 1). 








THE MET. ‘ABOLISM OF CAPTOPRIL, 

: ENALAPRIL, AND QUINAPRIL 

-The metabolism of captopril is relatively complex. 
_ After absorption, it is oxidized in plasma to several forms, 
_ including a disulfide dimer and mixed disulfides with 
_ endogenous thiol compounds. It is also likely that capto- 
_ pril and its pool of metabolites undergo reversible inter- 
conversions. ! +1? Captopril and its metabolites are excret- 
_ ed primarily by the kidneys, with lesser elimination in 
_ feces. Kripalani et al!? reported that 86% of the total 
radioactivity administered in the form of labeled capto- 
was recovered in the urine (68%) and feces (18%). 
24-hour urinary samples consisted of 58% un- 
anged drug, 2% captopril disulfide, and 40% unidenti- 
-fied polar metabolites. Studies in rats administered ra- 
- diolabeled captopril! ! have demonstrated that the drug is 
oe distributed throughout the entire body with the exception 
__ of the central nervous system. 

The metabolism and excretion of enalapril and quina- 
€ quite similar and somewhat simpler than those of 
ril; Enalapril is absorbed by the gastrointestinal 
and is de-esterified in the liver to its active form, 
ilaprilat. Postabsorptive hydrolysis may also occur in 
_ the mucosal lining of the gastrointestinal tract, but this 
__ has not as yet been confirmed.'! Ulm et al’? reported that 
_ 94% of the administered dose of radiolabeled enalapril is 
recovered as either enalapril or enalaprilat. Thus, in con- 
trast to the multiple metabolites of captopril, enalapril 
appears to have only I major metabolite. As in the case of 
- captopril, excretion of enalapril and enalaprilat is pri- 
- marily renal, with recovery of 61% of the administered 
-dose of enalapril in urine-—18% in the form of enalapril 
and 43% as enalaprilat. In addition, 33% of the adminis- 
tered dose is recovered in feces (enalapril = 6% and 
-enalaprilat = 27%). 

After either oral or intravenous administration in the 
rat and guinea pig, quinapril is metabolized to quin- 
_aprilat by nonspecific esterases that are not present in 

~ human plasma, suggesting that conversion of the parent 
compound to quinaprilat probably occurs in the liver or 
gastrointestinal tract in humans.’ The fact that hepatic 
insufficiency associated with cirrhosis slows conversion of 
quinapril to quinaprilat'* is consistent with the conclu- 
sion that the primary step in human quinapril metabo- 
_ lism occurs in the liver. In addition to quinaprilat, there 
-are 2 minor and inactive diketopiperazine metabolites of 
— quinapril, PD 109488 and PD 113413.’ 
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TABLE 1 in Vitro inhibition of Unpurified Angiotensin- 
Converting Enzyme from Guinea Pig Serum and Human 
Placenta 
Cso (M) 
Normotensive 
Human 


8.4 X 1078{3) 


Hypertensive 
Human 


8.2% 10-5 (3) 


Compound Guinea Pig 


8.3.x 1079 (4) 








Quinaprit 


Quinaprilat 28x107% (4). .6.4x10°19(3) 5.9 x 107193) 
Enalapril 1.41077 (4) 040x1073) 32x107 3) 
Enalaprilat  3.-LX103(4) 4.3 x10703) = 3.8 x 107") 
Captopril 13x 1078 (4). 1.2 x 10°? (3) Not tested 





Reproduced by. permission from: Kaplan et al.’ 
The number of concentration-respanse curves for each compound is shown in 


parentheses. 
Cso la = concentration of compound to produce 50% inhibition of converting 
ivity. 


enzyme acti 


After ['4C]quinapril is administered either orally or 
intraperitoneally, radiolabel distributes rapidly and ex- 
tensively to all tissues except brain.'4 Radiolabel is also. 
rapidly lost from all tissues except those rich in ACE _ 
(e.g., lung and kidney). The primary route for quinapril 
and quinaprilat elimination is renal. An important pró- 
portion of the drug is eliminated in the feces, however, as 


demonstrated by the recovery of radiolabel after admin- a 


istration of [!4C]quinapril in healthy human volunteers: 


61% of radiolabel was recovered in the urine and 37% in o 
the feces.'4 This observation may have some significance = 


for the treatment of hypertensive patients with mild to 
moderate renal failure, because the biliary route of elimi- 
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counteract any tendency for a build-up of the 
a drug due to menal insufficiency. 





S PHAI :MACOKINETICS OF CAPTOPRIL, 
o ENALAPRIL, AND QUINAPRIL IN 
NORMAL SUBJECTS 
Phe pharmacokinetic properties .of enalapril and 
_ quinapril are straightforward and compatible with sin- 
gle-compartment models. Maximum plasma concentra- 
tion (Cmax) and area under the curve from zero to infinity 
(AUC . æ) are linearly related to dose whereas elimina- 
tion half-life (71/2) is independent of dose. 
The pharmacokinetics of orally administered capto- 





pril have been evaluated by several investigators.'3!51¢ 


Its pharmacokinetic profile, including both its Cmax and 
AUC).«., is linear for doses ranging between 10 and 150 
mg. Kripalani et al!’ reported that, after oral administra- 


tion of 100 mg of [2°S|captopril, the Cmax for unchanged — 


drug in the blood was 800 ng/mL and the AUCo..,. was 
1,150 ng X hour/mL. The values for total radioactivity 


(captopril and all of its metabolites) were 1,580 ng/mL 


and 7,160 ng X hour/mL, respectively. Time to maxi- 
mum concentration (Tmax) for captopril and for total 
‘radioactivity was | hour. The time versus plasma concen- 
tration curves from this study are shown in Figure 2, 
Because captopril has an extensive metabolism, analysis 
of the elimination of this drug requires a triexponential 
model. The half-life for the 8 phase of elimination is 
reported to be 1.93 hours.!5 
: | The pharmacokinetic properties of enalapril in 
<o healthy subjects have also been described by a number of 
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investigators. 17-20 The observations. of: Swanson et al? 
are typical. These investigators administered 40 mg enal- 

april to 12 healthy individuals, 23-37 years of age, and 
measured enalaprilat concentrations in serum (Figure 3). 

Values for Coro Toas and AUC from 0-24 hours: 
(AUC.24) were 154 ng/mL, 3.3 hours, and 1,209 ng X 

hour/ml., respectively. More recently, Ishizaki et al!? 

administered 10 mg enalapril orally to 7 healthy subjects, 

aged 27-39 years, and used radioimmunoassay to deter- 

mine serum levels of enalapril and enalaprilat. In this 

study, Crax Values for enalapril and enalaprilat were 66.9 
and 46.1 ng/mL, respectively. The Tmax for enalapril 
was 1.0 hour and for enalaprilat it was 3.7 hours. 
AUCo- also differed for enalapril (122.9 ng X hour/ 

mL) and enalaprilat (375.4 ng X hour/mL). The elimi- 

nation half-lives of enalapril and its primary metabolite 

were 0.63 and 3.88 hours, respectively. 

Olson et alf have carried out the most extensive phar- 


~macokinetic study of quinapril to date. They adminis- 


tered. single oral doses ranging from 2.5 to 80 mg in 
healthy volunteers, aged 21-72 years, and evaluated 
plasma concentrations of both quinapril and quinaprilat. 
Mean plasma concentration versus time profiles for quin- 
aprilat at each dose of the parent drug are shown in 
Figure 4. Both Cmax and AUC... were directly propor- 
tional to amount of drug administered (Table IT). There 
was no detectable concentration of quinapril after the 2.5 
mg dose because of its rapid conversion to quinaprilat. 
After the 80-mg dose, Cmax for quinapril was 536 ng/ 
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FIGURE 2. Mean + standard error of the mean of concentra: 
-o Wons of lota < , captopril, and captopril disulfide in 
od (n= 10). (From Kripal et aLi 








healthy subjects (n= 12). (From Swanson et al.!7) 










‘ABLE IE Mean (RSD%) Quinapriland ‘Quinaprilat Pharmacokinetic Parameter Values Obtained for 2.5, 10, 40, and: 80 mE: 


april Administered as Single Daily Doses 





Quinapril Dose (mg) 











25 
“Cmax (n@/ML) 
coe Quinapril ND 
Quinaprilat 41 (31)- 
Tina Cours) 
Quinapril ND 
coe Quinaprilat 2.1.35) 
AUCo..« (ng x hour /mAL) 
Quinapril ND 
; Quinaprilat 167 (35) 
è Az (hours7!) 
Quinapril ND 
Quinaprilat 0.334 (21) 
h 12 (hours) 
Quinapril ND 
Quinaprilat 21 
‘A@o.72(%) 
Quinapril ND 
Quinaprilat 25(26) 


10 40 80 
65 (46) 207 (43) 536 (73) 
223(27) - ` 923 (30) 1,76045) 
0.7 (36) LAGE o 0.9060) 
1.623) < 2339) 150D 
9342). geal). 61763). 
803 (29) --3,386(29) -176,2123 
0.894 (32) o 0753@1) 0.83529) | 
0.37619). < 0365016) 0.368 (20) 
078. 092 : 083 ` 
JES: ro 19 
: 3.7(40) 3.1038) 3.4(54) 
2 27 (42) 29 (35) 





rr by permission tram Olson et al.® 


Aegi = urinary excretion from time G to 72 hours after dose expressed as a percent: of dose: AUC§..< = area under the Piao concentration: time curve fram time 0 to infinity: 
Cia = Maximum observed plasma concentration: ND = not determined because of low concentrations; RSD% = percent relative standard deviation; Tna * time. of Cag tiyg = 8p- 


parent elimination Half-life; z= apparent elimination rate constant. 








mL. The Cmax values for quinaprilat at these 2 doses of | 
ENALAPRIL, AND QUINAPRIL IN 


: parent drug were 41 and 1,760 ng/mL, respectively. 







red with an AUC... of 677 ng X hour/mL for 
j g dose. The values for quinaprilat at these 2 
S 167 and 6,212 ng X hour/mL, respectively. 
Both Taa and ft) ;2 were independent of drug dose. Times 
to maximum concentration ranged between 0.7 and 1.4 
hours for quinapril and 1.5 and 2.3 hours for quinaprilat. 
The elimination half-lives for quinapril varied between 
0.78 and 0.92 hour and those for quinaprilat ranged 
between 1.8 and 2.1 hours. Ferry et al?! evaluated the 
pharmacokinetics of a 40-mg oral dose of quinapril in 
healthy males, aged 22-49 years, and reported results 
me similar to those of Olson et al. 
While the single-dose pharmacokinetics of enalapril 
' and quinapril appear to be very similar, some differences 
are apparent with repeated dosing. Olson et al® have 
demonstrated that there is no accumulation of quinapril 
or quinaprilat when 20 mg of the parent drug is adminis- 
tered daily for 4 days. Lees and Reid!’ observed a >50% 
increase in Cmax for plasma enalaprilat after administra- 
tion of 10 mg of the parent drug to healthy volunteers for 
a period of 8 days. There was also a significant reduction 
in Tmax after repeated administrations of enalapril. Cur- 
rently, it is unclear whether captopril accumulates with 
repeated dosing. McKinstry et al?? observed no accumu- 
lation during 10 days of administration of captopril (300 
_mg/day) to hypertensive patients with normal renal 
function. On the other hand, Jarrot et al” reported a 
_ significant increase in the AUC for unchanged captopril 
after 6 months of treatment in hypertensive patients. 
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(PHARMACOKINETICS OF CAPTOPRIL, 


SPECIAL PATIENT POPULATIONS 

Special care must be taken to ensure that dosing of 
any drug, especially those that influence cardiovascular 
function, is commensurate with any changes in pharma- 
cokinetic profiles that might occur with age or any other - 


conditions that might be expected to impair metabolic = 0 07 


function, 
The pharmacokinetic profile of captopril is apparent- 
ly unaffected by age. Creasey et al“* reported that values 
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: TABLE m individual Oral Enalapril Kinetic Parameters in Young and Elderly Subjects 
OAR ge “ ng hour mL (hrs) ny mL) GLIFE 

| Young subjects i 
yi 1,097 2. 129 9.12: spe TE 0.81 
Y2 595 4 48 1692 i : ee 
Y3 554 2 40 18:050 0.36 
Y4 768 8 64 13.02. 055... 
Y5 707 4 64 14,14. 0.59 
y6 763 4 105 13.41 0.77 
Y7 476 6 50 21.01 0:55 
Ys 657 4 54 15.22 0.48 
Y9 889 4 60 11,25 0.82 i 
Mean + SD 772+ 188 341 68 + 29 14.65 + 3.62 0.6240.16". 

Elderly subjects Eh 

El 820 2 197 12.20 0:82: 
E2 1,253 4 83 7.98 “0.65: : 
E3 1,046 2 120 9.56 0.65 
E4 710 8 142 14.08 0.39 
E5 1,746 4 36 5.73 0.84 
EG 714 4 149 14.01 053 
E7 867 6 59 11.53 O44 . 
E8 938 4 47 10.66 “0.61 
E9 877 4 77 HLAO., 0,60 
Mean. SD 997 + 332 4+2? 101 +54 10.79 42.72 0.61 +0.15 
p value <0.05 NS NS <0,05 NS 

| Reproduced by. permission from Hockings et al.2> | 

$ CL = clearance: F = absolute bioavailability, NS = not significant; SD = standard deviation; other abbreviations as in Tatile ff. 





for Cmax: Tmax, AUC and t/z in healthy subjects be- 
tween 65 and 76 years of age given 100 mg of captopril in 
a single oral dose were not significantly different from 
those observed for an historical control group of healthy 
subjects between 18 and 35 years of age. This was true 
although there was.a 36% reduction in renal clearance in 
the elderly volunteers. 

Hockings et al? compared the pharmacokinetics of 
enalapril and enalaprilat in 9 healthy volunteers aged 22- 
30 with those in elderly subjects between 65 and 73 years 

-of age. The AUCs for both enalapril and enalaprilat were 
significantly increased in the elderly subjects (Table ITI). 
These changes were associated with significant reduc- 
tions in the clearance of both the parent drug and its 
major metabolite in the elderly subjects. Hockings et al? 
concluded that these pharmacokinetic changes were 
most likely the result of an age-related decline in renal 
function. The findings of Hockings et al?5 have been 
confirmed recently by Lees and Reid.'8 

The pharmacokinetic profile of quinapril changes 
slightly in elderly patients, but the alterations that have 
been observed are all predictable based on the reductions 
in renal function observed in these individuals. Two stud- 
ies'* have compared the pharmacokinetic profiles of 
quinapril in 29 elderly individuals (average age = 73 
years) with moderate hypertension and in 30 young sub- 
jects (average age = 25 years). Creatinine clearance, 
used to assess renal function in both groups, averaged 99 
and 62 mL/min in the younger and older subjects, re- 
spectively. In the elderly patients, there was a decrease in 
both the hydro o gu apail t to hinaprilat and in the 


RDIOLOGY VOLUME 69 APRIL 2, 1992 








d ! 


elimination of quinaprilat. The net result of these 2- 
changes was a 27% increase in the Cmax and a 50% 
increase in the AUCo- in the older patients. The de- 
creased rate of quinapril elimination in the older patients 
was well predicted on the basis of changes in renal func- 
tion. Thus, as in the case of enalapril, declining renal 
function associated with advancing age rather than age — 
itself is the primary cause of the change in the pharmaco- < 
kinetic profile of quinapril in elderly patients. Clinically, 
quinapril has been shown to be: equally effective i in elderly — 
and younger hypertensive patients. 

Since renal excretion is the primary means of efiviina- 
tion of captopril, enalapril, and quinapril, it is not surpris- 
ing that renal insufficiency has been shown to alter the 
pharmacokinetic profiles of these agents. 

Studies involving captopril? have shown that absorp- 
tion of the drug is generally not altered in patients with 
renal impairment but that clearance of the drug is signifi- 
cantly reduced and closely correlates with the degree of 
renal impairment determined by measurements of creat- 
inine clearance.” Reduced captopril clearance results 
in significant increases in AUC for patients with renal 
insufficiency; captopril doses for such individuals should 
be reduced. 

Renal insufficiency also alters the pharmacokinetic 
profiles of enalapril and enalaprilat. #3" Reduced clear- 
ance of both the parent drug and its metabolite and large 
increases in the AUC have been observed in patients with 
renal insufficiency who have been treated with enalapril. 
For example, Lowenthal et al?’ reported that AUC from 
0 to 48 hours (AUCo.4g) for enalaprilat was 409 ng X 








hour / mL in healthy subjects receiving a 10-mg dose of 
enalapril, compared with 1,986 ng X hour/mL in pa- 
tients with mild to moderate renal insufficiency (Figure 
_5). Thus, as for captopril, the dosing regimen of enalapril 
in patients with renal impairment should be adjusted to 
_teflect the reduced clearance of both the parent drug and 
its metabolite. In a related study, Baba et al?! demon- 
strated that the renal clearance of enalaprilat was re- 
duced and AUCp-24 increased i in diabetic patients with 
persistent proteinuria and reduced glomerular filtration 

Tates. 

Because of the similarities in the metabolism of enal- 
april and quinapril, it is not surprising that clearance of 
-quinapril is also somewhat reduced in patients with renal 
insufficiency. Horvath et al*? administered 20-mg oral 
doses of quinapril for 7 days to patients with normal renal 
s function or mild, moderate, or severe renal impairment. 
These investigators observed that impaired renal func- 
tion was associated with small decreases in quinapril 
clearance, which ranged between 2,095 mL/min in sub- 
-jects with normal renal function and 1,255 mL/min in 
patients with severe renal dysfunction. As might be ex- 

pected, this change was associated with a significant 
increase in quinapril AUC... to 166 ng X hour/mL in 
` normal subjects and 296 ng X hour/mL for the patients 
ith severe renal insufficiency. Similar changes were 












U mL/min in normal subjects and 21 mL/min in 
with severe renal dysfunction. The AUC... for 
-quinaprilat in these 2 groups was 1,856 and 18,700 ng X 
hour/mL, respectively. The elimination half-life of quin- 
aprilat in normal patients was 2.3 hours compared to 
11.6 hours in patients with severe renal impairment. 
In summary, patients with renal insufficiency exhibit 
decreases in the elimination of captopril, enalapril, and 
quinapril. These data indicate that doses of all 3 drugs 
should be reduced in patients with renal impairment. 
_ Hepatic insufficiency markedly alters the metabolism 
and thus the pharmacokinetics of numerous drugs. 
Therefore, it might be expected that hepatic dysfunction 
would change the pharmacokinetic profiles of both enal- 
april and quinapril since they are hydrolyzed to their 
active metabolites in the liver. Captopril, on the other 
hand, is metabolized in plasma, and hepatic dysfunction 
might be less likely to alter its pharmacokinetic profile. 
Larmour et al?3 have shown that the de-esterification of 
enalapril in vitro is slowed in patients with a history of 
hepatic dysfunction. Ohnishi et al?° demonstrated the 
same effect on the metabolism of enalapril in patients 
with cirrhosis. In these patients, Cmax and AUC were 
significantly increased for enalapril and were significant- 
ly decreased for enalaprilat. The pharmacokinetics. of 
-_quinapril and quinaprilat have been examined in a small 
number of patients with hepatic insufficiency resulting 
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from cirrhosis.'4 In these patients, a reduced rate and 
extent of quinapril hydrolysis to quinaprilat were associ- 
ated with higher plasma concentrations of quinapril and 
lower plasma concentrations of quinaprilat. The subse- 
quent elimination of quinaprilat was unaffected in. these 
patients. To our knowledge, the effects of hepatic insuffi- 
ciency on the pharmacokineties of captopril have not 
been examined. 

The pharmacolanitit profiles of captopril, enalapril, 
and quinapril have been examined in patients with hyper- 
tension or congestive heart failure. Cody et al>4° report- 
ed that the single- and multiple-dose pharmacokinetics of 
captopril in patients with chronic congestive heart failure 
were not substantially different from those observed in 
normal subjects (Figure 6). They observed no accumula- 
tion of either captopril or its metabolites after daily doses 
of 25 mg. Richer et al? evaluated the single-dose phar- 
macokinetics of captopril in hypertensive patients and 
reported data that were consistent with values that have 
been reported for normal subjects. In another study of 
patients with hypertension or congestive heart failure, 
Schwartz et al?’ reported several abnormalities in both 
groups, including increased AUC disproportionate to 
dose increases. In the patients with congestive heart fail- 
ure, clearance of both enalapril and enalaprilat was sig- 
nificantly reduced relative to that in patients with hyper- 
tension. The pharmacokinetics of quinapril have also 
been examined in patients with chronic hypertension. '4 
The data from these patients corresponded closely with 
those from normal subjects. It should be noted that the 
antihypertensive activity of the drug, however, correlates 
poorly with plasma ACE inhibition. A much better rela- 
tion is apparent between the blood pressure-lowering 
effect of quinapril and aortic ACE inhibition, suggesting 
that vascular tissue ACE inhibition may be more impor- 
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aS EFFECTS OF FOOD INTAKE AND 
DRUG-DRUG INTERACTIONS 

Intake of food at the time of drug administration can 
slow absorption and thus change the pharmacokinetic 
profile of the agent under study. This issue has been 
examined for these 3 ACE inhibitors. Ohman et alë and 
Muller et al? evaluated the effects of food intake on the 
pharmacokinetics of captopril. Ohman reported that 
peak plasma concentration and AUC of total and non- 
protein-bound captopril were slightly but significantly 
reduced by concomitant food intake (Figure 7). Muller 
noted that both Cmax and AUC from 0 to 120 hours 
(AUCo.;20) were reduced when food was ingested at the 
time of captopril administration. Swanson et al!’ ob- 
served no changes in any of the pharmacokinetic param- 
-eters for enalaprilat when enalapril was administered in 
either the fed or fasted states. Ferry et al?! administered 
40 mg oral doses of quinapril to healthy volunteers who 
~ were either fasting or had consumed a standard break- 
fast. There were no significant differences between the 2 
treatment groups with respect to either Cmax OF 
AUC .<¢; but Tmax for both quinapril and quinaprilat 


increased significantly in the patients who had eaten 


- breakfast before quinapril administration. Thus, food 
_ intake appears to slow the absorption of quinapril but 
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does not change the bioavailability of either quinapril or 
quinaprilat. 

Patients being treated for hypertension are often tak- 
inga number of medications concurrently, and potential- 
ly dangerous, unexpected, adverse reactions can occur 
because of changes in the pharmacokinetics of | drug- 
induced by the co-administration of another. Drug-drug 
interactions for captopril, enalapril, and quinapril have 
been tested extensively. 

Drug~drug interactions involving captopril were re- 
viewed recently.’ There are no interactions between 
captopril and hydrochlorothiazide, furosemide, procain- 
amide, cimetidine, or allopurinol. Drugs. that contain 
either aluminum or magnesium salts significantly reduce 
the bioavailability of captopril. Concomitant administra- 
tion of indomethacin markedly reduces the antihyperten- 
sive action of captopril, especially in patients with low 
renin activity. Captopril increases trough plasma concen- 
trations of digoxin in patients with congestive heart fail- 
ure but not in healthy subjects, 

Belz et al*! reviewed currently available data on 
drug-drug interactions involving enalapril. They noted 
that co-administration of enalapril and furosemide did 
not alter the pharmacokinetic profiles of either agent. 
Cimetidine, the H»-receptor antagonist commonly pre- 
scribed for the treatment of peptic ulcers, reduces gastric 
acid secretion and might thus alter the absorption. of 
acid-labile drugs. Cimetidine also inhibits cytochrome 
P-450 microsomal oxidation and reduces hepatic blood 
flow. It might, therefore, be expected to alter the hydrol- 
ysis of ACE inhibitors such as enalapril and quinapril.. 
Nevertheless, Ishizaki et al!? have reported that co-ad-~ 
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ministration of cimetidine and enalapril does not alter the 
pharmacokinetic parameters of either this ACE inhibitor 
or its active metabolite. 

_ In the studies carried out to date, there have been no 
reports of significant drug-drug interactions involving 
quinapril. Horvath et al*? administered quinapril alone, 
hydrochlorothiazide alone, or the 2 drugs in combination 
to healthy volunteers and reported no significant effect on 
the pharmacokinetics of either quinaprilat or hydrochlo- 
rothiazide. Horvath et al* also evaluated whether the 8- 
receptor antagonist propranolol interacts with quinapril 
in normal subjects. Again, co-administration of the 2 
drugs produced no significant changes in the pharmaco- 
kinetics of quinaprilat. The effects of cimetidine on the 
pharmacokinetic profiles of quinapril and quinaprilat 
have been tested by Ferry et al.4* No significant differ- 
ences were reported in pharmacokinetic parameters 
when quinapril was administered alone or after multiple 
dosing with cimetidine. 


CONCLUSION 
While the mechanisms of action of captopril, enal- 
‘april and quinapril are essentially the same, the metabo- 
lism and pharmacokinetics of captopril are very different 
from those of the latter 2 agents. Captopril undergoes 
complex biotransformations in plasma whereas both 
enalapril and quinapril each have only a single active 
abolite that arises from de-esterification in the liver of 
arent drug. The fact that captopril has a number of 
‘metabolites whereas enalapril and quinapril each have | 
major metabolite makes the elimination kinetics of cap- 
topril and its by-products more complex than those for 
enalapril /enalaprilat and quinapril/quinaprilat. 

One apparent difference between quinapril and the 
other 2 ACE inhibitors considered in this review is that 
‘multiple-dose studies have demonstrated no significant 
accumulation of quinapril. In contrast, several investiga- 
tors have shown that both captopril and enalapril may 
accumulate with repeated dosing. It would thus appear 
that quinapril has the most favorable pharmacokinetic 
profile for long-term. therapy. 

Since all of these agents and their metabolites are 
eliminated primarily via renal excretion, renal impair- 
ment is a predictable precursor of reduced clearance and 
‘thus accumulation of the drug. Indeed, numerous studies 
have demonstrated that renal insufficiency, regardless of 
its causes, reduces clearance and increases AUC for all of 
these agents. Demonstrations that hepatic insufficiency 
reduces enalaprilat and quinaprilat AUCs confirm that 
enalapril and quinapril are converted to their active me- 
-tabolites in the liver. 

The ACE inhibitors reviewed in this report. rarely 
_ interact with other agents used to treat hypertension or 
_ congestive heart failure. The effect of captopril on trough 
serum concentrations of digoxin is is a potentially serious 
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drug-drug reaction, however. When captopril and digox- 
in are administered together, increased serum concentra- 
tions of digoxin might possibly lead to digoxin intoxica- 
tion. Accordingly, digoxin serum concentrations should 
be monitored carefully in patients who are also receiving 
captopril. 

An important caveat with respect to the pharmacoki- 
netic studies reviewed in this report should be noted. 
Knowledge of pharmacokinetic parameters and correla- 
tion of blood or plasma drug concentrations with both 
hemodynamic actions and adverse reactions permits pre- 
diction of effective drug doses only if the correlations 
between drug levels and hemodynamic actions are 
strong. There is some evidence that plasma levels of ACE 
inhibitors may not be highly correlated with their hemo- 
dynamic actions. The mode! proposed by Belz et al,*! in 
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-` fact, suggests that concentrations of ACE inhibitors in 
local tissues rather than in plasma may be more directly 
related to their actions on blood pressure (Figure 8). In 
-this regard, it is interesting to note that animal experi- 
_ ments carried out by Kaplan et al’ have shown that 
quinapril levels in aortic tissue have a better correlation 
with blood pressure reduction than do plasma concentra- 
tions of the drug. Nevertheless, the metabolism and 
pharmacokinetic parameters of all 3 ACE inhibitors in- 
dicate that they are suitable for use in a wide range of 
patients. This fact, when combined with their high de- 
gree of clinical efficacy, has firmly established ACE 


“inhibitors in the treatment of both hypertension and 
heart failure.* 
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; enrii enzyme (ACE) inhibitors 

and calcium antagonists are important classes of 

antil ypertensive agents. Within their respective 
ACE inhibitors. and calcium scout 













ir | ast to ACE inhibitors, some oe. an- 
onists may cause a significant increase in 
plasma digoxin concentrations. Clinically, both 
_ Classes of agents have been shown to be safe 
_and effective in large- „long-term clinical tri- 
als. ACE inhibitors appear to be very well toler- 
„ated and may be associated with fewer adverse 
effects than some calcium antagonists. ACE in- 
ors appear to blunt diuretic-induced hypoka- 













chronic obstructive pulmonary disease. They 
‘may also be used in the elderly. While ACE in- 
hibitors are particularly useful in hypertension 
accompanied by congestive heart failure, calcium 
_ antagonists can be very useful when angina pec- 
` toris is present in the hypertensive patient. 

(Am J Cardiol 1992;69:17C-—25C) 
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and calcium antagonists are important ‘new 

classes of antihypertensive agents. The 1988 
Joint National Committee report! included ACE inhibi- 
tors and calcium antagonists as well as 6-adrenergic 
blocking agents and diuretics as possible first-step thera- 
py for hypertension. ACE inhibitors and calcium antago- 
nists may have fewer side effects than diuretics or 6 
blockers in given individuals, enabling physicians to tailor 
their treatment of hypertension. ACE inhibitors and cal- 
cium antagonists have been shown to control mild hyper- 
tension in about 50-60% of patients, and when used in. 


A ngiotensin-converting enzyme (ACE) inhibitors 


combination may control hypertension in 85-90% of pa- => 


tients. 








Seven orally active ACE inhibitors—benazapril, cap ; 


topril, clap, fosinapril, Loads quinapril, and ra- 


dipine, bepridil, diltiazem, felodipine, eer nifedi- 
pine, nimodipine, and verapamil—are currently 
available for clinical use in the United States, although 
their approved indications vary. Other agents in both 
classes are currently under review. We review their com- 
parative pharmacokinetics and clinical profiles, and dis- 
cuss the potential advantages and disadvantages of each 
group of antihypertensive drug. 


COMPARATIVE PHARMACOKINETICS 

Angiotensin-converting enzyme inhibitors: It has 
been established that increased levels of angiotensin H, a 
potent vasoconstrictor found in vascular and other tis- 
sues, may be partly responsible for hypertension. ACE 
inhibitors decrease systemic blood pressure by inhibiting 
the formation of angiotensin I not only in the peripheral 
circulation but also at the tissue level.” Captopril was 
the first ACE inhibitor approved for use in patients with 
hypertension or congestive heart failure. Because early 
experience with high doses of captopril was. associated 
with significant side effects similar to those of other drugs 
containing mercapto groups (e.g., penicillamine), other 
ACE inhibitors without sulfhydryl groups were devel- 
oped. Among these are enalapril (MK421), lisinopril, 
and quinapril (Figure 1). 

The ACE inhibitors share certain pharmacokinetic 
properties, including rapid absorption from the gastroin- 
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TABLE 1 ‘Pharmacokinetics of some: ACE Inhibitors 


Captopril Enalapril Lisinopril Quinapra 


Oralabsorption(%)- «60-75 60-70 25 


| Bioavailability (%) €2 40 25 
‘Protein binding (%) 25-30 <50 none 
Elimination 
+. Metabolismi- renal renal renal 

Urinary excretionof 40-50 6l 97 
unchanged drug (%) 
ctive metabolites yes yes no 
Half-ife* (hours) 17 lit 12.67 


* Half-life, may be increased in patients with renal failure, necessitating an adjust 


ment of dose, 
t Accumulation halife. 
ACE = angiotensin-converting enzyme. 
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testinal tract, wide distribution to most tissues in the 
body, and renal excretion. The pharmacokinetics of this- 
class of agents in patients with uncomplicated hyperten- 
sion are the same as in healthy subjects. However, be- 
cause all four ACE inhibitors are excreted by the kidney, 


one would expect differences in patients with secondary. 


renal dysfunction.* The specific pharmacokinetic proper- 
ties of each agent are described below and are listed in’ 
Table I. 

Captopril: Detectable plasma concentrations of cap- l 
topril are apparent as early as 15 minutes after oral 
administration. The extent of absorption is approximate- 
ly 60-75% of an oral dose,* and peak plasma concentra- 
tions occur after approximately 1 hour.® The presence of 
food in the gastrointestinal tract reduces the absorption 
of captopril by as much as 30-40%.’ Although captopril 
is 25-30% protein bound in blood, it is widely distributed 
to most tissues, with the exception of the central nervous 
system.® 

Renal excretion of captopril is rapid, with 90%. of 
unchanged drug excreted in the first 4 hours.® The elimi- 
nation half-life for unchanged captopril is about 1.7 
hours in healthy individuals and is markedly increased in . 
the presence of renal insufficiency. Elimination half-life 
correlates closely with endogenous creatinine clear- 
ance,®§ and patients with renal insufficiency have much 
higher peak plasma concentrations than patients with 
normal renal function. 

Enalapril: The extent of absorption of enalapril is 60- 
70% of an oral dose.° Unlike captopril, the presence of 
food in the gastrointestinal tract does not appear to inthe ; 
ence its absorption.? i 

Once absorbed, enalapril is rapidly metabolized to its e 
active form, enalaprilat, which appears to be its only . 
metabolite. Therefore, intact enalapril is found in the — 
serum for only a very short period and is almost undetect- 
able 4 hours after cral administration.® The de-esterifica- 
tion of enalapril to enalaprilat probably occurs in the liver 
by hepatic esterases.° 

After oral administration of enalapril, the time of 
maximum observed plasma concentration. (Tnax) for 
enalapril is 1 hour and that for enalaprilat is 4 hours. The 
half-life of enalaprilat after chronic administration of 
enalapril is 11 hours; however, in many individuals the 
duration of antihypertensive activity is 24 hours. Thus, 
enalapril has a much longer duration of. action than 
captopril. 

Lisinopril: Lisinopril, a lysine arial of enalaprilat, is 
absorbed intact after oral dosing, with peak serum con- 
centrations occurring within approximately 6 hours.'° 
The average bioavailability of lisinopril is 25%, and it is 
not significantly affected by the | presence of food in the 


- gastrointestinal tract. 


Lisinopril is neither metabolized nor protein bound.!° 
Steady-state serum concentrations are achieved in 3 
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: : TABLE i Pharmacokinetics of some Calcium Antagonists 





Diltiazern 





Oral absorption (%) 


|. Bioavailability (%) 40-50 
F- Protein binding (%) 70-80 
> 0) Elimination 
“Metabolism hepatic 
(50% first-pass 
metabolism} 
Urinary excretion of 01-4 
unchanged drug (%) 
Active metabolites yes 
os Halife” (hours) 3-5 








Verapamil i 








Nifedipine Nicardipine 
90 90 90-100 a 
10-20 40-50 35 
90 90 95 
hepatic hepatic hepatic 
(79% first-pass (99% first-pass 
metabolism) metabclism) 
>5 trace <1 
yes no no 
3-7 2-5 2-4 





* Haifdife may be increased in cirrhosis and multiple dosing, mecessitating a decrease in dose, 














days, with little accumulation. The effective accumula- 
tion half-life after multiple dosing is 12 hours.!! Signifi- 
“cant accumulation occurs in patients with severe renal 
ipairment (creatinine clearance <30 mL/min). 10 

inapril: Pharmacokinetic studies in animals show 
that once absorbed, quinapril is converted to quinaprilat, 
the pharmacologically active metabolite.'?'3 Quinapril 
absorption and hydrolysis to quinaprilat is rapid, with 
peak quinapril and quinaprilat concentrations occurring 
1-2 hours after the dose. Similar to enalapril and lisino- 
pril, absorption of quinapril and conversion to quinaprilat 
snot affected by the presence of food in the gastrointesti- 














bolism to compounds other than quinaprilat is 
ive. Plasma profiles for these metabolites indi- 
cate apid elimination, with no potential for accumula- 
tion after the recommended once- or twice-daily dos- 
_ing.'? The half-life of quinapril and quinaprilat is approx- 
imately 1 hour." In patients with renal insufficiency, 
_ clearance of quinaprilat is reduced in direct proportion to 
declining renal function as assessed by creatinine clear- 
ance! It has been shown, however, in a study with 
_{!4C)quinapril, that 37% of the dose ingested by healthy 
< volunteers was excreted in the feces.4 This demonstrates 
_a biliary route of quinapril excretion in addition to the 
` renal route, and a possible mechanism for the prevention 
_of buildup of quinapril in blood. The effects of quinapril 
(20 mg once daily on day | and again on days 4 through 
10) on renal function parameters were tested in a study of 
22 patients, of whom 17 completed the trial and were 
assessed.4 Patients were stratified according to creatinine 
clearance rates, with 4 having a rate 260 mL/min, 5 
with creatinine clearance rates in the range of 30-59 
mL/min, and 8 with creatinine clearance rates <30 mL/ 
min. Quinapril had no effect on creatinine clearance in 
‘any of these groups. In a further study of 20 patients, 
neither creatinine nor urea concentrations in serum were 
altered by once-daily dosing with quinapril for 7 consecu- 
-tive days.* 
Calcium antagonists: The therapeutic actions of cal- 
cium aia arise from their ability to inhibit the 
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influx of calcium ions across the plasma membranes of 
excitable cells, resulting in a physiologic relaxation of 
resistance vessels.'© Five calcium antagonists--verapa- 
mil, diltiazem, nifedipine, nicardipine, and nimodipine— 
are now approved for clinical use. 

Despite their very different chemical structures (Fig- 
ure 2), verapamil, diltiazem, and nifedipine share com- 
mon pharmacokinetic properties (Table 1). These in- 
clude extensive first-pass hepatic extraction after oral 
administration, high clearance, with total metabolic- 
clearance 50-75% of hepatic blood flow, and extensive 
binding to plasma proteins. Such high clearance results 
in low bioavailabilities (diltiazem, 40-50%; nifedipine, 
40-50%; verapamil, 10-30%) despite almost complete 
absorption after oral administration and elimination 


half-lives of 2-7 hours. Thus, multiple daily doses are a 


required to achieve steady-state plasma concentrations 
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FIGURE 2. Chemical structures of some of the calcium antag- ie 



























ow a -ptable interdose uctuation. 1 New products! 


: with: a longer hall-life or sustained-release vehicles have 
ee obviated this requirement. 
Renal disease has no impact on the pharmacokinetics 
of diltiazem and verapamil. However, the eliminatior 
half-life of nifedipine increases in relation to the degree of 
renal impairment due to increased volume of distribu- 
tion. Systemic clearance remains unchanged.!7 In con- 
trast, the pharmacokinetics of calcium antagonists are 
greatly altered in patients with liver cirrhosis. Clearance 
decreases, elimination half-life is substantially prolonged, 
and bioavailability more than doubles. In additicn, the 
-volume of distribution increases.!7 
Drug interactions: ACE inhibitors can be combined 
with many other antihypertensive agents without pro- 
ducing unfavorable side effects. Of particular clinical 
importance is the lack of clinically meaningful pharma- 
cokinetic interactions between ACE inhibitors and di- 
goxin.'8 In contrast, concomitant administration of calci- 
um antagonists with digoxin should be done with caution. 
Both verapamil and diltiazem may cause a significant 
increase in plasma digoxin concentrations, which may 
“increase to toxic levels.!”!® The mechanism responsible 
for this interaction is believed to be inhibition of both 
renal and non-renal digoxin clearance.'’ This effect does 
not appear to occur with nifedipine. Co-administration of 
calcium antagonists and 8 blockers may be hazardous 
since the negative inotropic and chronotropic effects of 
the drugs may be additive, and may result in serious 
conduction and rhythm disturbances as well as signifi- 
cant impairment of left ventricular function.!” No unfa- 
vorable interactions between ACE inhibitors and 8 
blockers have been reported thus far.!9 





CLINICAL PROFILES OF ANGIOTENSIN- 
CONVERTING ENZYME INHIBITORS AND 
CALCIUM ANTAGONISTS 

‘Comparative efficacy as monotherapy: Both ACE 
inhibitors and calcium antagonists are now included as 
first-step therapy for the treatment of hypertension, and 
both are safe and effective. No single antihypertensive 
agent should be expected to normalize blood pressure in 
all patients. When given as monotherapy, ACE inhibi- 
tors can be expected to normalize blood pressure in ap- 
proximately 60% of all hypertensive patients,'? although 
a recent report suggests. that quinapril is effective as 
monotherapy ina larger percentage of elderly hyperten- 
sive patients.” With concomitant sodium depletion in- 
duced by diet or the administration of diuretics, blood 
pressure normalization can be achieved in >90% of pa- 
tients.!? Similarly, monotherapy with calcium antago- 
nists has been found to normalize blood pressure in ap- 
proximately 50-60% of an unselected group of patients 
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vith mild to moderats hypertension. Both disa of 
agents have been shown to be effective in the elderly.2!-22 

ACE inhibitors appear to be well tolerated and may 
be associated with fewer side effects and an improved 
quality of life.324 Their addition to the conventional 
therapeutic regimen in patients with severe cardiac fail- 
ure may reduce mortality.” Additionally, data suggest 
that ACE inhibitors may exert a beneficial action on the 
kidney. Patients with essential hypertension have been 
shown to have a greater renal blood flow response and, 
despite the decrease in arterial blood pressure, well-main: 
tained glomerular filtration rate.” 

Calcium antagonists have been reported to be most 
effective in patients with low renin levels (e.g., some 
elderly and black patients).?! However, the correlations 
between blood pressure response and plasma renin may 
have little predictive value for individual patients. Calci- 
um antagonists also appear to protect the renal vascula- 
ture from the smooth muscle mitogenic effects of angio- 
tensin II and norepinephrine, and may limit development 
of intraglomerular hypertension and minimize the 
chances for hypertensive nephrosclerosis to develop.27:28 

Comparative efficacy as combination therapy: If 
monotherapy with an ACE inhibitor or a calcium antag- 
onist fails to control blood pressure sufficiently, they can 
each be combined with a number of other agents with 
different mechanisms of action. ACE inhibitors can be 
safely combined with diuretics, 8 blockers, or calcium 
antagonists. Combination therapy with an ACE inhibi- 
tor and a low-dose thiazide diuretic enhances the antihy- 
pertensive effect of both drugs and also reduces some of 
the adverse effects associated with the diuretic. Specifi- 
cally, diuretic-induced hypokalemia, hyperuricemia, hy- 
perglycemia, and hypercholesterolemia can be blunted 
by concurrent use of an ACE inhibitor. !? Since hypoka- 
lemia is uncommon with the combination of an ACE 
inhibitor and a diuretic, the use of potassium supple- 
ments or potassium-sparing agents is generally not re- 
quired. It should be noted that excessive use of diuretics 
can produce severe hypotension and deterioration of re- 
nal function. 

ACE inhibitors have also been used safely with con- 
comitant administration of 6 blockers. Some investiga- 
tors have reported improved blood pressure control with 
ACE inhibitors and 8 blockers. Others, however, have 
found that the combination of these 2 classes of drugs 
appears to increase the antihypertensive effects of both 
drugs only slightly.!° 

The combination of ACE inhibitors and calius an- 
tagonists. also: provides additive antihypertensive ef- 
fects.!? Results of a study of the additive effect of isradi- 
pine in combination with captopril indicated that com- 
bined treatment with a calcium antagonist and ACE 









nhibitor is effective in lowering blood pressure and that 


he combination is well tolerated during long-term thera- 
yy (24 weeks).”? Combination therapy consisting of cal- 
sium antagonists and ACE inhibitors has also been re- 
sorted to be an effective treatment in severe hyperten- 
es 

-Ir addition to ACE inhibitors, calcium antagonists 
jave been used in combination with diuretics, 8 blockers, 
and a blockers. While calcium antagonists can be used 
safely with diuretics, concomitant therapy with a diuretic 
and calcium antagonist has had variable effects on blood 
pressure control.32 However, a recent double-blind cross- 
aver comparison of nitrendipine and hydrochlorothiazide 
in 87 patients found that the 2 agents had additive effects 
pa pied pressure over 8-week periods. 

_ In most studies, the addition of a 8 blocker to a 
calcium antagonist has resulted in positive effects on 
blood pressure control.” However, caution should be 
used when combining verapamil or diltiazem with 8- 
blocker treatment, since this combination may induce 
severe sinus bradycardia, increase heart block, or precipi- 
tate heart. failure. 

“Concomitant administration of calcium antagonists 
and a blockers potentiates the antihypertensive effects of 
the a blocker and may be of therapeutic value.*? It is 
rtant to note that any combination approach should 
lone cautiously, as profound hypotension may result. 












PATIENT POPULATIONS 

elderly: The physiologic changes that occur with 
aging can alter the kinetics of many drugs in the elderly, 
mainly because of decreased elimination rate or alter- 
ation in drug distribution. Elderly patients are particular- 
ly prone to develop side effects with some of the most 
frequently used antihypertensive drugs. ACE inhibitors 
-and calcium antagonists have been shown to be effective 
and well tolerated in the elderly, providing a logical alter- 
native to traditional therapy. 

The ACE inhibitors are especially attractive in the 
elderly due to their low incidence of adverse effects and 
“potentially positive impact on the patient’s quality of 

life.24 Captopril has been studied in > 1,000 elderly pa- 
tients with mild to moderate hypertension and has been 
shown to be effective in this population. Low doses of 
captopril (<150 mg/day) with or without low doses of a 
diuretic were effective in normalizing blood pressure.*4° 

Similar experiences have been reported with enala- 

pril, ° lisinopril,°6 and quinapril.”! For example, F rank et 
al2° found that once-daily quinapril (20 or 40 mg) effec- 
tively reduced baseline diastolic blood pressure in elderly 
hypertensive patients with a mean measurement of 104.8 
-mm Hg. Peak mean reductions in diastolic pressure 
(both doses combined) of 13.9 and 17.3 mm Hg were 








“seen at 3 and 2 hours after the dose on days | and 28, 
respectively. On both days, maximum plasma concentra- 


tions of quinapril and quinaprilat occurred within 2 hours” 
after the dose. When these plasma concentrations were 
compared with blood pressure reductions at individual 
time points, however, no correlation was found. There 
was no evidence of a “first-dose” effect, and the mean 
peak reduction in blood pressure after the first dose of 
quinapril tended to be greater with the 20-mg rather than 
the 40-mg dose, suggesting that the magnitude of blood 
pressure reduction after the first dose is not related to 
dose. Moreover, quinapril has not been associated with 
an increased incidence of adverse events in the dody 
population. 

Despite the age-related reduction in renal blood flow. 
and glomerular filtration rate, renal function is usually.. 
preserved during ACE inhibition, and even patients with 
elevated serum creatinine levels have had no reduction in 
renal function.'936 However, these agents should be used 
cautiously with frequent electrolyte and renal function 
determinations as clinically indicated. It is important to 
note that in the elderly, blood urea nitrogen and creati- 
nine may not be accurate reflections of renal function. 
The tendency toward accumulation of this class of drug 
appears to occur only in patients with more severe renal 
impairment. 36 In addition, the lack of a precipitous re- 
duction in blood pressure with ACE inhibitors** is of 
particular relevance to the elderly, in whom baroreflex 
function is less efficient*4 and orthostatic problems are 
common. 

ACE inhibitors are especially useful in elderly pa- 
tients with multiple concomitant medical illnesses, such 
as diabetes mellitus, hypercholesterolemia, and peripher- 
al vascular disease; these agents do not adversely affect 
these conditions, and in some cases may be beneficial. 
Moreover, in both normotensive and hypertensive pa- 
tients with congestive heart failure, ACE inhibitors re- 
duce afterload and improve cardiac output and exercise 
tolerance while reducing congestive symptoms. 

Calcium antagonists are also suitable for treatment of 
elderly hypertensive patients. Similar to ACE inhibitors, 
calcium antagonists do not induce biochemical abnor- 
malities, central nervous system dysfunction, postural 
hypotension, or salt or water retention. However, consti- 
pation may be a problem in elderly patients. receiving 
calcium antagonists, particularly verapamil, and bowel 
habits should be carefully monitered. 

Of the currently available calcium antagonists, nifed- 
ipine is the most potent vasodilator. Nifedipine can ra 
ly lower blood pressure in most patients. In 1 study Wf- 
calcium antagonists in the management of hyperte sid 
in the elderly,” nifedipine (20 mg twice daily) adequ ? 
ly controlled blood pressure in 71% of 21 elderly (mean 
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TABLE Ill Use of ACE Inhibitors or Calcium Antagonists in 
| Patients With Concemitant Diseases 











ACE Inhibitors ` 
Fayor ir patients with 
Congestive heart failure; diabetes mellitus, diabetic nephropathy; 
peripheral vascular disease; hypercholesterolemia; chronic 
obstructive pulmonary disease; asthma: adverse reactions to 
other drugs. 
Use with caution inpatients with 
Renal failure (except diabetic); renal artery stenosis; volume 
depletion. 
Calcium Antagonists 
Favor in black patients arid patients with 
angina pectoris; supraveritricular tachycardia (verapamil): 
vascular disease; hypercholesterolemia; chronic obstructive 
pulmonary disease; asthma; chronic renal failure. 
Use with caution in-patients with 
sick sinus syndreme; atrioventricular block; congestive heart 
failure. 


ACE = angiotensin-corwerting enzyme. 
















age 79 + 2 years) hypertensive patients. Other reports 
also indicate that nifedipine and verapamil provide effec- 
tive monotherapy in elderly patients.3738 

` Calcium antagonists can be used safely in patients 
with diabetes mellitus, chronic obstructive pulmonary 
disease, peripheral vascular disease, and chronic renal 
failure (Table HI). They are especially useful for the 
treatment of angina pectoris or, in the case of intravenous 
verapamil, supraventricular dysrhythmias. However, ve- 
rapamil and diltiazem may aggravate underlying con- 
duction disturbances. Therefore, these agents should be 
avoided in patients with sick-sinus syndrome, atrioven- 
tricular block, or congestive heart failure.>’ As previously 
mentioned, some calcium antagonists should not be used 
concomitantly with 6 blockers. Also, digoxin should be 
used cautiously in patients receiving either verapamil or 
diltiazem. 

Diabetics: Hypertension is approximately twice as 
common in diabetic as in nondiabetic patients.” Treat- 
ment of hypertension in this patient population is particu- 
larly important since high blood pressure “hastens” the 
progression of diabetes mellitus, whereas reduction in 
blood pressure may siow the progression of diabetic ne- 
phropathy.*? Moreover, diabetic patients who develop 
hypertension may be particularly vulnerable to renal in- 
jury that is probably caused by underlying abnormalities 
of the renal circulation induced by diabetes. 

Treatment of essential hypertension in diabetic pa- 
tients differs somewhat from the usual treatment, since 
metabolic and other side effects of antihypertensive 
agents can be particularly harmful in these patients. 
Most diabetic patients can receive an ACE inhibitor or a 
calcium antagonist as initial therapy, and both may have 
advantages over thiazide diuretics and 8 blockers as a 
first-line therapy in this patient population.3? Important- 












ly, administration of these agents does not alter insulin 
secretion and has little or no effect on control of diabetes 

mellitus. In addition, neither class of agents aggravates 

lipid abnormalities, and impotence is rare. If fluid reten- 

tion is a problem, concomitant use of diuretics may be 

needed. 

ACE inhibitors are an especially attractive choice in 
hypertensive diabetic patients with nephropathy. Prelim- 
inary data suggest that these drugs reduce proteinuria 
and albuminuria and preserve renal function by reducing 
intraglomerular blocd pressure.*°4! Reduction in glo- 
merular capillary pressures was not reproduced by other 
agents.*? This is especially important in diabetic patients, 
who are particularly vulnerable to renal injury due to 
underlying abnorma ities of the renal circulation induced 
by diabetes. Although hyperkalemia did not present a 
problem in these studies, the potential exists, and serum 
potassium and creatinine levels should be monitored in 
patients with diabezic nephropathy receiving an ACE 
inhibitor. 

Blacks: Black patients with hypertension have mark- 
edly elevated vascular resistance and a tendency for de- 
velopment of cardiovascular disease. Therefore, they 
need antihypertensive agents that lower blood pressure 
and total peripheral resistance, while maintaining tissue 
perfusion. As in all hypertensive patients, blood pressure 
should be controlled at a local vascular level in the kid- 
ney, brain, heart, and other vascular beds in a physiologic 
way so as to maintain function and perfusion. 

In addition to decreasing systemic blood pressure, 
ACE inhibitors cam reduce intraglomerular pressure, in- 
crease renal blood ‘low, cause regression of left ventricu- 
lar hypertrophy ard ventricular ectopy, and potentially 
reduce the risk of coronary artery disease as well as 
congestive heart failure.*’4!43 These characteristics 
make the ACE inhibitors capable of reducing some of the 
major cardiovascular complications of hypertension, 
which is especially important in black hypertensive pa- 
tients, who are predisposed to early and accelerated car- 
diovascular disease.’ 

Nevertheless, some black patients appear less respon- 
sive to monotherapy with ACE inhibitors than nonblacks 
because of their low-renin, salt-sensitive profile.2? There- 
fore, ACE inhibitors may be most effective in the black 
hypertensive patient when combined with thiazide diu- 
retics. They are also particularly suited to patients who 
have symptoms of congestive heart failure or conduction 
system disease in which other agents such as 8 blockers 
or calcium antaganists would be relatively contraindicat- 
ed. Black patients tended to have a better response with 
the new ACE inhibitor quinapril than with captopril.44 

Calcium antagonists are also useful in the black popu- 
lation, especially in those blacks who tend to have lower 
renin levels. Similar to ACE inhibitors, calcium antago- 
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_ nists reduce vascular resistance, improve left ventricular 
_ function through afterload reduction, and improve renal 
_ blood flow, which may explain their natriuretic effect. 
Thus, they are well suited to treat the high vascular 
resistance, reduced renal blood flow, mildly reduced car- 
diac output, and expanded plasma volume seen in the 
-black hypertensive patient. 
<- Congestive heart failure: ACE inhibitors are proba- 
~ bly the drugs of choice in hypertensive patients with 
associated congestive heart failure, since they are known 
to improve both disorders without the development of 
- tolerance.'? In contrast, calcium antagonists may exacer- 
< bate congestive heart failure due to the negative inotropic 
action of these drugs.* 
Renal disease: Hypertension resulting from reduc- 
- thon in renal blood flow due to renal artery stenosis repre- 
_ sents the most common curable form of secondary hyper- 
tension, and is still believed by many investigators to 
- contribute to the pathogenesis of essential hypertension 
- in some patients. Both ACE inhibitors and calcium an- 
- tagonists have a place in the therapy of hypertensive 
` patients with renal disease. 
_ ACE inhibitors are quite effective in hypertensive 
a patients with renal failure.4> These drugs, given alone or 
: | combination with a diuretic, have been shown to in- 
ease renal blood flow and improve glomerular filtration 
n patients with impaired renal function.** However, 
e of the drug must be adjusted to renal function, 
all ACE inhibitors currently available are excreted 
kidney. Since it is known that the renin~angioten- 
_ sin system is involved in the pathogenesis of hypertension 
= due to renal artery stenosis, it is not unexpected that 
ACE inhibitors control hypertension in a majority of 
< such cases. 
However, whereas ACE inhibitors usually cause a 
~ marked blood pressure decrease in patients with renovas- 
cular hypertension, they have been reported to cause 
acute renal impairment in patients with bilateral renal 
< artery stenosis or stenosis in the artery supplying a soli- 
«itary kidney.” Since renal perfusion pressure behind the 
stenosis may become very low and no angiotensin II is 
available to maintain postglomerular resistance, there is 
often a decrease or even a cessation of glomerular filtra- 
tion in the stenotic kidney.*” Therefore, long-term treat- 
ment of renovascular hypertension with ACE inhibitors 
should be avoided unless alternative therapy, mostly cor- 
rection of the stenosis, is not available or possible. 
Calcium antagonists can be used safely in patients 
with chronic renal failure or renal artery stenosis. These 
agents increase renal plasma flow, maintain glomerular 
filtration rate, and cause brisk diuresis and natriuresis.” 
-=o Verapamil attenuates the intrarenal effects of angioten- 
_ sin If and norepinephrine and has no short-term or long- 
term effects on renal function.?78 
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Respiratory disease: Both ACE inhibitors and cal- 
cium antagonists have been shown to be effective in 
hypertensive patients with accompanying respiratory dis- 
ease. When ACE inhibitors were used for a period of 2 
months to treat hypertensive patients suffering from 
chronic obstructive pulmonary disease, there was a sig- 
nificant reduction in systolic and diastolic blood pressure, 
as well as an increase in vital capacity.!? Importantly, no 
significant change in the other respiratory function tests 
and no side effect such as bronchospasm occurred. ACE 
inhibitors were also found to be safe in the treatment of 
hypertensive patients with asthma.‘? 

Similarly, calcium antagonists do not negatively i in- 
fluence airway resistance in patients with chronic ob- 
structive lung disease or bronchial asthma even after 
histamine challenge.*? Thus, they too can be safely given 
to patients with obstructive pulmonary disease or asth- 
ma. 


COMPARATIVE SAFETY AND 
SIDE EFFECTS 

ACE inhibitors and calcium antagonists are as safe as 
the “older” agents available for treatment of hyperten- 
sion. In comparison with 8 blockers and diuretics, ACE 
inhibitors and calcium antagonists have relatively mild 
metabolic effects. They have essentially no effect on se- 
rum potassium, glucose, uric acid, cholesterol, or triglyc- 
erides. In addition, neither ACE inhibitors nor calcium 
antagonists cause bronchoconstriction, and as previously 
discussed, can be very effective in patients with respira- 
tory dysfunction. Recommended doses of ACE inhibi- 
tors generally are free of significant cardiotoxicity or 
adverse central nervous system effects. ; 

Nevertheless, ACE inhibitors and calcium. antago- 
nists have been associated with some adverse effects. Of 
the ACE inhibitors, the newer nonsulfhydryl compounds 
(i.e., lisinopril, quinapril) have fewer side effects than 
sulfhydryl compounds (e.g., captopril).!°-'3 In general, 
sulfhydryl compounds can induce adverse effects such as 
rash, taste disturbances, nephropathy, and neutropenia. 
All of these problems have been seen to some extent with 
captopril and other sulfhydryl-containing ACE inhibi- 
tors. In contrast, ACE inhibitors that do not contain a 
sulfhydryl group have been associated with lesser inci- 
dence of problems. 

For example, lisinopril, a nonsulfhydryl ACE inhibi- 
tor, does not cause hypokalemia, hyperglycemia, hyper- 
uricemia, or hypercholesterolemia. No cases of drug- 
related neutropenia were observed in over 2,800 people 
studied.!° Taste alterations, proteinuria and rash were 
rare. Cough, azotemia, and angioedema are class effects; 
the incidence of these problems noted with lisinopril ap- 
pears to be no different from that observed with captopril 
and enalapril. Similar findings have been reported with 
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quinapril.>' Moreover, the incidence of adverse events 
reported with quinapril is less than that with both capio- 
< pril" and enalapril, indicating that quinapril may have 
-a slight safety advantage over the 2 older agents. 

Cough is a recently recognized adverse effect of ACE 
inhibitors.*? The cough tends to be dry, is associated with 
a tickling sensation in the throat and occasionally wath 
nasal stuffiness, is not associated with symptoms of asth- 
ma, and is probably secondary to the effect of ACE 
inhibition on bradykinin or prostaglandin production.** 
The incidence is about the same with captopril, enalapril, 
and lisinopril,!® and slightly lower (about 1.8%) with 
quinapril.*! The cough is mild and rarely requires discon- 
tinuation of therapy. Patients with underlying renal in- 
sufficiency or with severe hypertension may be more 
susceptible to the adverse effects of ACE inhibitors than 
patients with uncomplicated hypertension. 

The incidence of adverse effects with some calcium 
antagonists may be higher than that seen with ACE 
inhibitors.*4 The most common adverse effects are light- 
headness, headache and flushing, ankle and occasienal 
periorbital edema, and a burning sensation in the lower 
extremities. Constipation is also a problem with verapa- 
mil and diltiazem. 

The occurrence of edema during treatment with cal- 
cium antagonists is not a consequence of renal retention 
of sodium and water, but the result of transfer of fluid 
from the plasma compartment to the interstitial space, 
caused by an increase in capillary hydrostatic pressure 
due to the relative selectivity of calcium antagonists for 
the arterial side of the circulation.” 

Hypertensive patients treated with verapamil and dil- 
tiazem generally do not have substantial changes in heart 
tate despite the vasodilating effects of the drug. How- 
ever, patients treated with short-acting dihydropyricines 
such as nifedipine, nitrendipine, or nicardipine may expe- 
rience reflex tachycardia. All calcium antagonists have 
negative inotropic effects and should be used with cau- 
tion in patients with congestive heart failure. 


CONCLUSION 

ACE inhibitors and calcium antagonists have been 
shown -to be safe and effective in treating all forms of 
essential hypertension. These agents are also effective in 
patient populations in whom the more traditional agents 
have been less effective or contraindicated. The ACE 
inhibitors and calcium antagonists have few adverse ef- 
fects and may improve the quality of life in patients. 
While ACE inhibitors appear to be the agents of choice 
in patients with congestive heart failure, calcium antago- 
nists and -adrenergic blocking agents are the best selec- 
tion in patients with angina pectoris. ACE inhibitors 
should be avoided in patients with bilateral renal artery 
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stenosis, and calcium antagonists should be avoided in 
patients with congestive heart failure. 
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_ Enzyme and Potential Clinical Implications 
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‘This review summarizes the evidence indicating 
that local synthesis of angiotensin Il, and inter- 
ference with this process by inhibition of angio- 


G tensin-converting enzyme (ACE), may be impor- 


tant in the treatment of hypertension. Inhibition 
of tissue converting enzyme generally has a 
_ stronger correlation with the hemodynamic ef- 
fects of ACE inhibitors than inhibition of ACE in 

- plasma. Reported differences in the ability of 

“ACE inhibitors to penetrate tissues and to bind 
to the converting enzyme may be closely related 
to the relative lipophilicity of these agents. Final- 

~: Iy, correlation of data from clinical studies with 
results provided by laboratory experimentation 

i: suggests that the efficacy of different ACE inhib- 


E tors in hypertensive patients may be predicted 


: from differences among the actions of these 
drugs in vitro and in whole animals. 
(Am J Cardiol 1992;69:26C-32C) 


in cardiovascular homeostasis and in the etiology 

of hypertension." Until recently, the renin-angio- 
tensin system was thought to be a circulating endocrine 
system whose components were secreted by different 
organs and whose ultimate product, angiotensin II, acted 
on specific receptors in multiple targets including blood 
vessels, kidneys, adrenal glands, the brain, anterior pitu- 
itary, uterus, and heart.” 

It is now established that angiotensin II may be syn- 
thesized locally in a variety of tissues, and that the local 
production of this hormone may influence many organs. 
Considerable evidence also indicates that locally pro- 
duced angiotensin H may play a role in the regulation of 
blood pressure.** Recent studies? have shown that the 
genes for both renin and angiotensinogen are expressed in 
multiple organs. In addition, cardiac myocytes, cultured 
vascular smooth muscle cells, and endothelial cells can 
synthesize renin, angiotensins, and renin substrate. 

Locally produced angiotensin IT may influence vascu- 
lar tone through either paracrine or autocrine effects, and 
might also enhance release of norepinephrine from nerve 
terminals on blood vessels,? Dzau> has further proposed 
that elevated angiotensin II concentrations in tissue may 
be responsible for long-term hypertension and that local, 
rather than circulating, angiotensin II is the primary 
regulator of vascular tone. 

Angiotensin-converting enzyme (ACE) inhibiting 
agents have emerged with diuretics, 6-adrenergic block- 
ing agents, and calcium antagonists as a first-line thera- 
peutic option for the initial treatment of hypertensive 


T he renin-angiotensin system plays a central role 


i - patients.® The actions of these agents have generally been 
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associated with the circulating renin—angiotensin system, 
but it is likely that they also influence local or tissue 
production of angiotensin H, 


LOCALIZATION OF TISSUE ANGIOTENSIN- 
CONVERTING ENZYME 

A number of lines of evidence indicate that ACE is 
present in a variety of tissues, and that angiotensin IT 
may be produced independently of the circulation, Ro- 
senthal et al’ isolated ACE from extracts of vascular 
tissues and aortic smooth muscle cells cultured in vitro. 











ey noted that the isoelectric point of aortic ACE was 
-Significantly different from that of ACE isolated from 
_ plasma. Strittmatter et alë purified an isoenzyme of ACE 





_ from rat brain. They also provided evidence that brain 
ACE differed from lung ACE in molecular weight and in 
_ substrate specificity. Jackson et al? bound an iodinated 
ACE inhibitor, ['21]351-A, to demonstrate the existence 
of ACE in the testis, lung, aorta, brain and kidney. 
Although ACE has been localized in the synaptosom- 
- al fraction of brain tissue,'® relatively little is known 

about the subcellular location of ACE in other organs. In 
a recent model describing the cellular production of an- 
_ giotensin TI, Dzau? (Figure 1) proposed that angiotensin 
< [may be converted to angiotensin II either inside or 
~ outside the cell. Kifor et al!' and Pandey and Inagami!? 
< suggested that the primary site of angiotensin I produc- 
< tion (and thus the location of ACE) is intracellular. 
_ However, Clemens et al'? reported that ACE in mouse 
-neuroblastoma cells was localized in plasma membranes 
-with the active site facing outward. This is consistent with 
-the conversion of angiotensin I to angiotensin II outside 
the cell in that system. 










_ THE IMPORTANCE OF TISSUE 
_ ANGIOTENSIN-CONVERTING ENZYME 
_ IN THE CONTROL OF BLOOD PRESSURE 
“Traditionally, it was thought that ACE inhibitors 
ced blood pressure by inhibiting ACE that circulat- 
lasia. The discovery that all of the components 
wired for the production of angiotensin II exist within 
-organs and tissues (see Dzau? for a review) and the fact 
-that angiotensin I levels are higher in venous than arteri- 
al blood suggested a role for local renin-angiotensin sys- 
tems in the control of blood pressure. 
The importance of local production of angiotensin II 
__ was indicated by studies demonstrating that the hemody- 
namic effects of ACE inhibition did not have a strong 
temporal correlation with inhibition of this enzyme in 
plasma. Unger et al'4 administered 2 different ACE 
_ inhibitors, Hoe498 and MK421 (enalapril), to spontane- 
-ously hypertensive rats for 2-4 weeks. They observed 
-that the antihypertensive potency of the drugs did not 

















correlate with reductions in the pressor responses to in- | 


travenous administration of angiotensin I, with potentia- 


-tion of bradykinin depressor responses or with decreases 


in plasma angiotensin II levels and urinary aldosterone 
excretion. They also found that treatment with enalapril 
-at a dose of | mg/kg/day produced a significant de- 
crease in blood pressure after 3 days of treatment but had 
“no significant effect on plasma levels of ACE. They 

_. concluded that the antihypertensive actions of these 
~ ACE inhibitors were not related to their actions on the 
-plasma renin-angiotensin system, but rather to their in- 
__ hibition of ACE in tissues. They also suggested that the 





difference between the potencies of the 2 inhibitors may 
have been due to differences in the chemical characteris- 
tics of the 2 compounds, such as polarity and lipophili- 
city. 

In another study, Unger et al'> administered Hoe498 
or enalapril to spontaneously hypertensive rats and mea- 
sured plasma ACE activity and blood pressure during 
and after treatment (Figure 2). Both agents produced 
marked reductions in blood pressure and plasma ACE 
activity, Five days after the end of:drug administration, 
plasma ACE activity rebounded to supranormal! levels, 
but blood pressure remained significantly lower than nor- 
mal. They concluded that plasma and tissue “pools” of 
converting enzyme recovered from ACE inhibitor treat- 
ment at different rates, possibly due to the accumulation 
of the drugs in tissue compartments, They also proposed 
that inhibition of ACE in peripheral tissues such as the 
vascular wall may be as important as the inhibition of 
plasma converting enzyme in explaining the antihyper- 
tensive effects of long-term ACE inhibitor administra- 
tion. 

Cohen and Kurz'® evaluated inhibition of plasma and 
tissue ACE and mean arterial pressure after oral admin- 
istration of captopril to spontaneously hypertensive rats. . 
At 24 hours after drug administration, plasma ACE 
activity had returned to pretreatment values, but mean 
arterial pressure was still significantly reduced. At the 
same time, converting enzyme activity was still signifi- 
cantly depressed in kidney, lung, and aorta, but not in 
brain or heart. They concluded that inhibition of ACE in 
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FIGURE 1. A proposed model ot the intracaliuar renin-angio- 
Angiotensinogen is synthesized. 


by cell-surface converting enzyme to 
nD (Reproduced with permission from Am J Car- 
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os certain tissues may hae a ‘stronger cotrelation with the 
antihypertensive. effects of ACE inhibitors than inhibi- 
tion of serum enzyme activity. 

Kaplan et al!” provided further data suggesting that 
inhibition of plasma converting enzyme may not be the 
only or even the most important mechanism by which 
ACE inhibitors achieve their hemodynamic effects. They 
compared the ability of different doses of quinapril to 
inhibit plasma, aortic, and brain ACE in rats. They 
showed (Figure 3) that quinapril doses (0.03 mg/kg) 


that reduced plasma ACE activity by nearly 80% had 


almost no effect on either brain or aortic ACE activity 
and had only threshold antihypertensive effects. Con- 
versely, 1.0 mg/kg doses of quinapril produced nearly 
100% inhibition of plasma ACE, almost 90% inhibition 
of aortic ACE, and substantial reductions in blood pres- 
sure. They concluded that there was a strong correlation 
between the effects of quinapril on aortic ACE activity 
and blood pressure, but little relation between the ability 
of quinapril to inhibit plasma ACE and the drug’s anti- 
hypertensive actions. 
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FIGURE 2. Systolic blood pressure and plasma i 
ng and after oral treatment with Hoe 498 (1 


Enzyme was inhibited (p <0.001) 
treatment and increased (p <0.001) 5 days after drug 
discontinuation. Blood pressure was : ip 
<0.05) in both groups for 2 weeks after the end of treatment. 
oa with permission from. J Cardiovase Pharma- 
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Sakaguchi et al!® used both autoradiographic and 
fluorimetric methods to compare the effects of single oral 
doses of lisinopril in rats. At 4 hours after drug adminis- 
tration, ACE activity was significantly reduced in serum, 
kidney, adrenal gland, duodenum, lung, and in the sub- 
fornical organ and the organum vasculosum of the lami- 
na terminalis, At 24 hours after lisinopril administration, 
ACE in plasma had recovered to normal levels, but was 
still significantly below normal in all of the aforemen- 
tioned tissues. aE E 

-Richer et al!” compared the pharmacokinetic and 
hemodynamic effects of orally administered captopril 
and observed that its antihypertensive action lasted well 
beyond the time at which the drug was demonstrated in 
plasma and also beyond the time at which it had any 
significant effect on the activity of plasma ACE (Figure 
4). They suggested that the discrepancy between the 
pharmacokinetic profile of captopril and its clinical ef- 
fects may have been due to the formation of active me- 
tabolites (e.g., captopril disulfide) whose levels were not 
measured in their assay. Nevertheless, it is also possible 
that accumulation of captopril in tissue and its inhibition 
of local angiotensin IT production may have been the 
source of the difference between the hemodynamic and 
pharmacokinetic data obtained by them. 

It has also been shown that plasma levels of ACE 
inhibitors do not strongly correlate with the degree of 
blood pressure reduction achieved by these drugs. Shaw 
et at”? measured plasma free captopril concentrations 
and the hemedynamic response to this ACE inhibitor in 
patients with chronic severe heart failure. They found 
that plasma free captopril concentrations varied >20- 
fold in their patient sample, but captopril concentrations 
did not correlate with maximal reductions in systemic 
vascular resistance. Fruncillo et al?! also reported that 
there was no apparent correlation between serum enala- 
prilat concentrations and the magnitude of blood pres- 
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ure reductions, Frank et al’? observed no significant 
correlation between plasma concentrations of quinapri- 
at, the active metabolite of quinapril, and the magnitude 
lood pressure reductions in elderly hypertensive pa- 
ents, 
- In contrast, Johnston et al’? found that plasma enala- 
rilat levels were strongly correlated with the degree of 
hibition of plasma ACE and reductions in blood pres- 
ure after administration of enalapril. These findings are 
t odds with those of Unger et al,'° who observed that 


a 








blood pressure remained below normal after withdrawal 
of enalapril from spontaneously hypertensive rats. They 
_ differ also from the results of Ohnishi et al?4 who admin- 
a istered enalapril orally. to healthy volunteers: Tmax 0C- 

; curred at I hour after dosing, although significant effects 
on blood pressure were not observed until 4 hours after 
_ drug administration. 


















- plasma ACE increased to ‘supranormal levels whereas © 


ACE inhibitors (Table 1). These include their oral. bio- 
availability, the affinity with which they bind to ACE, 
and their tissue distribution and penetration. The bio- 
availability of ACE inhibitors in different tissues is influ- 
enced by a number of factors (Table I), These include 
lipid solubility, tissue penetration, the ability to access 
active transport systems, and the ability to penetrate the 


: blo6d—brain barrier. 


The affinity of different ACE inhibitors for converting 
enzyme in plasma and tissues was assessed by Johnston et 
al?> by displacement of the lisinopril derivative [!°°1]351- 
A. In plasma, lung, kidney (Figure 5), and the 4 chambers 
of the heart (Figure 6), the ICso values of quinaprilat were 
lower than those of benazeprilat, perindoprilat, lisinopril, 
or fosinoprilat. Fabris et al% also compared the ability of 
quinaprilat, benazeprilat, perindoprilat, fosinoprilat and 
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strong dose-response relation between the effects of | 
-quinapril on aortic ACE activity and its effects on blood a 
a peau has been shown.!7 
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_» decrease. Xp <0.05; tp ppe in <0.001 (compared with 
preter ero (Reproduced with permission from Br J 








zyme inhibitors: quinapritat; benazeprilat; perindoprilat; 
351A; lisinopril; and fosinoprilat. (Reproduced with permis- 
sion from J Hypertens.) 
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eatures that Differentiate ACE inhibitors 


; harmacokinetics 
“Chemical structures (SH group) 
‘=v Predrugs (ester /diacid) 
“Oral and tissue bioavailability 
-o tipid solubility (ester /diacid) 
uo Binding affinity 
Metabolism 
Active metabolites 
Hepatic route 
Renal excretion 
“Pharmacodynamics 
Potency 
‘Binding affinity and characteristics 
Tissue bioavailability 
Regional blood flow 
Non-angiotensin effects 
Bradykinin 
Prostaglandins 
Free radical scavenger 



























in: Reproduced with permission from J Hypertens. 2° 
LACE =. angiotensin-converting enzyme; SH = spontaneously hypertensive. 








ae lisinopril to displace [!*°1]351-A from membrane homoge- 
fates of the rat heart. Their results indicated the following 


<- “order of potency”: quinaprilat = benazeprilat >perindo- 
prilat > lisinopril >fosinoprilat. Together these data indi- 
- “cate that quinaprilat has a high affinity for cardiac con- 
= verting enzyme. Fabris et al% suggested that the order of 
| potency of the tested inhibitors may relate to differences in 
the: lipophilicity of these agents. It is not clear, however, 
whether this is due to differential penetration of the mem- 
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| TABLE Factors that Influence the Tissue Bioavailability of 
ACE Inhibitors = 


i Plasma concontiation. 

: oe Lipid solubility (prodrug /diacic) 

| Tissue penetration tester /diacid) 
| Active transport system 

| Blood-tissue barrier (brain, testis) 
Tissue esterase activity 


Reproduced with permission trom J Hypertens? 
Abbreviation asin Table L ; 









brane environment by inhibitors, or specifically due to 
differences in inhibitor affinity for enzyme. Whereas the 


lipophilicities of ACE inhibitors have not been estimated, 


Johnston et al% noted that esterified prodrugs such as 
quinapril are more lipid soluble than active diacids such as 
quinaprilat, and that the former may more readily pene- 
trate tissues. Therefore, the chemical nature of ACE in- 
hibitors may be significant not only in determining the 
binding of the inhibitor to ACE, but also in determining 
the concentration of inhibitor in the lipophilic membra- 
nous environment of the enzyme, 

In this regard we may note that esterified prodrugs 
such as quinapril have considerable ACE inhibitory ac- 
tivity and their relative abilities to penetrate tissues may 
be an important determinant in differences in activity. 
Thus, Kaplan et al?” evaluated the ability of quinapril, 
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angiotensin-converting 
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: enalapril, and d ciptopiil to inhibit ACE froth guinea pig 
_ serum (Figure 7) and found that the molar concentration 
-of quinapril required to achieve 100% inhibition of ACE 
was <10% of that required to achieve the same inhibition 
S level with either enalapril or captopril. 








- Some ACE inhibitors are capable of penetrating the 
: blood-brain barrier if they are administered in high 
_ doses. Jackson et al? have shown that oral gavage with 
_ perindopril 16-32 mg/kg reduced brain ACE activity. 
Johnston et al?> also demonstrated that increasing doses 
- of perindopril progressively inhibited ACE activity in rat 
_ caudate putamen and globus pallidus. Cohen and Kurz'¢ 
7 provided similar data for enalapril, showing a dose-pro- 
ae portional inhibition of brain enzyme in rats. 

On the other hand, Kaplan et al?’ demonstrated that 
eS oral administration of either 0.1 or 1.0 mg/kg of quina- 
3 pril to rats failed to inhibit brain ACE, although plasma 
and aortic ACE were ‘inhibited. The lack of effect of 
_ quinapril on brain ACE activity was confirmed by John- 
-ston et al.25 After administration of {'C]quinapril, the 
radiolabeled quinapril distributed rapidly and extensively 
-to all tissues except the brain in rats.28 Heald and Ita”? 
-also reported that radiolabeled captopril did not pene- 
trate the central nervous system in rats. 







































| camca SIGNIFICANCE OF DIFFERENCES 
OF ANGIOTENSIN- 








0 ¢ surprising i if suc differences were not reflected 
-in differences in clinical efficacy. “For example, both quina- 
fe prila and quinaprilat have lower ICs values for ACE inhibi- 
tion than captopril?” Furthermore, administration of 1.0 
mg/kg of quinapril to hypertensive rats resulted in near- 
slete inhibition of both plasma and aortic ACE activity, 
it reduced brain ACE activity by <15%.?’ Cohen and 
16 showed that 10 mg/kg captopril was required to 
hieve similar inhibition of aortic and plasma ACE in 
= spo pontaneously hypertensive rats, but captopril also pro- 
duced a 73.7% reduction in brain ACE activity. The signifi- 
cance of this difference between captopril and quinapril in 
penetrating the central nervous system remains to be fully 
- elucidated, but it seems to have little bearing on the control 
ee _of hypertension. For example, in a multicenter double-blind 
study of 172 patients with moderate to severe hypertension, 
twice-daily administration of quinapril with a total dose of 
20-80 mg/day was significantly more effective than capto- 
pril (50-200 mg/day). After a minimum of 4 weeks of 
treatment, evaluable patients showed a significantly greater 
reduction in diastolic blood pressure in the quinapril group 
than in the captopril group (18.6 vs 15.3 mm Hg, respec- 
rely, p <0.05). 
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CONCLUSION 

The studies summarized in this review strongly. sup- 
port the concept that tissue renin-angiotensin systems 
are likely to play a very important role in the control of 
blood pressure. The data also support the conclusion that 
different ACE inhibitors vary significantly in their abili- 
ties to penetrate tissue and bind to converting. enzyme. 
Several investigators have suggested that these differ- 
ences may be closely related to the relative lipophilicity of 
these agents, Finally, correlation of experimental and 
clinical data provided preliminary indications that differ- 
ences in the properties of ACE inhibitors that have been 
established by in vitro and animal experimentation may 
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clinical efficacy of these drugs. 

‘Further advances i in the treatment of hypertension 
with ACE inhibitors are likely to arise from continuing 
evaluation of the effects of existing and newly developed 
drugs in isolated tissue, as well as an advancement in our 
understanding of the role that local renin—angiotensin 
systems play in the control of blood pressure. 
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Effects of Antihypertensive Agents on 


Coronary Artery Disease Risk Factors 
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S 7 The adverse effects of certain antihypertensive 
__ medications, most notably diuretics and 8 

: _ blockers, on serum lipids, glucose, and potassi- 
um may explain why control of hypertension has 
not been accompanied by declines in coronary 


artery disease. Evidence indicates that angioten- 


: _sin-converting enzyme (ACE) inhibitors, includ- 
_ ing quinapril, the newest member of this class of 


__ drugs, have no deleterious effects on these coro- 


- nary risk factors. In addition to differences in 
- chemical structure, the unique activity of quina- 
-pril at the local tissue level might to some degree 


explain its comparatively favorable clinical pro- 


file. Consequently, ACE inhibiting agents may be 
better choices for the management of patients 
__ with mild-to-moderately elevated blood pressure. 
- However, controlled clinical trials with these 
drugs are needed to determine their impact on 
ae events related to coronary artery disease. 
oe (Am J Cardiol 1992;69:33C-—39C) 
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blood pressure levels were correlated to risk of coro- 

nary artery disease (Figure 1).' Study participants 
with systolic blood pressure 2160: mm Hg or diastolic 
blood pressure 295 mm Hg were at a two- to threefold 
higher risk of coronary artery disease than those with 
lower blood pressure levels, Borderline hypertension, de- 
fined as a systolic blood pressure of 140-159 mm Hg and 
a diastolic blood pressure of 90-94 mm Hg, was associ- 
ated with a 50% increase in the rate of coronary artery 
disease in the study cohort. 

Pooling Project data obtained from more than 7,000 
middle-aged white men also demonstrated a relation be- 
tween blood pressure and the risk of a major coronary 
event.2 Mean systolic blood pressure was significantly 
higher in men who experienced a first coronary event 
during the follow-up periods of the various individual 
studies included in the project. This was true for all 4 age 
groups examined: 40-44, 45-49, 50-54, and 55-59 
years. The magnitude of the difference ranged from 5 to 
7 mm Hg in the 3 younger groups. Mean systolic blood 
pressure in 55- to 59-year-old men who experienced coro- 
nary events was 13 mm Hg higher than in those in whom 
such events did not occur. 

Combined data from 5 of the epidemiologic studies 
included in the Pooling Project showed that the age- 
adjusted risk of a new coronary event in men with systolic 
blood pressure <120 mm Hg was only 70% of the aver- 
age risk. In contrast, the risk in those with systolic blood 
pressure >150 mm Hg was 50% greater than average. 

The risk of a first major coronary event was likewise 
associated with the level of diastolic blood pressure. 
Mean diastolic blood pressures were 3.5-6.5 mm Hg 
higher in study subjects who experienced such an event. 
The age-adjusted risk increased from only 72% of the 
average risk in men with diastolic blood pressure £76 
mm Hg to 156% of the average risk i in those with a 
diastolic blood pressure >93 mm Hg 


I nthe Framingham Study, both diastolic and systolic 





IMPACT OF ANTIHYPERTENSIVE THERAPY 
ON CORONARY ARTERY DISEASE 
Results of these epidemiologic investigations suggest- 
ed that control of hypertension might reduce the risk of 
coronary artery disease. Such a beneficial effect has in- 
deed. been noted in patients with severe. blood pressure 
elevations. Men with a diastolic blood pressure of 115- 
129 mm Hg at the time of admission to the Veterans 
Administration Cooperative Trial responded to antihy- 

















_venting events rel aed to coronary artery disease in pa- 
-< tients with less severely elevated blood pressure is not as 
clear. 

Most of the prospective trials conducted to evaluate 
the effect of a pharmacologic reduction of mild to moder- 
ately elevated blood pressure on mortality and morbidity 
have demonstrated a decline in hypertension-related 
events, such as stroke, congestive heart failure, progres- 
‘sion to severe hypertension, and renal failure.+6 In con- 
trast, coronary artery disease has generally remained 
unaffected. Inthe Oslo Study, the actively treated group 


` +; actually experienced a higher incidence of fatal and non- 


“fatal coronary events than the control group.+° In the 
Multiple Risk Factor Intervention Trial (MRFIT), an 
excess of sudden deaths was noted among those patients 
-with nonspecific electrocardiographic abnormalities at 
the time of entry into the study who were assigned to 
vigorous coronary risk factor reduction therapy at special 
clinics.4 
_ Adverse effects on coronary risk factors mediated by 
the drugs used to lower blood pressure have been pro- 
posed as a possible explanation for the very modest, if 
_ any, beneficial effects of antihypertensive therapy on the 
_ incidence of coronary events.*.’ This theory is supported 
_ by the fact that the treatment regimens used in virtually 
all of these trials included diuretics, 6-adrenergic 
< blockers, or both, agents known to have an adverse im- 
pact on certain coronary artery disease risk factors, in- 
- ¢Cluding serum lipid, glucose, and potassium levels. 
A number of widely used antihypertensive agents are 
known to affect serum lipids adversely. A review by 
~ Weidmann et alô indicates that thiazide diuretics cause a 
“slight increase in total cholesterol and significant in- 


STANDARDIZED: REGRESSION: 


STANDARDIZED REGRESSION 
COEFFICIENTS: 


SYSTOLIC DRASTOLIC. 
oa 0.270 


SYSTOUC 74-109 


2 190-300 . 74-109 
DIASTOLIC 20:6% 


110-180 20-60 


CASUAL OFFICE BLOOD PRESSURE 


-creases in low-density 
¿density lipoprotein (VLDL): cholesterol. 


140-448 
80-89 





ipoprotein (LDL) and very Jow- 


Ames*” used coronary risk tables developed from 
Framingham data to determine the impact of diuretic- 
induced changes in serum lipids on the probability of 
developing coronary artery disease. His analysis showed 
that the 15 mg/dL increase in total cholesterol associated 
with chlorthalidone therapy offset the decline in coronary 
artery disease expected as a result of a drug-induced 
reduction in blood pressure by 25%. The small 12 mg/dL 
increase in total cholesterol that occurred in. patients 
treated. with hydrochlorothiazide offset the beneficial 
blood pressure-lowering effects of this drug by 50%. 

For the past several years, 6-adrenergic blocking 
agents have been regarded as an alternative to diuretics 
for the initial management of hypertension. A review of 
reports of the influence of A blockers on serum lipids 
shows that these drugs generally increase total and 
VLDL triglycerides by. approximately 25 and 40%, re- 
spectively, and decrease high-density lipoprotein choles- 
terol by approximately 10% (Figure 2). Total cholester- 
ol and LDL cholesterol are largely unaffected by i 
blocker therapy. 

It appears that cardioselective agents such as atetiolol l 
or metoprolol may have a lesser effect on triglyceride 
levels than nonselective 8 blockers such as propranolol 
and oxprenolol.® However, significant increases in 
VLDL and: significant decreases in HDL cholesterol 
have been noted with both selective and nonselective 
drugs. There is also evidence that 8 blockers with intrin- 
sic sympathomimetic activity such as pindolol may not 
significantly affect total cholesterol, HDL cholesta, or 
triglyceride levels. 

The impact of other forms of antihypertensive theri 
on serum lipids is less clear. Evaluation of the effects of 
sympatholytic agents, such as methyldopa, clonidine, and 


FIGURE 1. Incidence of coronary artery 
disease over a 20-year follew-up period « 
according to systolic and diastolic blood 
pressure levels in male and female Fra- 
mingham study participants between the 
ages of 45 and 74 years. (From Castelli.') 
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: gabei is complicated by the fact that these drugs are 
__ seldom used as monotherapy but rather in combination 
-with a diuretic or a 8 blocker. The limited data that are 
e available suggest that clonidine may reduce total plasma 
holesterol.® Changes reported with methyldopa include 
ictions in total, HDL, and LDL cholesterol and both 
2 peas and decreases in total triglyceride levels.o® 
Direct vasodilators, which include hydralazine and 
| minoidil, do not appear to have a significant effect on 
serum lipids. When given alone, however, these agents 
`“ cause reflex stimulation of the sympathetic nervous sys- 
‘tem and the renin—angiotensin system, resulting in in- 
< creases in heart rate and myocardial oxygen consump- 








tion and retention of salt and water.® To blunt this com- 


- pensatory activity, these drugs must frequently be given 
_ along with 8 blockers and diuretics, which, as previously 


discussed, have potentially detrimental effects on serum 


lipid profiles. 

: ao _ Although they do produce a number of central ner- 
7 vous system or cardiovascular side effects, or both, calci- 
um antagonists and post-synaptic a-receptor blockers, 
: such as prazosin, appear to have little or no significant 
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_ coronary artery disease over a 16-year 

“follow-up period according to blood glu- 30 
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effects on lipid metabolism or serum. nlipid and lipoprotein , 
levels. 


DIABETES MELLITUS AND =€ 
IMPAIRED GLUCOSE TOLERANCE 

The increased susceptibility of diabetic patients to 
coronary artery disease is well recognized. It has been 
suggested that patients with drug-induced impairment of 
carbohydrate metabolism may also be at an increased 
risk for the same coronary complications associated with 
overt diabetes mellitus.’ 

This theory is supported by 16-year follow-up. data 
from the Framingham Study, which showed a relation 
between blood glucose levels and coronary artery disease. 
A modest increase in coronary risk was noted even in 
those Framingham participants with blood glucose levels 
within the usually accepted range (Figure 3).! A much 
more dramatic increase in risk was apparent at the high 
glucose levels characteristic of diabetes mellitus. 

Similar to serum lipids, serum glucose levels may also 
be adversely affected by antihypertensive therapy. Alter- 
ations in glucose metabolism ranging from asymptomat- 
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`. ic impairment of glucose tolerance to overt diabetes mel- 
-Mitus have been reported in patients treated with thiazide 
diuretics.!° Data reviewed by Sowers!! show a progres- 
sive deterioration of glucose tolerance in hypertensive 
patients over a 14-year period of continuous therapy with 
«thiazide diuretics. Discontinuation of these drugs re- 
sulted in an improvement in glucose tolerance (Figure 4). 


; . Hypertensive patients treated with diuretic-based regi- 


“mens by Ames‘ also demonstrated significantly higher 
glucose levels during therapy than after withdrawal of 
| these drugs. In contrast to the ACE inhibitor captopril, 
: Pollare et al'* reported significant decreases in the insu- 
lin-mediated disposal of glucose in patients treated with 
< hydrochlorothiazide (p <0.01), as well as increases in 
basal insulin secretion and the late insulin response to 
glucose. A reduction in serum potassium levels induced 
by diuretic therapy has been proposed as a contributing 
factor, if not the primary mechanism, for diuretic-in- 
duced changes in glucose metabolism.’ The prevention of 
diuretic-induced hyperglycemia by the use of potassium 
supplementation supports this explanation.'? 

Impaired glucose tolerance may also be a concern 
with the use of clonidine, prazosin, calcium antagonists, 
and @-adrenergic blockers. A longitudinal population 
study conducted in Sweden demonstrated an increased 
risk of diabetes in hypertensive women treated with 8 
blockers, diuretics, or a combination of these 2 types of 
drugs.'4 Mohler et al!> reported the development of overt 
diabetes mellitus in 7 of 40 hypertensive patients treated 
with the 8 blocker propranolol for >6 months. An addi- 
tional 16 patients exhibited abnormalities in glucose tol- 
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FIGURE 4. Results of oral glucose tolerance tests in 10 hyper- 
tensive patients before and after 14 years of thiazide treat- 


D ment and 7 months after thiazide withdrawal. (From Sow- 


ers,1!) 
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erance. Inhibition of insulin ‘secretion, which may be 
unrelated to blockade of 6-adrenergic receptors,’ appears 
to be the mechanism responsible for the alterations in 
glucose metabolism observed with @-blocker therapy. 


HYPOKALEMIA 

Hypokalemia is a common, well-recognized compli- 
cation of diuretic administration. MRFIT findings gen- 
erated a renewed interest in the clinical significance of 
this metabolic alteration. Patients in this trial with base- 
line resting electrocardiographic abnormalities who re- 
ceived risk factor reduction therapy (including blood 
pressure-lowering medication) at special clinics demon- 
strated a 61% higher rate of death attributable to coro- 
nary artery disease than similar patients referred to their 
usual source of care within the community. Diuretic- 
induced hypokalemia was suggested as a possible cause 
of the increased death rate in the special intervention 
group. 

The daily doses of 100 mg of hydrochlorothiazide or 
chlorthalidone used in treating many of the hypertensive 
patients in the MRFIT cohcrt were larger than those 
received by most hypertensive study subjects assigned to 
usual care.? Furthermore, the serum potassium levels of 
3.38 mEq/liter reported with this dose level is lower than 
the threshold level of 3.5 mEq/liter below which there is 
a sharp increase in the incidence of ventricular arrhyth- 
mias. 

The association between hypokalemia and ventricular 
ectopic activity has been recognized for a number of 
years. The first prospective investigation of the frequency 
of ventricular ectopy in nondigitalized patients with diu- 
retic-induced hypokalemia was conducted by Holland et 
al'® in 1981. Their study involved 21 patients with mild 
hypertension in whom plasma potassium had declined to 
<3.5 mEq/liter during previous diuretic therapy. Over- 
all, 7 patients developed ventricular ectopic activity after 
4 weeks of treatment with 50 mg of hydrochlorothiazide 
twice daily. Four of these patients showed evidence of 
complex ventricular activity, consisting of multifocal ven- 
tricular premature beats, ventricular couplets, ventricu- 
lar tachycardia, or a combination of these. Ectopy was 
attenuated when spironolactone was added to or substi- 
tuted for hydrochlorothiazide. 


ANGIOTENSIN-CONVERTING 
ENZYME INHIBITORS 

Angiotensin-converting enzyme (ACE) inhibitors, 
which are used in the management of both hypertension 
and congestive heart failure, act by blocking the activity 


of ACE, the eazyme responsible for the conversion of the 


inactive decapeptide angiotensin I to the potent vasocon- 
strictor angiotensin II. In contrast to other classes of 
antihypertensive agents, these drugs have demonstrated 
no significant adverse effects on coronary risk factors.!’ 











The prototype ACE inhibitor, captopril, first became 
_available for clinical use in 1981. During the early years 
: fter the introduction of this drug, a high incidence of 
rash, taste disturbances, proteinuria, and neutropenia 
was reported in captopril-treated patients.'"!* The inci- 
dence of such side effects was subsequently found to be 
‘related to a number of factors, including the sulfhydryl 
- group present in the captopril molecule, the high doses of 
_ the drug that were used initially, and the health status of 
the population originally treated with this drug (i.e., pri- 
` marily patients with severe, complicated hypertension 
often accompanied by renal impairment and collagen 
vascular disease).'® Subsequent research resulted in the 
development of ACE inhibitors devoid of the sulfhydryl 
group. These newer agents, which include lisinopril, ena- 
_lapril, and quinapril, appear to have a favorable safety 
profile compared with captopril at high doses.'7.!90 
Neither captopril nor the newer ACE inhibiting 
agents have been found to significantly affect serum 
-cholesterol levels, glucose metabolism, or potassium bal- 
~ance.!7 In fact, a slight increase in serum potassium, 
“believed to be related to the effect of these drugs on 
aldosterone, has been observed with the use of ACE 
- inhibitors as monotherapy.'” 20 When given in combina- 
tion with a diuretic, these agents may attenuate the de- 
Aiie: in serum potassium generally associated with diu- 






APRIL, A NEW ANGIOTENSIN- 

VERTING ENZYME INHIBITOR 
~ Quinapril is a new nonsulfhydryl ACE inhibitor that 
is generally better tolerated than captopril or enalapril.! 
The effectiveness of quinapril in the management of mild 

to moderate hypertension has been established.?*? 

- Quinapril has been shown to be significantly more 
~ effective than captopril in the treatment of moderate to 
“severe hypertension.” The mean decrease of 18.2 mm 
_ Hg in diastolic blood pressure with quinapril in this study 
__ was significantly (p <0.05) greater than the 14.8 mm Hg 
mean decrease in diastolic blood pressure observed with 
‘captopril, based on an intent-to-treat analysis of all pa- 
tients with a blood pressure measurement within the 
specified time window (8-16 hours after the dose). The 
percentage of patients who had adequate control of dia- 
stolic blood pressure at the low or middle ACE inhibitor 
dosages was twice as high for quinapril as for captopril. 
After oral ingestion, quinapril is hydrolyzed to its 
diacid, quinaprilat, a more active ACE-inhibiting com- 
pound than the parent drug. In vitro studies have shown 
that quinaprilat markedly inhibits plasma ACE activi- 
- ty.25 Orally administered quinapril attenuates the pressor 
= response to angiotensin I in both animals and hu- 
_- mans.?56 The hypotensive response of renal hyperten- 
sive rats to quinapril has been found to correlate better 
with aortic ACE inhibition than with plasma inhibition 
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TABLE I Effect of Quinapril on Plasma Lipids in Rats 
Cholesterol Trigylceride 











Dose 
Diet /Model Route (mg/kg) (% Change) (% Change) 
peed 
Cholesterolfed Oral 50 ~12,~34* ~39,-41 
Cholesterol-fed Oral 1 ~9(NS) 15 (NS) 
3 3 (NS) ~18 (NS) 
10 ~8 (NS) ~10 (NS) 
Chow-fed Oral 3 -17 ~12 
10 ~25 -34 
Fructose-fed Intraperitoneal 3 —_ +4 (NS) 
10 vn +4: (NS) 
Reproduced with permission from Kaplan.” 
* Results using 2 different rat strains. 
N = 5 to 9 rats / group; NS = not significant. k | 


of the enzyme.?> This observation is in agreement with 
other experimental data that suggest that inhibition of 
ACE at the local tissue level may be more important to 
the blood pressure-lowering effect of ACE inhibitors 
than plasma ACE inhibition.*” Specifically, vascular tis- 
sue ACE inhibition may be more predictive of the anti- 
hypertensive activity and overall clinical profile of quina- 
pril than plasma ACE inhibition. 

Extensive safety evaluations in >2,000 patients with 
hypertension and congestive heart failure who received 
quinapril during long-term, double-blind, and open-label 
trials indicate that this new ACE inhibitor is very well 
tolerated.2! Adverse events in quinapril-treated patients 
have generally been mild and transient and have seldom 
necessitated discontinuation of the drug. Furthermore, 
no significant adverse effects on serum lipid, glucose, or 
potassium levels have been detected with quinapril. 


EFFECT OF QUINAPRIL 
ON SERUM LIPOPROTEINS 

Studies in animals: The preclinical evaluation of 
quinapril in animals included an investigation of the ef- 
fect of this drug on serum lipids and lipoproteins. These 
studies were conducted in various rat models with oral or 
intraperitoneal quinapril, or both.?° 

Plasma cholesterol and triglyceride levels in cholester- 
ol-fed rats were unaffected by oral administration of 
quinapril at doses of 1-10 mg/kg/day for 1 week. How- 
ever, increasing the quinapril dosage to 50 mg/kg/day 
resulted in significant reductions of 34% in plasma cho- 
lesterol and 41% in plasma triglycerides (Table I). 

Chow-fed rats treated orally with 10 mg/kg of quina- 
pril showed a 34% decrease in plasma triglycerides. Cho- 
lesterol levels in these animals declined by 25%. The 
failure of intraperitoneal doses of 3 and 10 mg/kg of 
quinapril to prevent hypertriglyceridemia in fructose-fed 
rats suggested that the drug has no effect on lipogenesis 
and synthesis of VLDLs. 

Studies in humans: The most reliable indication of 
the effect of quinapril on serum lipids is provided by the 
results of a Finnish study that specifically examined both 















: i “TABLE u Serum Lipids and Lipoproteins; in ‘neue 
Patients During Treatment with Quinapril or Placebo 


















Quinapri Placebo 








ae (n= 16) (n=7) 
è 6141.6 6841.1 
pone Tg 2342.0 17409 NS 
HDL 1.28 +0.34 1.32 +0.57 NS 
LDL 41415 482409 NS 
HOL/LDL 0.342011 0.27 +0.11 NS 
al weeks 
= Chol 6.1415 6.7+1.2 NS 
ote 21213 1.5205 NS 
HDL 1.32 +0.33 1.46 +0,52 NS 
LDL 3941.4 4.7+1.0 NS 
i HDL,/LDL 0.36 +0.12 0.31 +0.08 NS 
| Lyear* 
Chal 6.3415 
Tg 2242.1 
HDL 1.26 40.37 
LDL 42414 
HDL/LOL 0.3440.15 
: p=NS 
Reproduced with permission from Koskinen et al.*® 
Chol = total cholesterol; HDL = high-density lipoprotein cholesterol, LDL = tow- 





density lipoprotein: cholesterol; NS = not significant; Tg = triglycerides. 





the short- and long-term effects of quinapril on serum 
triglycerides and on total, HDL, and LDL cholesterol in 


humans. 


‘The 23 subjects enrolled in this study included 12 
~ postmenopausal women and 11 men with mild to moder- 
ate hypertension. After a 2- to 4-week, single-blind, pla- 
cebo washout period, 16 of these patients were randomly 
_ assigned to receive quinapril at an initial dosage of 20 
mg/day. The quinapril dosage level was subsequently 
doubled at 4-week intervals, resulting in a final dosage of 
80 mg/day at the end of the initial 12-week study period. 
The other 7 patients were treated with placebo. After 12 
weeks of treatment, both quinapril- and placebo-treated 
patients showed only minimal changes in serum lipid and 
lipoprotein concentrations and in the HDL/LDL ratio 
(Table II). Values for these parameters did not differ 
significantly between the 2 groups. 
At the end of the initial 12 weeks of this study, 13 of 
the participants continued to receive quinapril on an 
open-label basis for an additional 9 months. The quina- 
_ pril doses used during this phase of the study were those 
previously found to control blood pressure in each pa- 







| Blind Clinical Trials with Quinapril 










TABLE i Incidence of Changes in Serurn Potassium in Patients with Hypertension or Congestive Heart Failure During Double-. 


Percentage of Patients 
©, Quinapril Quinapril : Quinapel Placebo Bas : Captopril Enalapril Chliorthatidone 
+ Diuretic Monotherapy + Diuretic + Diuretic S 4 Diuretic + Diuretic Moriotherapy 
Foes. 2 4 31 
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tient. Ten patients were treated with 40 mg of the drug 
daily and the other 3 received 20 mg. No significant 
changes in serum lipid and lipoprotein levels were appar- 
ent in these patients after a total of | year of combined 
double-blind and open-label therapy. 


EFFECT OF QUINAPRIL ON 
SERUM GLUCOSE 

Data on changes in urinary glucose concentrations 
are available for patients with both hypertension and 
congestive heart failure who participated in long-term, 
double-blind, and open-label studies with quinapril. 
Most of the patients evaluated had normal urinary levels 
at the end of treatment, and <2% of these study subjects 
demonstrated elevated levels at the end of treatment. Of 
48 patients with high urinary glucose concentrations at 
baseline, 28 (58%) had normal levels by the end of the 
study. 


EFFECT OF QUINAPRIL 
ON SERUM POTASSIUM 

Safety data from patients with hypertension or con-. 
gestive heart failure who were treated with quinapril 
during clinical trials indicate that the drug has a minimal 
effect on serum potassium (Table HF). Overall, hypo- 
kalemia was detected in only 3% of all patients who 
received quinapril, either with or without a diuretic. 
Those who received quinapril as monotherapy had a 2% 
incidence of hypokalemia, similar to that in the placebo 
(3%), captopril (2%) and enalapril (4%) treatment 
groups. 

The incidence of hypokalemia in patients. sh 3 re- 
ceived quinapril along with a diuretic, 7%, was higher 
than in those treated with quinapril monotherapy. How- 
ever, this incidence was still well below the 31% rate of 
hypokalemia in patients treated with chlorthalidone. 
This observation suggests that concomitant administra- 
tion of quinapril may attenuate the hypokalemic effect of 
diuretic therapy. 

Hyperkalemia was detected in only 2% of all patients 
who received quinapril, with or without a diuretic, and in 
3% of those treated with quinapril as monotherapy. 
These rates compared favorably with those observed in 
patients treated with. placebo (2%), with captopril (1%) 
and with enalapril (3%). 









































available evidence indicates that ACE inhibitors 
av no deleterious effects on significant coronary artery 
sease risk factors, including serum lipids, glucose, and 
tassium. Consequently, these agents may be better 
ices than diuretics or 8 blockers for the management 
of ‘patients with mild-to-moderately elevated blood pres- 
ure. Future controlled clinical trials will determine the 
effects of ACE inhibitors on the incidence of events relat- 
od to coronary artery disease. 
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"Effects of Inhibitors of Angiotensin Corivertinig 
: Enzyme on Regional Hemodynamics 


John S. Banas, Jr., MD 





` Anhibitors of angiotensin-converting enzyme 
(ACE) exert favorable regional hemodynamic ef- 
` fects at various sites. In patients with essential 
hypertension, ACE inhibitors reduce renal vascu- 
lar resistance while enhancing renal blood flow, 
glomerular filtration rate, and acute and sus- 
tained natriuresis. Whereas these agents may ei- 


ther reduce or have no effect on hepatic blood 


flow, they are associated with reduced splanch- 
nic resistance. ACE inhibitors reduce total pe- 
‘ripheral resistance and may maintain limb blood 
flow. In normal subjects, they augment blood 
_ flow to skeletal muscle and skin and reduce pe- 
ripheral resistance in vessels supplying these re- 


oe . gions. ACE inhibitors appear to exert a vasodila- 


tory effect on large arteries as well as arterioles. 
Dilatation is often accompanied by significant 
improvements in arterial compliance, possibly 
due to direct effects of the renin—angiotensin 
system on the arterial wall. Reduction of blood 
pressure is generally not accompanied by re- 
duced cerebral blood flow. Enhanced tissue ef- 
fects of newer ACE inhibitors such as quinapril 
-may result in improved regional hemodynamic 
effects. 
: -, (Am J Cardiol 1992;69:40C-45C) 
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disturbance is an increase in total systemic vascular 

resistance. If the condition deteriorates, the hemo- 
dynamic pattern may be associated with reduced left 
ventricular compliance, left ventricular hypertrophy and 
reduced blood flow to the brain, kidneys, and myocardi- 
um.! Therefore, major goals of antihypertensive therapy 
are to reduce elevated peripheral resistance and maintain 
adequate regional blood flow. 

While regional hemodynamics are responsive to local 
metabolic needs, other factors alter local perfusion.? Hy- 
peractivity of the renin-angiotensin system has been re- 
lated to changes in resistance vessels, and it has been 
established that increased levels of angiotensin II contrib- 
ute significantly to hypertension.? Angiotensin II, by its 
hemodynamic and tubular effects, modulates renal sodi- 
um and water excretion and has an important role in 
blood pressure regulation (Figure 1).4 

Angiotensin-converting enzyme (ACE) inhibitors 
block the vasoconstricting effects of angiotensin II, there- 
by reducing vascular resistance. In animals and humans, 
blood pressure reduction with some ACE inhibitors, es- 
pecially quinapril, a new nonsulfhydry! ACE inhibitor, 
correlates well with ACE levels and inhibition in vascular 
tissues (Figure 2).° 


I n essential hypertension, the primary hemodynamic _ 


EFFECT OF ANGIOTENSIN-CONVERTING 
ENZYME INHIBITORS ON RENAL 
BLOOD FLOW 

Because the renin—angiotensin system is closely con- 
nected to the kidney, many effects of ACE inhibitors on 
the functioning of both normal and diseased kidneys have 
been identified.’ Modification of the activity of the 
renin—angiotensin—aldosterone system may produce fa- 
vorable renal responses, including reduction of renal vas- 
cular resistance, enhancement of renal blood flow and 
glomerular filtration rate, acute natriuresis, sustained 
diuresis, and a decrease in urinary protein excretion.’ In 
patients with primary essential hypertension, therapy 
with ACE inhibitors has. reduced:renal vascular resis- 
tance, sustaining or improving renal blood flow and glo- 
merular filtration rate, as. well as resetting sodium and 
water balance and sparing potassium loss (Table I).8 

Despite pharmacokinetic differences, all ACE inhibi- 
tors seem to have beneficial effects on renal blood flow.79 
The renal hemodynamic effects of quinapril are similar 
to those of enalapril, and captopril. In a recent study, 
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_ Kaplan et al5 determined the renal hemodynamic effects 
_ of quinapril, captopril, enalapril, or saline in sodium pen- 
tobarbital-anesthetized dogs. Similar to older ACE in- 
hibitors, quinapril produced a dose-dependent elevation 
‘renal blood flow and a reduction in renal vascular 
_ resistance (Figures 3 and 4). 
-> The renovascular effects of ACE inhibition have im- 
~ portant clinical implications. In patients with hyperten- 
_ sion who have no detectable obstruction of renal blood 
flow, ACE inhibition reduces blood pressure while in- 
creasing renal blood flow7:'° and maintaining or improv- 
"ing glomerular filtration rate. However, in patients with 
renal: artery stenosis, the situation is different. 7 Because 
of the stenosis, renal perfusion pressure is reduced. 
_ Therefore, i in both animals and humans, ACE inhibition 
- and the subsequent depletion of available angiotensin II 
~ lead to a decrease or even a cessation of glomerular 
‘iltration beyond the stenosis. 
_ The renovascular effects of quinapril have been dem- 
nstrated in studies that included measurement of creati- 
` nine clearance or serum creatinine and serum urea levels. 
`. In 1 study of 20 hypertensive patients, quinapril (20 mg 
once daily) was administered for 7 days. Patients were 
stratified, with 5 patients in each group, according to 
creatinine clearance rates of >90, 61-90, 31-60, and 
0 <31 mL/min.'! In no group did the 7-day regimen of 
uinapril affect serum levels of either urea or creatinine. 
i nother study of 22 hypertensive patients, 17 of 
- whom mpleted the trial and were evaluated, quinapril 
< was administered on day 1 (20 mg once daily), and 
< subsequently on each day of days 4 through 10. Patients 
~ were stratified according to creatinine clearance rates: 
< >60 (4), 30-59 (5), and <30 mL/min (8). The average 
“creatinine clearance values for each group before treat- 
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TABLE I Beneficial Renal Responses to Interruption of the 
Renin-Angiotensin-Aldosterone Axis in Primary.Essential : 
Hypertension 










Reduction of renal vascular resistance 
Enhancement of renal blood flow 
Enhancement of glomerular filtration rate 
Acute natriuresis 

Increase in free water clearance 

Sparéd potassium loss 

Decrease in.urinary protein excretion 


Reproduced with permission from Bauer and Reams. ae 








ment were 105, 44, and 16 mL/min, respectively. At the 
end of the treatment period these values were 96, 48, and 
20 mL/min.!! 

In comparative studies of enalapril and quina, the 
proportion of patients with high serum creatinine values 
was similar for once- and twice-daily enalapril (5 and 
8%, respectively ) and twice-daily quinapril (6%), but the 
incidence decreased to 1% with once-daily quinapril. To 
explain these findings, it was suggested that once-daily 
quinapril allowed restoration of glomerular filtration 
pressure (and reversal of any renal hypotensive effect) 
toward the end of the dosing interval, while maintaining 
blood pressure control. !? 

Since elevated baseline serum creatinine concentra- 
tion has been demonstrated to be a strong independent 
risk factor for mortality in hypertensive patients, these 
findings may have broader clinical implications. '3 


HEPATIC BLOOD FLOW 

Although ACE inhibitors increase renal blood. flow, 
they appear to cause a reduction or no change in hepatic 
blood flow. Some clinical and experimental studies have 
demonstrated that the reduction in total systemic resis- 
tance with the ACE inhibitor captopril is associated with 
an increase in renal blood flow without any arteriolar 
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o dilatation i in planchnie or musculoskeletal beds, suggest- 
- ing that selective vasodilatation occurs in different re- 
-gional vascular beds.'4 
_ Crossley et al!4 studied the acute effects of captopril 
on hepatic blood flow and systemic hemodynamics in 6 
patients with essential hypertension. Mean arterial pres- 
sure decreased from 141.9 + 6.9 to 130.2 + 6.7 mm Hg 
(p <0.05) 1 hour after the administration of captopril. 
There was no significant change in other hemodynamic 





values, but hepatic blood flow decreased uniformly from 
1,127 + 115 to 841 + 93 mL/min (p <0.001). 
Eriksson et al’ reported somewhat different results. 
This group examined: the possible contribution of the - 
renin-angiotensin—aldosterone system to portal hyper- 
tension in patients with cirrhosis of the liver. Hepatic 
venous wedge pressure was 22 + 2 mm Hg in the basal 
state and decreased to 19-20 mm Hg at 45-90 minutes 
after the administration of captopril (p <0.05-0.01). 
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a FIGURE 3. Effects of quinapril, captopril, enalapril, and saline 
“(3 mi/dose) on renal blood flow in anesthetized dogs; *p 
20.05 vs control. © = control. (From Kaplan et al.5) 
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FIGURE 4. Effects of quinapril, captopril; enalapril, and saline 

(3 mi/dose) on calculated renal vascular resistance in anesthe- 

re eer eae en C = control. (From Kaplan et 
=") 
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_. The difference in wedge-to-free hepatic venous pressure 
(basal 14 + 2 mm Hg) remained unchanged after capto- 
-pril -and estimated hepatic blood flow was unaltered. 
___.. Despite the significant reduction or lack of change in 
hepatic blood flow reported by some investigators, ACE 
- -inhibition is associated with reduced splanchnic vascular 
<- resistance. Ventura et al!® observed a reduction in resis- 
tance in the splanchnic vasculature in 11 patients with 
mild to moderate essential hypertension immediately af- 
ter oral administration of 25 mg of captopril. Such find- 

-ings may have important clinical implications. 











LIMB (PERIPHERAL) BLOOD FLOW 
Since changes in vascular resistance can be assessed 
indirectly by measurement of limb blood flow, investiga- 
tors have found it appropriate to assess the effects of 
|; different antihypertensive agents on limb blood flow and 
vascular resistance during treatment.!? These measure- 
ments may also be useful in predicting the effects of 
antihypertensive agents on the lower limb circulation in 
patients with hypertension complicated by peripheral 
vascular disease. 
ACE inhibitors reduce total peripheral resistance and 
maintain or somewhat reduce limb blood flow. Roberts 
~et al!’ found that despite differing modes of action, 4 
different drugs (atenolol, labetalol, pindolol, and capto- 
<: pril).reduced limb blood flow. The investigators attribut- 
_ ed this primarily to reduced perfusion pressure associated 
with limited autoregulation of skeletal muscle circula- 
o tion: 






SKELETAL AND CUTANEOUS PERFUSION 
ACE inhibition has also been found to augment skele- 
tal. flow in normal subjects. Ventura et al’ observed an 
immediate increase in blood flow to skeletal muscle and 
skin, as well as a reduction in vascular resistance in the 
<2 Vessels supplying these areas in patients treated with 25 
_mg_of captopril. Long-term treatment (8 weeks) with 
- captopril has also been found to increase skeletal muscle 
blood flow both at rest and during exercise as determined 
by the Xenon method.!® Moreover, long-term ACE inhi- 
bition appeared to improve exercise tolerance primarily 
in those patients in whom peak skeletal muscle blood flow 
was augmented. Several factors, such as reduction in 
plasma and vascular angiotensin II and sympathetic ner- 
vous activity, and increased prostaglandin levels and re- 
nal function, may contribute to this beneficial long-term 
effect,'8 


BRACHIAL ARTERY FLOW 
~The arterial effects of acute ACE inhibition are not 
__ restricted to the arterioles but also involve the large arter- 
 jes.!° Indeed, many studies have demonstrated an in- 
-crease in brachial artery flow with ACE inhibitors.2 








Vasodilatation in this region is not unexpected, since 
other vasodilators appear to have a primary action on 
muscle flow.* 

Faxon et al? found that after ACE inhibition, forearm 
blood flow significantly increased in normal subjects (2.8 
+ 0.8 to 5.9 + 1.0 mL/100 g; p <0.02). Forearm 
vascular resistance also decreased in normal volunteers. 
Ventura et al'® reported similar findings in patients with 
mild to moderate essential hypertension. 

In 1983, Simon et al!?2!-23 demonstrated the dilator 
effect of ACE inhibition on large arteries.*? In short- 
term investigations in patients with sustained essential 
hypertension, the investigators reported that, with a 
slight decrease in blood pressure, the brachial artery 
diameter increased markedly. Thus, it was shown that in 
addition to the more classic dilating effect on small arter- 
ies, ACE inhibition has a direct dilating effect on the 
intact large arteries. 

Simon et al?! also examined the effect of captopril on 
large arteries in men with sustained essential hyperten- 
sion. After captopril administration, a 20% increase in 
arterial compliance was observed. The same increase was 
obtained with a 5% (acute experiment) and 15% (short- 
term experiment) decrease in blood pressure, indicating 
that the decrease in pressure could not explain exclusively 
the increase in compliance. This assumption was studied 
with determinations of brachial artery diameter using 
original pulsed Doppler systems. After captopril admin- 
istration, brachial artery diameter increased markedly 
despite the decrease in blood pressure. The investigators 
concluded, therefore, that in addition to its effect on 
small arteries, captopril also has an effect on the large 
arteries of patients with essential hypertension. 

In patients with uncomplicated essential hyperten- 
sion, short- or long-term ACE inhibition was accompa- 
nied by a significant increase in arterial compliance and 
dilation of the brachial artery.!? The investigators related 
this response to changes in plasma or intraarterial angio- 
tensin or to changes in plasma potassium, or a combina- 
tion of these. 

The beneficial effect of ACE inhibition on the large 
arteries has also been shown to persist over long-term 
treatment. In a double-blind study, Simon et al?’ com- 
pared forearm arterial hemodynamics after enalapril and 
propranolol over a 6-month period. For the same de- 
crease in blood pressure, propranolol did not change the 
brachial hemodynamic indices whereas enalapril im- 
proved them. Arterial diameter and blood flow: velocity 
increased, causing a significant elevation in brachial 
blood flow. Furthermore, arterial compliance increased. 
The increase in arterial compliance was more- pro- 
nounced with enalapril than with propranolol, which 
caused the same decrease in blood pressure. The results 
of the studies by Simon et al suggest that ACE inhibition 
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TABLE ii ‘Desirable Regional Hemodynamic Effects of ACE 
Inhibition 






Increased renal blood flow 
Enkanced glomerular filtration rate 
Increased limb blood flow 

increased skeletal blood flow 

increased cutaneous blood flow 

Dilatation of the large arteries (e.g., brachial} 
Maintenance of cerebral blood flow 


ACE: = angiotensit-converting enzyme. 





was directly responsible for the improvement in the visco- 
elastic properties of large arteries in treated hypertensive 
patients. 

Based on the results of their studies, Simon et al 
concluded that ACE inhibition, whether in short- or 
long-term treatment, may reverse the functional alter- 
ation (reduced arterial compliance) of large arteries 
(e.g., brachial) in patients with essential hyperten- 
sion. !9:22 


CEREBRAL BLOOD FLOW 

` Both animal and human studies have demonstrated 
that ACE inhibitors can safely reduce blood pressure 
without impairing cerebral blood flow. Barry et al?4 ex- 
amined the cerebrovascular effects of the ACE inhibitor 
captopril in normotensive and hypertensive rats. Cere- 
bral blood flow was measured with the intracarotid !3°Xe 
injection method in halothane-anesthetized animals. The 


~~ blood-brain barrier permeability of captopril (deter- 


mined with an integral-uptake method) was negligible. 
When administered into the cerebral ventricles to bypass 
the blood-brain barrier, captopril had no effect on cere- 
bral blood flow. Furthermore, cerebral blood flow auto- 
regulation (studied by increasing and decreasing blood 
pressure) was identical to that in control subjects. 

In humans, captopril keeps regional cerebral blood 
flow constant even with lower blood pressure values.” 
Similar results. have been reported with enalapril. Frei 
and Müller-Brand* studied regional cerebral blood flow 
with the intravenous !3Xe method in 20 patients with 
«moderate hypertension. All patients received placebo fol- 
lowed by 2 months of therapy with enalapril. Despite a 


e significant reduction in blood pressure, regional cerebral 


blood flow was not impaired by enalapril. 

The means by which ACE inhibitors maintain re- 
gional cerebral blood flow during reduced blood pressure 
levels is uncertain. ACE in the brain is found on both 
sides of the blood-brain barrier; it occurs on the luminal 
endothelium membrane of cerebral vessels and within 


the brain.24 


Some ACE inhibitors penetrate the blood-brain bar- 
tier if administered in high doses. Oral gavage with per- 
indopril 16-32 mg/kg reduced brain ACE activity,27 





JE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 69 APRIL 2, 1992 






whereas increasing doses of perindopril progressively in- 
hibited ACE activity in rat caudate putamen and globus 
pallidus.28 Cohen and Kurz?’ reported similar data for 
enalapril, showing a dose-proportional inhibition of brain 
enzyme in rats. However, oral administration of either 
0.1 or 1.0 mg/kg of quinapril to rats failed to inhibit 
brain ACE, although plasma and aortic ACE were in- 
hibited.>° The lack of effect of quinapril on brain ACE 
activity was also confirmed by Johnston et al,?® using a 
similar animal model. After administration of [!4C]jquin- 
april to rats, radiolabel was distributed rapidly and exten- 
sively to all tissues except brain,!! It was likewise report- 
ed that radiolabeled captopril did not penetrate the cen- 
tral nervous system in rats.?! 

Therefore, ACE inhibitors differ in their ability to 
penetrate different tissues and to bind to tissue ACE. 
These properties may depend on the polarity or lipophili- 
city of an inhibitor. Such differences are likely to be 
reflected in differences in clinical efficacy. Indeed, both 
quinapril and quinaprilat have lower ICso values for 
ACE inhibition than captopril’? and administration of 
1.0 mg/kg of quinapril to hypertensive rats caused nearly 
complete inhibition of both plasma and aortic ACE ac- 
tivity, but reduced brain ACE activity by <15%.3° Co- 
hen and Kurz? showed that 10 mg/kg captopril was 
required to achieve similar inhibition of aortic and plas- 
ma ACE in spontaneously hypertensive rats, but it also 
produced a 73.7% reduction in brain ACE activity. 


CONCLUSION 

Since an increase in total vascular resistance is the 
primary hemodynamic disturbance of essential hyper- 
tension, the ideal antihypertensive agent would lower 
blood pressure Iwels while also reducing vascular resis- 
tance. ACE inhibitors have been shown to fulfill these 
requirements. Hemodynamically, all ACE inhibitors act 
as vasodilators. Desirable regional hemodynamic effects 
include increased renal, limb, and skeletal perfusion, di- 
lation of the large arteries such as the brachial artery, and 
maintenance of cerebral blood flow during blood pres- 
sure reduction (Table IT). 

Although the precise mechanism for increasing blood 
flow to local tissues is not clear, the effects of ACE 
inhibition on local renin—angiotensin systems clearly play 
an important role. Both animal and human data suggest 
that the principal action of ACE inhibitors, and particu- 
larly of quinapril, occurs at local tissue sites. This may- 
help explain the beneficial effects at the specific tissues 
affected by hypertensive disease (renal, hepatic, limb, 
skeletal, brachial, and cerebral tissues), and some of 
these effects may have even broader clinical implications. 
lt is also possible that different ACE inhibitors may have 
differential effects on individual tissue ACE with vari- 
able bioavailability in different organs. Thus, additional 
















TABLE m Potential vantages of New ACE Inhibitors (e.g., 


Enhanced bioavailability in certain organs 
Greater potency in local tissues 

Greater distribution in local tissues 
Longer duration of action in local tissues 










ACE a angiotensin-converting enzyme. 





ffects at tissue sites may be influenced by certain unique 
structural properties of the individual ACE inhibitors. 
_ Some agents (e.g., quinapril) may prove to have greater 
potency, distribution, or duration of action in local tis- 
sues, providing even more desirable regional hemody- 
amic effects (Table HI) and additional benefits for 
patients suffering from hypertension. 
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| Adverse Effects of Angiotensin-Converting 
Enzyme Inhibitors in Antihypertensive Therapy 
with Focus on Quinapril 


Barry J. Materson, MD 





Angiotensin-converting enzyme (ACE) inhibitors 
are useful first-line drugs in the therapy of mild 
and moderate hypertension. Adverse reactions 
to this drug class are rarely serious. Hypoten- 
„sion, cough, rash, and taste disturbance are un- 
common; reduced glomerular filtration and hy- 
perkalemia occur infrequently; angioedema is 
rare and neutropenia is extremely rare. 
Quinapril is a new ACE inhibitor that is con- 
verted to biologically active quinaprilat in the liv- 
er. This ACE inhibitor has a rapid onset of action 
and inhibits local tissue converting enzyme sys- 
tems in kidney, heart, and brain, as well as in the 
circulating renin—angiotensin system. Clinically 
significant adverse effects of quinapril occur at 
low rates. In 1,771 patients receiving quinapril, 
the reported incidence of the first occurrence of 
orthostatic hypotension was comparable to that 
seen in patients receiving placebo. In other stud- 
ies, headache was reported by up to 4.7% of pa- 
tients receiving quinapril, which is comparable to 
reported incidences of headache in patients re- 
ceiving other ACE inhibitors. Other adverse 
events reported at rates >1% include cough with 
associated rhinitis and bronchitis, dizziness, and 
somnolence. Such adverse events have only rare- 
ly led to the withdrawal of patients from clinical 
studies of quinapril. 
(Am J Cardiol 1992;69:46C--53C) 
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linical experience over the past decade has 
€ shown that angiotensin-converting enzyme 

(ACE) inhibitors are as effective as older drugs 
in lowering blood pressure, are associated with fewer 
symptomatic side effects, and produce little change in 
laboratory parameters. In addition, they appear to pos- 
sess both renal and cardioprotective properties. The seri- 
ous adverse reactions reported from early uncontrolled 
experience with captopril, the prototype drug, are rarely 
reported today. The early use of captopril in doses up to 
1,200 mg daily was mostly limited to severely hyperten- 
sive patients, many of whom had underlying diseases 
such as systemic lupus erythematosus and progressive 
systemic sclerosis.! The Veterans Administration Coop- 
erative Study Group on Antihypertensive Agents con- 
ducted a prospective double-blind study to determine 
whether much lower doses of captopril would be effective 
and safe in a population of patients with mild to moderate 
hypertension. This study demonstrated that as little as 
37.5 mg of captopril /day was as effective as 150 mg/day 
in this mildly hypertensive population and that the safety 
profile was excellent. In recognition of this and other 
favorable experience, the 1988 Joint National Commit- 
tee on Detection, Evaluation, and Treatment of High 
Blood Pressure* upgraded ACE inhibitors to first-line 
therapy along with diuretics, 8 blockers, and calcium 
antagonists. 


PHARMACOLOGY OF ANGIOTENSIN- 
CONVERTING ENZYME INHIBITORS l 

Mechanism of action: Although the mechanisms of 
action of ACE inhibitors have not been fully elucidated, 
their major foci involve both the endocrine renin~angio- 
tensin-aldosterone system and paracrine and autocrine 
{tissue and cellular) vasoactive substances. Renin acts 
enzymatically on the substrate angictensinogen to form 
the decapeptide angiotensin I, which in turn is cleaved by 
ACE into the octapeptide angiotensin II, a potent direct 
vasopressor and stimulant for aldosterone- release. 

ACE inhibitors act.at the tissue and cellular level by 
blocking the generation of angiotensin I1,°° increasing 
tissue levels of bradykinin, and directly or indirectly stim- 
ulating the synthesis. of prostaglandin and prostacyclin.’ 
This. action is of particular importance in the kidney 
vasculature (both arteries and veins), as well as in the 
heart and brain.8? Astrocytes have been identified as the 
source of angiotensinogen in the brain? 
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Early data suggested that ACE inhibitors were more 
effective in patients with high plasma renin activity than 
in those with low plasma renin activity. It soon became 
apparent, however, that they could be effective even in 
_. patients with low plasma renin activity, such as many 
black or elderly patients.!! These data drew attention 
_ also to the importance of distinguishing between groups 
- of patients when considering the relative efficacy of ACE 


_ inhibitors: these drugs are usually more effective in 


-> young patients than in old, and more effective in whites 

than in blacks. Combination of a thiazide diuretic with 

an ACE inhibitor abolishes these race and age differ- 
~ ences.!? 

Inhibition of both plasma and aortic ACE activity has 
-been demonstrated in renal hypertensive rats treated 
_ orally with doses of 0.01-1 mg/kg of quinapril. As may 


-o be the case with other ACE inhibitors, the antihyperten- 
-Sive activity of the drug, however, correlates poorly with 
_ plasma ACE inhibition. A much better relation is appar- 


- ent between the blood pressure-lowering effect of quina- 
_ pril and aortic ACE inhibition, suggesting that vascular 
«tissue ACE inhibition may be more important than plas- 
ma ACE inhibition in the antihypertensive effect and 
overall clinical profile of these drugs.'3 
Biochemistry: Captopril, the original orally active 
JACE inhibitor, is derived from the amino acid proline 
(Figure 1), as are most newer agents.'4 Because some of 
the side effects of captopril were originally attributed to 
sulfhydryl group, new drugs without such a group 
vere prepared and tested.'> Enalapril, ramipril, cilaza- 
-pril, and quinapril are prodrugs that are hydrolyzed in 
the liver to their pharmacologically active diacid metabo- 
‘lites, enalaprilat, ramiprilat, cilazaprilat, and quinaprilat, 
~~ respectively. Lisinopril, a lysine analog of enalapril, does 
= snot require hepatic activation, has a slow onset of action, 
-andis very long-acting. On the other hand, quinapril is 
also long-acting but has a rapid onset of action: signifi- 
cant reductions in plasma ACE activity are achieved 
¿within 1 hour of quinapril dosing, and peak plasma con- 
‘centrations of quinaprilat occur within 2 hours of admin- 
istration. !6 


SIDE EFFECTS 
Clinical experience with ACE inhibitors has led to the 
recognition that adverse effects are few and relatively 
. Mild; they lead to discontinuation of the drug in <5% of 
the patients who receive them for hypertension. Never- 
<- theless, there are adverse effects that need to be recog- 
- nized and dealt with appropriately. Many of them can be 

avoided altogether. 
~~ An incorrect assumption that. some or-all of the ad- 
-verse effects related to captopril were due to the presence 
of a mercapto group (HSCH)~), especially the sulfhy- 
drýl (—SH) moiety, led to the development of a large 
 mumber of compounds that did not have a sulfhydryl 
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group. The first of these was enalapril.” Subsequent 
experience has suggested that there may be some minor 
differences in the frequency of specific adverse effects 
between the various ACE inhibitors, but this has never 
been documented to be due to the sulfhydryl group. 

The potential adverse effects of ACE inhibitors are 
detailed with particular attention to their avoidance as 
well as their management. ` 

Hematologic effects: Aithough very rare, hemato- 
logic adverse effects associated with ACE inhibitors are 
the most serious.'*!9 The most common problem is neu- 
tropenia, which tends to occur:in the first 3 months of 
treatment. Aplastic anemia. is extremely rare; a few 
deaths have been reported, all associated with underlying 
disease. As previously mentioned, the high doses of cap- 
topril used in the uncontrolled treatment of seriously ill 
patients, some of whom were being treated with immu- 
nosuppressive agents or who had diseases that have asso- 
ciated hematologic abnormalities, have confounded the 
literature. Further complicating the problem is the obser- 
vation of spontaneous neutropenia in perfectly healthy 
people who are black or of Mediterranean origin, benign 
cyclic neutropenia, and the neutropenia that can be asso- 
ciated with ethanol ingestion.2° Cooper?! has reviewed 
this issue and put it into perspective. In a database: of 
>6,000 patients treated with captopril, only 83 were 
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FIGURE 1. Chemical structures of angiotensin-converting en- 
zyme inhibitors. 
















found with identifiable neutropenia. Of these, 39 failed to 
meet the criteria for captopril association mostly because 
of the concomitant use of cytotoxic agents. The 44 pa- 
tients. who were considered to have captopril-associated 
neutropenia were characterized by renal failure in 36 (11 
required maintenance hemodialysis) and by systemic lu- 
pus erythematosus or progressive systemic sclerosis (scle- 
roderma) in 13. Only 1 patient (0.02%) with normal 
renal function and no collagen vascular disease had neu- 
tropenia. This is comparable to many commonly used 
drugs, including the phenothiazines. In the group of pa- 
tients who had a serum creatinine 22.0 mg/dL, the 
incidence of neutropenia was 0.40%, and it was 7.2% for 
those patients who had both serum creatinine 22.0 mg/ 
dL and either lupus or progressive systemic sclerosis. In 
most of the cases, neutropenia was the only hematologic 
abnormality, but the more serious cases had thrombocy- 
topenia and evidence of erythropoietic suppression as 
well. Fortunately, most of the neutrophil counts returned 
to normal after discontinuation of captopril and some 
remained normal even after captopril was restarted. 

Leukopenia (<3,000 white blood cells/mm?) has 
been rare (0.5%) in patients receiving enalapril, and 
agranulocytosis and infection have not been ascribed to 
its use.2#23 

Available data for quinapril thus far attest to its rela- 
tively mild effect on bone marrow. No drug-related neu- 
tropenia (<1,500 polymorphs/mm?3) or agranulocytosis 
(<2,000 white blood cells/mm?) occurred in patients 
who received quinapril in clinical trials, and none showed 
clinical evidence of neutropenia or myelosuppression.?42 
Further follow-up revealed that a slight reduction in 
white blood cell count occurred in 0.4% of 1,600 patients 
and of neutrophils in 2.5% of 1,417 patients. In general, 
counts returned to normal during continued therapy. 

There have been no reports of hematologic toxicity 
associated with lisinopril.” Hemoglobin levels decreased 
in 1 patient but returned to baseline values within 2 
months of treatment discontinuation, whereas hemoglo- 
bin returned to baseline levels in 3 patients who continued 
therapy. No leukopenia or thrombocytopenia was seen. 
In a comparative study of ramipril (n = 129) and capto- 
pril (n = 119), no clinically relevant hematologic abnor- 
malities were found with either group.” 

How then.should the clinician deal with the issue of 
neutropenia associated with ACE inhibitors? I believe 
that the answer is very simple. If the patient has a serum 
creatinine level <2.0 mg/dL, no additional laboratory 
work is needed. The incidence of neutropenia is so van- 
ishingly low that serial complete blood cell counts are 
useless. Patients should have the same basic laboratory 


workup (including a complete blood cell count) that 


would be done for any routine hypertension patient irre- 
_ spective of the planned drug therapy. If, however, the 





patient has a serum creatinine >2.0 mg/dL, then the 
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clinician should exercise care to keep the dose of the drug 
as low as possible and to instruct the patient to call at the 
first sign of a sore throat. These patients tend to be 
monitored more frequently because of their underlying 
illness; routine complete blood cell counts are:still unwar- 
ranted. The vast majority of the sore throats will be due 
to causes other than neutropenia. ACE inhibitors may be 
lifesaving for patients with renal failure plus a collagen 
vascular disease. With intensive treatment, the life ex- 
pectancy for patients with scleroderma renal crisis has 
increased from an average of 23 days to many years.”8 
The risk of 7.2% neutropenia in a disease with a 93% 
mortality at | year if untreated seems well warranted. In 
summary, the problem of ACE inhibitor-associated neu- 
tropenia is a non-problem for the vast majority of pa- 
tients and those at risk can be easily identified and moni- 
tored appropriately. 

Proteinuria: The issue of proteinuria putatively asso- 
ciated with ACE inhibitors is particularly vexing not only 
because it is based on erroneous data, but because ACE 
inhibitors are of particular value in patients with protein- 
uria.28 Once again, the early uncontrolled use of capto- 
pril in seriously ill patients led to the incorrect assumption 
that captopril was responsible for proteinuria. This was 
compounded by the logical quantum leap to the conclu- 
sion that captopril was chemically similar to penicilla- 
mine, a compound known to cause proteinuria. This topic 
has been carefully reviewed by Lewis,”? who pointed out 
the frequency of proteinuria in the hypertensive popula- 
tion and the extreme difficulty in proving causality be- 
tween any ACE inhibitor and the development of pro- 
teinuria. Membranous glomerulopathy ts common and 
may present with hypertension without clinically impor- 
tant urinary abnormalities. These patients may pass the 
placebo washout phase of a controlled trial only to exhibit 
proteinuria after the study drug is started. Two of our 
patients in the Veterans Administration cooperative 
study on low-dose captopril’ developed proteinuria while 
taking placebo. In a trial we conducted with enalapril in 
which two 24-hour urine collections were required during 
the placebo washout phase, a male patient had <150 mg 
in the first sample and over 8,000 mg in the second! Had 
the patient received enalapril before the second collec- 
tion, the patient would have been erroneously classified 
as having enalapril-associated proteinuria. 

Six (0.66%) of 915 hypertensive patients from whom 
24-hour urine samples were collected curing enalapril 
phase IH clinical trials exhibited slight transient eleva- 
tions in urinary protein values, but none developed the 
nephrotic syndrome or glomerulonephropathy.”? Data 
from 660 patients who received lisinopril in hypertension. 
trials showed that 3 (0.5%) had urinary protein losses >1 
g/day.” Two of these patients had minor proteinuria 












5 g/day) and were permitted to continue therapy, 
__ whereas the third had entered the study with elevated 
urinary albumin values. Four patients (0.1%) of 3,031 
_— receiving quinapril in clinical trials had clinically unim- 
So portant proteinuria; none had serious renal impair- 
_ ment.” In a total of 248 patients treated in a multicenter 
study with either captopril (50 mg twice daily) or rami- 


<-u pril (10 mg once daily), no case of proteinuria was report- 


-> ed,?? whereas 0.6% of patients (n = 3,769) receiving ci- 
 Jazapril were found to have proteinuria.2° 
What should the clinician do about the issue of pro- 
- teinuria? I believe strongly that this is a non-issue. All 
_. hypertensive patients should have a urine dipstick test as 
part of their routine workup. If the protein indicator 
: records 21+ concentration of protein, a 24-hour urine 
-collection for protein should be performed. This should 
serve to identify those patients with baseline intrinsic 
renal disease. Further workup should be done as clinical- 
indicated. The presence of proteinuria is not a contra- 
_ indication to the use of an ACE inhibitor. Indeed, given 
_ that angiotensin II promotes proteinuria (as does hyper- 
tension, per se), this may actually be an indication for the 
use of an ACE inhibitor. 
‘Renal function: ACE inhibitors have different ef- 
fects on renal function in different clinical settings. An- 
giotensin II is 1 of the normal mediators of glomerular 
_ filtration rate. It helps to control the tone of the efferent 
a rterioles and is capable of causing mesangial cell con- 
-. traction. Maintenance of glomerular filtration rate dur- 
ing states of volume depletion (or distal to a stenotic 
<> lesion of a renal artery or in the reduction of effective 
_ intraarterial volume in patients with congestive heart 
~ failure) is a function of angiotensin II that is interdicted 
by ACE inhibitors, The net result in the aforementioned 
~ settings could be reduction of glomerular filtration rate. 
This readily explains the mechanism for the elevation in 
serum creatinine when patients are overdiuresed or be- 
‘come dehydrated when taking ACE inhibitors and when 











- ACE inhibitors are used to treat patients with severe 


congestive heart failure, especially if they are taking diu- 
retics. It also explains the phenomenon of reversible renal 
failure seen in patients with bilateral renal artery stenosis 
or stenosis of an artery supplying a solitary kidney (e.g., a 
renal transplant).?!2 

Most problems with decreased renal function associ- 
ated with ACE inhibitor therapy occur during the treat- 
ment of congestive heart failure. The basic problem is 
failure of the left ventricle to pump an adequate pressure 
head to the kidneys. Plasma renin activity tends to be 
_ very high (as are norepinephrine, antidiuretic hormone, 


< -and other vasoactive substances); low serum sodium may 


reflect very high plasma renin activity and provides 


warning to the clinician that the patient may be particu-.. 


rly susceptible to both decreased glomerular filtration 





rate and hypotension after administration of an ACE 
inhibitor. These problems can be avoided or mitigated 
by recognizing the patient at risk. Those patients should 
receive very small initial doses of a short-acting ACE 
inhibitor (i.e., <6.25 mg of captopril). The patients 
should not be overdiuresed. Indeed, it is not necessary to 
dry the lungs completely. Functional status of the patient 
is the main guideline. The adverse effects of enalapril on 
glomerular filtration rate compared to captopril in- the 
study of Packer et al*4 of patients with congestive heart 
failure may have been due to too high a dose of enalapril. 
Treatment with enalapril caused a reduction of endoge- 
nous creatinine clearance from 54,1 + 6.1 to44.1 + 5.3 
mL/min compared to 49.2 + 4.7 to 55.2 + 6.8 mL/min 
with captopril (p <0.05). 

In general, there is no significant worsening of renal 
function of hypertensive patients who are treated. with 
ACE inhibitors. Many hypertensive patients who exhibit 
abnormal renal blood flow responses to sodium load 
(non-modulators) seem to benefit particularly from 
ACE inhibition.’ ACE inhibitors may also be of special 
benefit in protecting against progression to end-stage 
renal disease, particularly in diabetic hypertensives.°° 

In a group of 586 hypertensive patients, Frank?” 
found that twice-daily dosing with quinapril or enalapril 
resulted in elevated serum creatinine levels in 6 and 8% of 
patients, respectively. On the other hand, with once-daily 
dosing in hypertensive patients, elevated serum creati- 
nine levels were seen in 1% of quinapril patients and in 
5% of enalapril patients. Frank hypothesized that once- 
daily quinapril allowed restoration of glomerular filtra- 
tion pressure before administration of the next scheduled 
dose.?? 

When an ACE inhibitor is associated with acute dete- 
rioration of renal function in a hypertensive patient, the 
ACE inhibitor should be discontinued. If the serum cre- 
atinine levels return to baseline in 7-10 days (the baseline 
is usually elevated to >2.0 mg/dL in these patients), 
then a presumptive diagnosis of renal artery stenosis 
should be made and the appropriate steps toward diagno- 
sis and definitive therapy taken. Decreased renal function 
in the hypertensive patient is not a contraindication to the 
use of ACE inhibitors, although the dose should be. kept 
as low as possible. 

Dermatologic effects: Captopril may be associated 
with a maculopapular (but rarely urticarial) rash with or 
without pruritus in the first 4 weeks of therapy.** Rash is 
accompanied rarely by fever, arthralgia, and eosinophil- 
ia. In general, it tends to be mild, usually responds to 
dosage reduction or a short course of antihistamines, and 
may resolve spontaneously even if captopril therapy is - 
continued. The incidence is in the range of 4~7% and. 


-correlates with renal status (because of the effect on. 


plasma concentration) as well as with captopril dose. 


<A SYMPOSIUM: HYPERTENSION. MANAGEME 








Analysis of data from controlled clinical triais showed 
skin rash to be present in 1.4% of 2,314 patients receiv- 
ing enalapril for hypertension.*® Rash was reported by 
1.5% of 2,003 patients receiving lisinopril for hyper- 
tension or congestive heart failure in clinical trials. 
Combined data from comparative trials for hyperten- 
sion and congestive heart failure show an incidence of 
0.2% in 1,491 patients receiving quinapril, 0.3% of 339 
patients receiving enalapril, and 2.2% of 186 patients 
receiving captopril, compared with no rash in 74 pa- 
tients receiving chlorthalidone and 394 patients receiv- 

ing placebo.” » 

<. Dysgeusia: Loss or alteration of taste occurs in 2- 
4% of patients receiving captopril, depending on dose 
and renal status.>* Dysgeusia tends to be self-limited 
and reversible in 2-3 months even if the drug is contin- 
ued, although patients may lose weight as a result. 









<- Henkin®® speculates that since captopril binds to the 


gine site of the converting enzyme (a metalloenzyme), it 
ean also inhibit the zinc metalloenzyme gustin, which is 
intin ately involved in taste. Of patients receiving enala- 
pril, <1% have experienced this side effect.222338 In 
tinical trials of quinapril, 0.3% experienced taste loss 
and 0. 3% reported unusual taste.25 In a study of 83 
elderly patients with essential hypertension, treatment 
with cilazapril was not associated with any report of 
taste disturbances. 30 
` Cough: An adverse reaction that seems to be a class 
effect of ACE inhibitors is a dry cough, accompanied by 
tickling in the throat, sometimes with nasal stuffiness and 
wheezing. 40-46 The mechanism has not been established 
but may be related to increased bradykinin levels, or 
perhaps to an effect on vagal nerves.*° In interviews of 
patients receiving various ACE inhibitors, Galdszer et 
al® did not note statistically significant differences in the 
prevalence of cough among those receiving captopril 
(11.5%), cilazapril (13.3%), or enalapril (24.7%). The 
incidence of cough in 3,031 patients (84% with hyperten- 
sion) treated with quinapril in clinical trials was 8.3% and 
that for rhinitis was also 8.3%.*5 
Angivedema: Angioedema is another class effect 
(possibly involving bradykinin release) that may develop 
in patients treated with ACE inhibitors.*> Although rare, 
angioedema is potentially dangerous because asphyxia- 
tion may result if the tongue, glottis, or larynx is affected. 
Incidence rates of <0.1% have been reported for capto- 
pril,2® lisinopril, and quinapril,2> compared to about 
0.2% for enalapril.*® 
: Myperkalemia: ACE inhibitors do not derange the 
metabolism of uric acid, calcium, glucose, triglycerides, 
<. or cholesterol. However, their ability to decrease aldoste- 
„rone: secretion may result in minor elevations of serum 
< potassium. A potential for hyperkalemia exists in pa- 





: tients feminine potassium-sparing diuretics, severe salt 
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restriction, or nonsteroidal anti-inflammatory drugs, as 
well as in those with congestive heart failure, low glomer- 
ular filtration rate, or diabetes. mellitus.*° Potassium- 
sparing diuretics and oral potassium supplements should 
be avoided or used very carefully because their hyperka- 
lemic effects may be additive with those of ACE inhibi- 
tors. 
Hypotension and orthostatic hypotension: Besides 
the elderly, who may be vulnerable to hypotension be- 
cause of the age-related decline in baroreceptor re- 
sponses, other patients at special risk include those al- 
ready receiving diuretics or sodium-restricted diets.*° In 
overdiuresed patients and in hypertensive patients with 
endogenous high plasma renin activity, excessive blood 
pressure reduction in response to converting enzyme inhi- 
bition may result in first-dose hypotension and underper- 
fusion of the kidneys. This adverse effect may be mini- 
mized or avoided altogether by discontinuing the diuretic 
or by increasing salt intake before institution of ACE 
inhibitor therapy and by administering small test doses to 
patients in whom high plasma renin activity or renal 
impairment is suspected. 

A postmarketing surveillance review in 1985 indicat- 
ed that transient symptoms of hypotension (dizziness, 
lightheadedness, vertigo) were reported by 5.0% of cap- 
topril-treated patients independent of their dose or their 
renal function status.” Among those treated with capto- 
pril for congestive heart failure, 3.6% withdrew because 
of hypotension.** Hypotension occurred in 0.9% of pa- 
tients receiving enalapril for hypertension and 0.5% expe- 
rienced orthostatic effects.38 Lisinopril monotherapy has 
produced hypotension in 1.8% of patients treated for 
hypertension or congestive heart failure and orthostatic 
effects in 1.4% (discontinuation rates for these adverse 
reactions were 0.8 and 0.0%, respectively).38 For quina- 
pril the combined incidence of hypotension and ortho- 
static effects has been approximately 1% in patients 
treated for hypertension and about 2% in patients treated 
for congestive heart failure.” 

The first occurrences: of hypotension and orthostatic 
hypotension (events were counted separately when they 
appeared in the same patient and were further segregat- 


ed into symptomatic or. asymptomatic) in controlled, 


double-blind clinical trials of quinapril.are summarized 
in Table I. The incidence of these events was smaller with 
quinapril than with enalapril or captopril.”4 

The incidence of a first-dose hypotensive effect from 
quinapril was explored in double-blind studies of 971 
patients who received quinapril and 230 who received 
placebo. 7 It occurred in 1.6-2.5% of patients receiving a 
range of doses of quinapril alone, in 4.8% of those receiv- 
ing a concomitant diuretic, and in 3.9% of patients re- 
ceiving placebo, The incidence in quinapril-treated pa- 
tients was low and comparable to that with placebo. 






















IUG INTERACTIONS 

At least 1 drug interaction involving ACE inhibitors 
__ may be beneficial: they tend to blunt the hypokalemia 
__ induced by thiazide diuretics. On the other hand, non- 
o steroidal anti-inflammatory drugs, including aspirin, 
a may ‘amplify their tendency to retain potassium. As 
o pointed out earlier, use of potassium-sparing diuretics or 
__ oral potassium supplements should be avoided in patients 
_ receiving an ACE inhibitor because the risk of hyperka- 
-lemia is magnified. Moreover, ACE inhibitors should be 
: “introduced cautiously in patients already receiving diu- 
__ retic therapy because renin levels tend to be increased by 
_ drug-induced natriuresis, predisposing patients to first- 
_ dose hypotension. 





- OVERDOSE 

-Little is known about the consequences of ACE inhib- 
: ‘itor overdose. A review of published reports found 3 cases 
of attempted suicide with excessive doses of ACE inhibi- 
tors. All 3 efforts failed; the only adverse effect was 
: hypotension that responded to intravenous fluids. 


o COMPARISONS WITH OTHER DRUG 
l CLASSES 
Although drug therapy has had a considerable impact 
< on controlling high blood pressure, the dropout rates in 
- large hypertension trials have been high because of ad- 
verse effects—i.e., 216% of those entering—while for 
-those remaining, the price may be a significant diminu- 
_ tion in overall quality of life because of subtler effects on 
mood, energy level, sleep quality, and sexual func- 
tion.4849 For example, in a double-blind multicenter 
study to determine the influence of antihypertensive 
drugs on quality of life in 626 men with mild to moderate 
hypertension, Croog et al*° compared not only the effica- 
cy and incidence of side effects but the impact on quality 
-of life of 3 major antihypertensive agents. They reported 
a lower dropout rate because of adverse experiences in 
-patients treated for 24 weeks with captopril (8%) than 
_ with propranolol (13%) or methyldopa (20%). The dif- 
_ ference between captopril and methyldopa was statisti- 
_ cally significant (p = 0.001) and that between methyldo- 
: pa and propranolol approached significance (p = 0.058). 
In this study there were significantly (p <0.05 to <0.01) 
_ more favorable changes from baseline in general well- 
` being, physical symptoms, work performance, life satis- 
_ faction, and cognitive function among patients random- 
ized to captopril than in those receiving methyldopa. 
Compared with the propranolol group, the captopril 
_ group had significantly (p <0.05 to <0.01) more positive 
_ changes in general well-being, physical symptoms, and 
_ sexual dysfunction. Moreover, 20% more patients taking 
methyldopa and 15% more patients taking propranolol 
xperienced worsening of general well-being than did 
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| TABLE I Comparison of First Occurrences of Orthostatic 


Hypotension and Hypotension 


Orthostatic 
Hypotension Hypotension 
No. (%) No. (%) 


No. of First No. of First No. of 
Therapy Pts Occurrences Events Occurrences Events 


Quinapril 1,771 222(12.5) 324 32 (1.8) 65 | 
o 0 


Placebo 338 46 (13.6) 72 
Enalapril 339 32 (9.4) 38 51.5) 6 
Captopril 186 16 (8.6) 20 4 (2.2) 7 


patients in the captopril group. Compared with those 
taking captopril, significantly more patients receiving 
methyldopa had fatigue, dry mouth, and blurred vision, 
and significantly more patients receiving propranolol had 
slower heart rate, shortness of breath, and fatigue. 

Similar results have been reported in comparative 
studies of newer ACE inhibitors with other drug classes. 
In clinical trials of enalapril in moderate hypertension,>! 
the greatest increase in adverse reactions after 16 weeks 
of therapy occurred in patients treated with atenolol, the 
next greatest was seen in those receiving hydrochlorothi- 
azide, and the smallest increase was recorded in those 
receiving enalapril. Intergroup differences were statisti- 
cally significant (p <0.05). 

In clinical trials of lisinopril for hypertension, the 
ACE inhibitor was compared with a calcium antagonist 
and 8 blocker. Clinical side effects (none serious) devel- 
oped in 21% of 89 patients randomized to lisinopril and 
49% of 47 patients randomized to nifedipine (p <0.01) in 
a 12-week, double-blind, multicenter trial.** Significant- 
ly (p £0.01 ) more patients developed peripheral edema, 
flushing, and headache while receiving nifedipine than 
while receiving lisinopril. The most common lisinopril 
side effects were dizziness and diarrhea, reported by 
<5% of patients (not significantly different from nifedi- 
pine-treated patients). 








COMPARATIVE STUDIES 

In controlled clinical trials, quinapril has been com- 
pared with enalapril for the treatment of mild to moder- 
ate hypertension’? and with captopril for moderate to 
severe hypertension.>4 Adverse effects are summarized in 
Tables II and IHI, respectively. The results of the compar- 
ison with enalapril showed fewer adverse events in the 
quinapril cohort; 7 patients withdrew because of side 
effects from quinapril compared with 10 patients in the 
enalapril group." Fewer side effects with quinapril were 
reported in the comparative trial with captopril; no pa- 
tient receiving quinapril experienced syncope.*4 Urticaria 
and nausea /vomiting necessitated withdrawal from cap- 
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Cilazapril 


Quinapril : 
(n =3,769) 


(n= 127) 


Enalapril 
(n= 131) 


Ramipril 


Adverse Events (n=129) 


Headache 



























Coughing 3.1 : A 
Dizziness 24 53 3.1 3.3 
Nausea/vomiting — 5.3 39 _ 

” Myaigia 16 3.1 a = | 
Somnolence 2.4 2.3 —_ —_ | 
Fatigue = 3.8 — 17 | 
Bronchitis 24 15 — m= | 

Rhinitis 2.4 | 
Palpitation —_ 3.1 — ~ 
Chest pain _ ' 


* Compiled data. 


topril therapy in 2 patients, whereas none in the quinapril 
group had to discontinue therapy because of side effects. 


CONCLUSION 
< The elevation of ACE inhibitors to the category of 
first-line pharmacologic therapy for hypertension is 
based on accumulated experience demonstrating that 
these agents, when used properly, are associated with a 
relatively low incidence of clinical side effects and labora- 
tory abnormalities. Adverse reactions to this drug class 
are usually not serious unless doses are excessive or there 
is underlying renal impairment or collagen vascular dis- 
ase. 

Safety and high patient tolerability of the newest 
entity, quinapril, have been reported in controlled clinical 
trials in which other ACE inhibitors as well as placebo 
and other classes of antihypertensive agents were used as 
comparative agents. 
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Whereas many physicians have been reluctant te 
treat hypertension in the elderly because of per- 
ceived limited benefits and the risk of side ef- 
fects associated with traditional antihypertensive 
agents such as diuretics and 6 blockers, studies 
and clinical experience have shown that elderly 
as well as younger patients can benefit from 
treatment. In recent years, angiotensin-convert- 
ing enzyme (ACE) inhibitors have been found to 
be safe and effective in both young and elderly 

hypertensive patients without many of the ad- 
-verse effects associated with traditional agents. 
ACE inhibitors possess characteristics that meet 
many of the special needs of elderly patients, in- 
cluding reduction of left ventricular mass, lack of 
_ metabolic and lipid disturbances, no central ner- 
vous system effects, no risk of induction of cardi- 
ac failure, and low risk of orthostatic hypoten- 
sion. 


(Am J Cardiol 1992;69:54C-58C) | 
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have essential hypertension. As the population ages, 

it is expected that in the near future the number of 
elderly hypertensive patients will reach at least 25 mil- 
lion.! As in the case of younger patients, elderly hyper- 
tensive patients will be at increased risk for congestive 
heart failure, stroke, cardiovascular disease, and other 
sequelae if their hypertension, including isolated systolic 
hypertension, is not treated adequately.!~? 

Although the risks of hypertension have been well 
documented, it is estimated that <15% of the elderly 
receive adequate treatment.! The reluctance of clinicians _ 
to treat elderly hypertensive patients is due in part to. 
persisting misconceptions about the pathophysiology of 
hypertension in this age group. In addition, treatment has 
been thought to provide marginal benefit while exposing ` 
the patient to the risk of potentially serious side effects 
associated with diuretics and 8 blockers, the more com- 
monly used antihypertensive drugs. In recent years, calci- 
um antagonists and angiotensin-converting enzyme 
(ACE) inhibitors have been increasingly used in the 
treatment of both young and elderly patients. This report 
reviews how the unique characteristics of ACE inhibitors 
can meet the needs of elderly patients. í 


I t is estimated that >50% of Americans aged >65 


PATHOPHYSIOLOGY OF HYPERTENSION 
IN THE ELDERLY 

Hypertension poses essentially the same risks in both 
younger and older patients. However, there are various 
pathogenic factors that must be taken into account when 
devising a therapeutic strategy for the elderly patient — 
with high blood pressure. Weber et al,* for example, 
maintain that hypertension in the elderly differs clinically 
and mechanistically from hypertension in the young. A - 
complicating factor is that the effects of both age and 
long-standing hypertension on target structures are in- 
volved in the pathogenesis of hypertension in the pee i 
(Table I)! 2 

Weber et alt proposed 3 mechanisms as the most 
dominant in sustaining systolic hypertension in the elder- 
ly: (1) tendency to sodium expansion; (2) enhanced sym- y 
pathetic nervous system responsiveness; and (3) decrease o 
in compliance of large arteries. About 33% of elderly 
patients with hypertension exhibit heightened aldoste- — 
rone response to angiotensin Il. Whereas plasma renin a 
activity is aly insensitive to changes in sodium bal. : 
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ce in these patients, the sensitivity of aldosterone to 
__ relatively small changes in angiotensin II appears to be 
- increased.* 


_ BENEFITS OF TREATING ELDERLY 
_ HYPERTENSIVE PATIENTS 
-Most of the large multicenter studies on the treatment 
- of hypertension, such as the Hypertension Detection, and 
Follow-up Program? and the Australian study,® included 
patients over age 60. Whereas these studies indicated 
“that patients in all age groups achieved reductions in 
` blood pressure, they did not provide specific data on the 
reduction of cardiovascular risk in the elderly. Overall, 
these studies tended to show that treating hypertension 
_ resulted in a lowered incidence of mortality from stroke, 
but provided no clear evidence of a reduced incidence of 
coronary artery disease. The Systolic Hypertension in the 
Iderly Program’ demonstrated that treatment with the 
juretic chlorthalidone lowered systolic blood pressure. 
he European Working Party on High Blood Pressure in 
_ the Elderly trial® was 1 of the first studies designed to 
S determine whether treatment of hypertension in patients 
over 60 years of age would result in reduced cardiovascu- 
lar mortality and morbidity. In the double-blind phase of 
-the trial, a significant reduction of 38% was seen in 
: cardiovascular mortality, due largely to a 47% reduction 
in cardiac deaths. Deaths from myocardial infarction 
nd cerebrovascular events were reduced by 60 and 43%, 
tively. During this phase of the trial, there were 14 
cardiovascular deaths and 29 fewer cardiovascular 
events/1,000 patient years in the actively treated group. 


















: ‘TRADITIONAL ANTIHYPERTENSIVE 
AGENTS 
The antihypertensive agents used in most of the large 
- trials were those available at the time-—diuretics, 8 
_ blockers, and sympatholytic agents. Whereas these trials 
demonstrated the general efficacy of these agents, they 
_also pointed out some of the problems associated with 
_ them for both elderly and younger patients. 
Diuretics: Diuretics have been the traditional agent 
_ for initial therapy in elderly hypertensive patients. How- 
ever, studies and clinical experience have shown that 
<: effective antihypertensive therapy with diuretics is often 
__ limited by side effects such as metabolic alterations and a 
_ Negative impact on the quality of life.?!° Diuretic-in- 
- duced hypokalemia has the potential for serious compli- 
_eations such as cardiac arrhythmias during long-term 
— therapy, and elderly patients receiving digitalis are at 
-particularly high risk for ventricular arrhythmias and 
sudden death from hypokalemia.'® Diuretics have also 
een shown to increase serum cholesterol and. serum 
riglyceride levels without increasing serum levels of the 
dioprotective high-density lipoprotein cholesterol.'° 
mmon reactions leading to discontinuation of diuretics 
















TABLE I Effects of Age and Hypertension 


Cardiovascular 

Arterial stiffening: contributes to the development of isolated 
systolic hypertension with or without atherosclerosis. 

Left ventricular hypertrophy: develops more quickly in a 
hypertensive patient in response to increases in cardiac 
afterload in an attempt to return elevated wall stress to 
normal. Left ventricular hypertrophy imposes as much as a 
five- to sixfold increase in risk for sudden death. 

Baroreceptor reactivity: declines with age. 

Renal and endocrine 

Glomerular filtration rate: declines with age. 

Creatinine clearance: declines with age, but creatinine also 
declines. 

Renal blood flow: slowed, leading to reduced glomerular filtration 
rate. 

Renin-angiotensin system: plasma renin and aldosterone activity 
decline. 

8 adrenoreceptors: reactivity declines. 








include gastrointestinal disturbances, sexual dysfunction, 
dizziness, lethargy, and weakness. !° 

Beta blockers: Beta blockers are generally recom- 
mended as initial therapy for younger patients but not 
elderly patients, since 6-receptor sensitivity and renin 
activity are reduced in the elderly, contributing to the 
reduced efficacy observed with 8 blockers in older pa- 
tients. In addition to numerous subjective side effects, 
decreased high-density lipoprotein cholesterol levels and 
glucose intolerance have been observed during long-term 
therapy with 8 blockers, !° 

Sympatholytics: Sympatholytic agents have not 
been associated with metabolic abnormalities, but they 
are poorly tolerated by many patients, particularly the 
elderly, mainly because of side effects related to their 
action on the central nervous system. Common side ef- 
fects include orthostatic hypotension, lethargy, depres- 
sion, and impotence. In the Hypertension Detection, and 
Follow-up Program, 27% of patients were withdrawn 
from therapy because of adverse experiences related to 
treatment with methyldopa.'° 


CALCIUM ANTAGONISTS 

Calcium antagonists exert their antihypertensive ac- 
tion through a direct effect on smooth muscle tone and 
can provide effective control of blood pressure both as 
monotherapy and combined with a diuretic.!° These 
drugs have been shown to be effective in elderly patients, 
but their usefulness in this application may be limited by 
their potent vasodilatory effects. Calcium antagonists 
may also impair insulin secretion and exacerbate glucose 
intolerance during short-term administration in nondia- 
betic patients. !° 


ANGIOTENSIN-CONVERTING 
ENZYME INHIBITORS 

ACE inhibitors are a relatively new class of orally 
active cardiovascular agents that have been shown to be 
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effective in the treatment of hypertension and congestive 
heart failure without many of the side effects often asso- 
ciated with other antihypertensive drugs.!! In contrast to 
diuretics, ACE inhibitors are not associated with meta- 
bolic or lipid abnormalities. In addition, ACE inhibitors 
do not act on the central nervous system or induce cardi- 
ac failure. Of significance to the elderly, postural ortho- 
static hypotension in the absence of volume depletion is 
not a risk associated with these agents.'* ACE inhibitors 
can be safely administered with diuretics for additional 
blood pressure-lowering effects. !° 

Seven ACE inhibitors are available in the United 
States: benazeprilat, captopril, enalapril, fosinoprilat, li- 
sinopril, quinapril, and ramipril, with several more under 
investigation. Captopril, the first ACE inhibitor to be 
introduced, differs from the others by the presence of a 
sulfhydryl group in its chemical structure.!* This moiety 
is believed to be the cause of some of the adverse effects 
reported with captopril, including rash, pruritus, and 
taste disturbances, all of which occur more frequently 
with captopril than with the other agents. The nonsulfhy- 
dryl ACE inhibitors such as enalapril and quinapril have 
been shown to be effective when administered once daily, 
thus providing 24-hour blood pressure control (Figure 
1).'4 In contrast, captopril must be administered 2-3 
times daily. > 

ACE inhibitors do not depress or impair cardiac or 
sexual function and do not adversely affect the central 
nervous system. In addition, normal autonomic and car- 
diovascular reflex functions are not affected, thereby pre- 
venting the reflex tachycardia that occurs with some 
antihyperterisive drugs.'? ACE inhibitors, moreover, are 
a particularly appropriate choice for patients with left 
ventricular hypertrophy since they decrease left ventricu- 
lar mass. 

Pharmacokinetics: Generally, ACE inhibitors are 
rapidly absorbed, and peak serum levels are reached in 
1-2 hours. Quinapril, for example, reaches peak plasma 





“mnie PLACEBO (N = 10) 
sein +-  QUINAPRIL 10 MG ONCE DAILY (N= 12) 


|. MEAN. DIASTOLIC 
BLOOD PRESSURE 
{MM HG} 


mewe QUNAPRIL 5 MG TWICE DAILY {N = 12) 








i ADAS Rinses aa a iat ae | 
0 2 # 8 8 yO. t2 14 16 18 20 22 B4 


TIME POSTOOSE (HOURS) 















_ FIGURE 1. Me 
rq | administration, 10 mg once daily or 5 mg 





ICAN JOURNAL oF CARDIOLOGY VOLUME 69 APRIL 2, 1992 





concentration within | hour and has an apparent half-life. 


of 50 minutes. After absorption, quinapril is converted to 
its active metabolite, quinaprilat, which is a considerably. 
more potent ACE inhibitor than its parent compound.!4 

Studies have been conducted to determine the phar- 
macokinetics of quinapril and quinaprilat in elderly and 
young patients.'+ Mean creatinine clearance was 99 and 
62 mL/min in young and elderly patients, respectively. 
The rate of hydrolysis of quinapril to quinaprilat and the 
rate of elimination of quinaprilat were slower in elderly 
patients than in young patients. The somewhat decreased 
rate of elimination in elderly patients, however, was due 
to changes in renal function related to aging and not to 
age itself. Thus, the rate of quinaprilat elimination in the 
elderly can be determined from the expected age-related 
reductions in renal function.'4 Olson et al!® demon- 
strated a 96% recovery rate of quinaprilat from urine 
within 24 hours of drug administration. These data sug- 
gest that accumulation of the metabolite in plasma with 
repeated dosing of quinapril is unlikely. 

Hockings et al!” compared the pharmacokinetics of 
enalapril and enalaprilat in elderly and young volunteers. 
The area under the plasma concentration—time. curve 
was greater for both compounds in the elderly patients. A 
significant difference in the weight-corrected volume of 
distribution at steady state between the young and elder- 
ly patients after enalaprilat (p <0.02) was also observed. 
There was no difference in the sensitivity to ACE inhibi- 
tion between the 2 groups. Gautam et al!® found that 
elderly patients had higher serum concentrations of lisin- 
opril after receiving lisinopril 5 mg daily for 7 days than 
did younger subjects receiving the same dosage. 

In a study of captopril in healthy elderly volunteers, !? 
Creasey et al found that the maximum plasma concen- 
tration and area under the curve were 9 and 13% greater, 
respectively, than those observed in a previously tested 
group of young volunteers. However, 24-hour urinary 
excretion and 8-hour renal clearance were 25 and 36% 
lower, respectively, in the older volunteers. 

ACE inhibitors are less likely to interact with other 
drugs used frequently by elderly patients. Ferry et al?° 
found that concomitant multiple-dose administration of 
quinapril did not alter the steady-state pharmacokinetics 
of digoxin. Quinapril also does not influence the pharma- 
cokinetics of cimetidine or warfarin.'4 

Mechanism of action: The primary meghanisto of 
action of ACE inhibitors is believed to be suppression of 
the renin—angiotensin-aldosterone system. Renin, pro- 
duced by the kidneys, acts on a plasma globulin substrate 
to yield angiotensin I, a relatively inactive decapeptide.. 
Angiotensin I is converted to angiotensin II, a potent 
vasoconstrictor and. the | primary stimulus for the produc- 
tion of aldosterone by ACE. ACE inhibitors bind stoi- 
chiometrically with the active site of ACE, thereby inhib- 
iting its action.?! Other possible mechanisms include: 22 





enuation of catecholamine response from noradrener- 
ic nerve endings; blunting of the arterial baroreceptor 
reflex; and increasing bradykinin—prostaglandin tissue 
. Jevels. 
< The renin-angiotensin system has been thought to be 
— mainly an endocrine system with the activity of angioten- 
+ sin IT confined to the circulation only.22 ACE, however, 
< has been found in a number of tissues, including blood 
vessels, brain, endothelium, kidney, adrenals, lung, and 
-the gastrointestinal and reproductive tracts.?! Specific 
angiotensin binding sites have been found in the aorta 
and in large, medium, and small arteries.?? It is now 
apparent that the long-term antihypertensive effect of 
© ACE inhibitors is probably dependent on inhibition of 
_ tissue ACE and that its acute antihypertensive effects are 
` induced by decreases in circulating angiotensin II.2! If 
_ the degree and duration of the antihypertensive action of 
_ ACE inhibitors are determined by tissue rather than 
_ serum concentration, the serum half-life of an ACE in- 
_ hibitor probably has little to do with its long-term blood 
__ pressure-lowering effects. 2 
: Reduction of tissue ACE activity by ACE inhibitors 
has been demonstrated in animal and human studies. 
Inhibition of both plasma and aortic ACE was shown in 
_ rats administered oral quinapril.23 Aortic ACE inhibition 
correlated well with blood pressure reduction whereas 
‘that of plasma did not. In a study of 15 elderly hyperten- 
e patients, 20-40-mg doses of quinapril were adminis- 
once daily for 28 days.*4 Peak mean diastolic blood 
ssure reductions of 13,9 and 17.3 mm Hg were seen at 
_ 3and 2 hours after the dose on days | and 28, respective- 
< ly. When the plasma concentrations of quinapril and its 
. active metabolite were compared with blood pressure 
_ reductions at individual time points, no correlation was 
found, Accordingly, a much better relation is apparent 
_ between the blood pressure-lowering effect of quinapril 
-and aortic ACE inhibition, suggesting that vascular tis- 
-sue ACE inhibition may be more important than plasma 
ACE inhibition in the antihypertensive effect and overall 
ical profile of this drug. 
-Tt hasalso been shown that 24 hours after withdrawal 
-of long-term therapy with an ACE inhibitor, serum ACE 
activity returned to pretreatment levels.22 However, tis- 
_ sue ACE activity and blood pressure remained reduced. 
: e duration of antihypertensive response paralleled the 
uppression of ACE activity in the aorta and kidney but 
jot in serum, an indication that ACE inhibitors exert 
their action primarily through inhibition of ACE in local 
_ tissue. These data suggest that a local renin—angiotensin 
-system exists in blood vessel walls and contributes to the 
__ maintenance of vascular tone:?? 
Role of renin activity: When ACE inhibitors were 
introduced, it was thought they would not be partic- 
useful in elderly hypertensive patients because of 
teasing renin activity that accompanies aging.” 




























Recent data, however, suggest that, consistent with their 
effects at the local tissue level, ACE inhibitors are effec- 
tive in hypertensive patients with low, medium, and high 
plasma renin activity.2? Furthermore, plasma renin ac- 
tivity tends to be low in both normotensive and hyperten- 
sive elderly patients. It is therefore unlikely that a direct 
vasoconstrictor effect of the renin—angiotensin system is 
involved in maintaining blood pressure.* Whereas plas- 
ma renin activity in low-renin hypertensive patients ap- 
pears to be relatively insensitive to changes in sodium 
balance, the sensitivity of aldosterone to small changes in 
angiotensin II is increased in this type of hypertension.* 

Efficacy and tolerability: The efficacy and safety of 
quinapril in the treatment of mild, moderate, and severe 
hypertension were assessed in a series of controlled clini- 
cal studies in which 2,499 patients participated.'+ In 
placebo-controlled trials, quinapril was found to be effec- 
tive at dosages of 10-80 mg/day. 

Analyses of safety data indicated comparable safety 
profiles for quinapril, enalapril, and placebo. However, 
the safety profiles of these 2 agents and placebo were 
more favorable than those of captopril and chlorthali- 
done. Patients receiving quinapril had a lower incidence 
of orthostatic events than did those treated with capto- 
pril, enalapril, or placebo, and the incidence of first-dose 
hypotensive effects, which can be particularly hazardous 
in elderly patients, was comparable to that of placebo. In 
a subset analysis of 451 elderly patients (265 years of 
age) the type and frequency of adverse events were found 
to be similar for both elderly and younger adult hyperten- 
sive patients treated with quinapril.'4 

In a separate study, elderly hypertensive patients 
(2.65 years) were randomized to receive either captopril 
50 mg twice daily or chlorthalidone 25 mg once daily for 
3 months. Significant decreases in blood pressure were 
seen in both groups. Although metabolic changes: oc- 
curred in both groups, significant increases in plasma 
glucose and triglycerides and decreases in serum potassi- 
um were observed in patients receiving chlorthalidone. '® 

Grosskopf et al'? compared the safety and efficacy of 
enalapril (10-40 mg daily) to hydrochlorothiazide (25-- 
100 mg daily) in the treatment of hypertension in 32 
patients aged 63-82 years. Most patients in both groups 
achieved goal blood pressure. However, 4 patients in the 
enalapril group and 3 in the hydrochlorothiazide group 
withdrew from the study because of side effects. Adverse 
effects causing withdrawal were postural hypotension, 
dizziness, nausea, and weakness in the enalapril group 
and postural hypotension, rash, and fatigue in the diuret- 
ic treatment group. 

In a study of 172 patients with moderate to severe 
hypertension, the efficacy and safety of quinapril (20-80 
mg daily) was compared to captopril (50-200 mg dai- 
ly).?6 After a minimum of 4 weeks of therapy, signifi- 
cantly greater reductions i in blood pressure e <0 09) 
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were s achieved in the quinapel group (18. 6mm Hg) ices 
in the captopril group (15.0 mm Hg). Hypotensive 
events (decreases >20 mm Hg) occurred in 4 patients in 
the quinapril group (4 total episodes) and in 7 patients 
receiving captopril (8 total episodes). Five patients re- 
ceiving captopril were withdrawn from the study because 
of side effects, whereas no patients in the quinapril group 
were withdrawn. 


CONCLUSION 

ACE inhibitors have been shown to be equally effica- 
cious and well tolerated in both elderly and young pa- 
tients. In addition, these agents have the potential to meet 
the needs of elderly patients without many of the adverse 
effects that have limited the use of diuretics, 8 blockers, 
and sympatholytics in this population. ACE inhibitors do 
not induce potassium loss and have no adverse effects on 
lipid metabolism. 

ACE inhibitors not containing a sulfhydryl group 
(enalapril, lisinopril and quinapril) are generally more 
effective and are associated with fewer adverse effects 
than captopril. Other favorable characteristics of ACE 
inhibitors include inhibition of ACE in both tissue and 
plasma, lack of interaction with drugs used frequently by 
elderly patients, and lack of accumulation in plasma. 
Compliance, which is often difficult in older patients, can 
be enhanced by the once-a-day regimens and 24-hour 
control possible with ACE inhibitors such as quinapril. 

It is now generally accepted that hypertension is a 
major risk factor for elderly as well as younger patients 
and should be treated adequately in both groups. In the 
past, many elderly hypertensive patients were not treated 
because of side effects and the negative impact on quality 
of life associated with commonly used agents. With the 
advent of effective, better tolerated agents such as ACE 
inhibitors, it is likely that more elderly hypertensive pa- 
tients will receive the treatment they need. 
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-In addition to the classic circulating renin—angio- 
_tensin system, increasing evidence supports the 
_ existence of local tissue renin—angiotensin sys- 

_ tems (vascular, cardiac, kidney, and brain) that 

_ appear to participate in cardiovascular homeo- 

_ stasis and in the pathogenesis of cardiovascular 

_ disorders via multiple autocrine and paracrine 

_ functions. Components of local systems have 

an detected in cardiovascular tissues. Studies 

with angiotensin-converting enzyme (ACE) inhib- 

tors provide further evidence of the existence 

and importance of tissue renin—angiotensin sys- 

_ tems. The blood pressure-lowering effect of 

_ quinapril, for example, correlated better with in- 
S hibition of tissue ACE (aorta) than with inhibition 

_ of plasma ACE. The effects of ACE inhibitors on 

-local tissue renin—angiotensin systems (vascular 

particular) may be the crucial determinant of 

onse to treatment. Newer ACE inhibitors, 
quinapril, have favorable side effect pro- 

as well as apparent tissue specificity for the 
s vascular renin—angiotensin system (and possibly 
other relevant cardiovascular tissue). Differentia- 
tion among ACE inhibitors should play an even 

_ more important role in the future for individual- 

- ization of therapy. 

: (Am J Cardiol 1991;69:S59C-—64C) 
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consists of the enzyme renin, which acts on. its 

substrate to form angiotensin I, a physiologically 
inactive decapeptide that is converted to the octapeptide 
angiotensin H by angiotensin-converting enzyme 
(ACE). This enzyme is found in all endothelia in the 
vascular system as well as in serum. In addition, compo- 
nents of the renin—angiotensin system have been found in 
such tissues as blood vessel walls, kidney, brain, heart, 
and adrenal gland.! 


T he classic circulating renin-angiotensin system 


KIDNEY RENIN-ANGIOTENSIN SYSTEM 

Although the kidney is the predominant source. of 
circulating renin, it is also an apparent site for a tissue 
renin—angiotensin system, with angiotensin H acting as a 
renal vascular hormone. Immunologic techniques have 
localized components of the renin-angiotensin system in 
the renal cortex. Renin has been found in afferent and 
efferent arterioles, interlobular arteries, and in proximal 
and cortical collecting tubules. Angiotensin I and II ap- 
pear to be present in juxtaglomerular cells and angioten- 
sin receptors have been found in glomeruli and cortical 
tubular fractions.! ACE immunoreactivity has been ob- 
served in proximal tubules. The total amount of renal 
ACE is lower than in the lung, but renal ACE activity is 
localized to the juxtaglomerular apparatus, the site of 
renin release.* 

Molecular genetic studies have demonstrated renin 
and angiotensinogen messenger RNA (mRNA) in the 
kidney, with renin mRNA localized primarily to the 
juxtaglomerular cells and angiotensinogen mRNA in the 
proximal tubules. However, immunoreactive renin but 
not renin mRNA has been detected in the proximal 
tubule.’ These studies further suggest the complexity and 
diversity of local renin—angiotensin systems. Local tissue- 
specific regulation of angiotensin, responsive to different 
factors, appears to exist. In the rat, renal angiotensinogen 
mRNA was affected by dietary sodium and increased at 
puberty, whereas hepatic angiotensinogen MRNA was 
not affected by sodium and remained relatively constant 
during development.4 

Renal renin—angiotensin may affect renal blood flow, 
glomerular filtration rate, glomerular hemodynamics, 
and sodium reabsorption. This intrarenal system proba- 
bly plays an important role in sodium transport. Angio- 
tensin is known to be a potent stimulator of sodium 























"resorption and hydrogen ion secretion in the proximal 
tubule. Moreover, the intrarenal renin—angiotensin sys- 
tem itself appears to be regulated by sodium. Increased 
renin and angiotensinogen mRNA levels were seen in the 
kidney with a low-sodium diet.? Impairment of renal 
perfusion by disease (e.g., bilateral renal artery stenosis 
or congestive heart failure) results in activation of the 
renal renin—angiotensin system and stimulation of pros- 
taglandin synthesis with preservation of glomerular fil- 
tration rate.* 

Angiotensin II and prostaglandins exert opposite ef- 
fects in the modulation of renal function via their actions 
on renal blood flow and salt and water balance. In nor- 
mal subjects with a normal sodium diet, the renin—angio- 
tensin system and renal prostaglandins seem to have little 
effect on renal perfusion and function.’ In low perfusion 
states such as congestive heart failure, activation of the 
renal renin—angiotensin system and prostaglandin syn- 
thesis can produce vasoconstriction (predominantly of 
the efferent arteriole) and vasodilation (of the afferent 
arteriole), respectively. Glomerular capillary hydraulic 
pressure and filtration fraction are increased and glomer- 
ular filtration rate is preserved. 


BRAIN RENIN-ANGIOTENSIN SYSTEM 

Similar studies have demonstrated the presence of 
renin-angiotensin components in the brain tissue of 
nephrectomized dogs. 6 Widespread distribution of ACE 
(as well as renin mRNA) in the brain has been shown, 
generally with a close correlation with the distribution of 
angiotensin II in different areas. Specific angiotensin H 
receptors have been localized to particular brain areas, 
with good correlation with angiotensin I] immunoreac- 
tivity (although some dissociation has been noted) in 
other areas.’ The expression of angiotensinogen and re- 
nin genes in the brain has been demonstrated,° corrobo- 
rating earlier biochemical studies that suggested the exis- 
tence of a brain renin~angiotensin system. 

A tissue-specific regulation of brain angiotensinogen 
has been suggested by the observed dissociation between 
the brain and hepatic responses of angiotensinogen 
mRNA to adrenalectomy, nephrectomy, and dexameth- 
asone administration.’ 

Extensive studies with ACE inhibitors have suggested 
that tissue renin--angiotensin systems play an important 
role in cardiovascular homeostasis. Reductions in ACE 
activity in the brain have been demonstrated after intra- 
cerebroventricular and systemic administration of a vari- 
ety of ACE inhibitors to animals. Dissociation of central 
- blockade from blockade of peripheral circulating ACE 
has also been shown.° 

Brain angiotensin may. affect regulation of blood 
‘pressure, thirst, vasopressin and catecholamine release, 





erences hav been noted between he 








effects of train and circulating angiotensin I. Intracere : 
broventricular injection of angiotensin IT at doses well. : 
below the pressor threshold induced sustained natriure- 

sis, whereas circulating angiotensin [I resulted in sodium - 
retention. Moreover, some of the effects of circulating 

angiotensin II may be exerted via stimulation of brain 

angiotensin receptors.’ 

Biochemical, neurophysiologic, pharmacologic, and 
molecular genetic studies have provided evidence that the 
brain renin—angiotensin system is regulated differentially 
and independently of the circulating renin-angiotensin 
system. For example, after long-term salt loading in 
spontaneously hypertensive rats, brain ACE activity in- 
creased but aortic ACE decreased. Angiotensin-contain- 
ing pathways within brain areas involved in central blood 
pressure regulation have also been identified.” Use of 
ACE inhibitors has supported the concept of a role for 
the central brain renin—angiotensin system. For example, 
administration of an ACE inhibitor into the central ner- 
vous system resulted in lowered blood pressure and inhi- 
bition of thirst. 

Two angiotensin [I-sensitive areas identified in the 
brain, the subfornical organ and the organum vasculo- 
sum of the lamina terminalis, lack a blood-brain barrier 
due to their fenestrated vasculature. This lack of a blood- 
brain barrier permits them to react to both blood-borne 
and brain angiotensin. Intravenous angiotensin II pro- 
duced induction of drinking, increased blood pressure, 
and release of hypophyseal hormones, whereas angioten- 
sin II from the cerebrospinal fluid did not readily activate 
the subfornical organ. However, direct angiotensin IH- 
containing projections have been found that connect the 
subfornical organ with other brain areas. suggesting that 
the effects of brain angiotensin may be transmitted via. 
neuronal pathways without stimulation by cerebrospinal 
fluid-borne angiotensin II.’ 

By contrast, the organum vasculosum of the lamina 
terminalis was affected by both cerebrospinal fluid and 
blood angiotensin and this area may be an important site 
for cerebrospinal fluid-borne angiotensin II. Lesions in- 
volving the organum vasculosum of the lamina terminalis 
resulted in blocked response to both intravenous and 
intracerebroventricular angiotensin I, as well as hyper- 
natremia and adipsia, However, it is not known whether 
the effects were due to direct destruction of receptor. 
areas or disruption of efferent projections from the- sub- 
fornical organ to these areas.’ : 


EFFECTS OF CIRCULATING VERSUS LOCAL 7 
RENIN-ANGIOTENSIN SYSTEMS See 
Two. methods of radio-inhibitor binding to tissue. 
membrane homogenates and in vitro autoradiography 
(allowing localization of ACE inhibition to very dis 
anatomical areas) were used i in ex vivo > studies of i 
















___ For example, tissue ACE was differentially inhibited 
_in various tissues in rats. Low doses of ACE inhibitors 
-resulted in complete ACE inhibition in plasma, kidney, 
and brain areas outside the blood-brain barrier, very 
high doses produced inhibition of only 60-70% of lung 
and aorta ACE and of 20-40% in the brain within the 
blood-brain barrier.’ 
= On the basis of recent data, it has been postulated that 
„short-term cardiovascular homeostasis is the responsibili- 
ty of the circulating renin-angiotensin system, whereas 
-the tonic control of cardiac, renal, and vascular function 
-is influenced by the intrinsic tissue renin—angiotensin 
_ system (which adds little to levels of circulating renin- 
iotensin).! During periods of cardiovascular decom- 
_ pensation, the circulating renin-angiotensin system is 
_activated to provide acute homeostasis. During the 
-chronic compensated “non-renin-dependent” phases of 
congestive heart failure and renovascular hypertension, 
when the acute support of the circulating renin—-angio- 
--tensin:system is no longer needed, the tissue renin—angio- 
-tensin systems may maintain vascular tone and cardiac 
` function.! 














NGIOTENSIN-CONVERTING 
YME INHIBITORS 

- ‘Tissue inhibition: Studies in animals and humans 
suggest that ACE inhibitors exert their primary effect at 
local tissue sites. In 2-kidney, 1-clip Goldblatt hyperten- 
_ sive rats, there was a good correlation between the inhibi- 
tion of vascular ACE and blood pressure lowering and a 
_ poor correlation between blood pressure lowering and 

_ plasma and brain ACE inhibition. '° 
Ina study of elderly hypertensive patients who re- 
_ oeived the ACE inhibitor quinapril for 28 days, diastolic 
_ blood pressure was effectively reduced. Maximum plas- 
a concentration of the drug and its active metabolite 
- occurred within 2 hours after the dose, but there was no 
_ apparent correlation between plasma drug concentration 
nd efficacy. This finding suggests that tissue drug con- 
tration (and presumably, tissue effects) may be more 

mportant than plasma drug concentration. H 

_ ACE inhibitors seem to remain bound to tissue ACE 
uch longer than to plasma ACE, and the duration of 
action of ACE inhibitors may, therefore, be related more 
losely to tissue binding than to inhibition of plasma 
E. Persistence of ACE inhibition in local tissues was 
gested by the observations that 24 hours after with- 

















tivity and pressor response to exogenous angio- 
d returned to normal, blood pressure and tissue 


al of long-term ACE inhibitor therapy, when serum ` 





ACE activity remained suppressed. The duration of the 
antihypertensive effect paralleled the inhibition of renal 
and aortic ACE but not of serum activity, suggesting that 
ACE inhibitors exert their effect primarily by inhibiting 
local angiotensin II production.’ 

After oral administration of the ACE inhibitor quina- 
pril to rats, there was a substantial reduction in plasma 
ACE, maximal at 1-2 hours, and about 25% at 24 hours. 
In the lung and aorta, ACE inhibition was less and lasted 
>24 hours. Plasma quinaprilat levels showed a converse 
pattern (Figure 1). Similar differential tissue effects were 
seen with the other ACE inhibitors studied, benazepril 
and perindopril.® 

Differences among angiotensin-converting en- 
zyme inhibitors: ACE inhibitors differ in tissue distribu- 
tion and duration of action, and differences in drug me- 
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TABLE 1 Relative Potencies of Angiotensin-Converting 
Enzyme Inhibitors Determined by Radio-Inhibitor and 
Enzymatic Assays 





IDso 





ICso mmol/liter 
mmol /liter (Radio-Inhibitor) 
Inhibitor (Enzymatic) Displacement Potency 


















Captoprit 0.22 x 107 0.16 xX 1078 Lowest 
Perindoprilat 0.18 x 1078 0.25 x 1078 Moderate 
Benazeprilat 0.13 x 10-8 0.40 xX 10710 Moderate 
Quinaprilat 0.55 x 10710 0.45 x 10729 Highest 












Reproduced with permission trom J Hypertens.® : 
ICs = molar concentration needed to produce 50% inhibition of enzymatic activi- 
ty; IDs = molar concentration needed to displace 50% of the radioligand bound to 
the enzyme. 


tabolism can affect their activity. Differential effects 
have been noted also for interference with sympathetic 
responses, perhaps attributable to varying tissue penetra- 
tion and distribution. !? 

Differences in the distribution of tissue ACE inhibi- 
tion have been shown in a study of oral administration of 
enalapril or captopril in spontaneously hypertensive rats 
at equidepressor doses. Both drugs produced prolonged 
duration of ACE inhibition in the aorta. However, capto- 
pril produced a more rapid and marked inhibition of 
brain ACE whereas enalapril caused greater inhibition of 
renal ACE.! 

The chemical structure and physicochemical proper- 
ties of ACE inhibitors also may explain their differing 
effects. Significant differences in molecular weight and 
polarities, for example, can affect tissue distribution and 
elimination. Moreover, for ACE inhibitors that are pro- 
drugs, the site and degree of metabolic activation can 
influence access to the central nervous system as well as 
to other tissues.° 

Differences in central ACE inhibition after systemic 
administration have been observed, presumably related 
to differences in penetration across the blood-brain bar- 
rier related to lipid solubility. In 1 study, enalapril, perin- 
dopril, and ramipril all reduced ACE activity in the 
cortex but only ramipril affected other brain areas.‘ 

Differences also exist among ACE inhibitors with 
respect to potency, as measured by radio-inhibitor bind- 
ing and conventional enzymatic techniques. Studies with 
4 inhibitors (quinapril, benazepril, perindopril, and cap- 
topril) and the 3 prodrug esters (quinaprilat, benazepri- 
lat, and perindoprilat) have indicated that the ester pro- 
drug compounds were several orders of magnitude less 
potent than the active diacid compounds. Quinaprilat 
was the most potent. The molar concentrations needed to 
displace 50% of the radioligand bound to the enzyme 
 (IDso values) were similar for rank order of relative 
- -potencies compared to the concentrations needed to pro- 
_ duce 50% inhibition of enzymatic activity (ICs values) 
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Thus, the experimental data indicate that ACE inhib- 4 
itors exert their main action at local tissue sites. The 


, effect on local renin-angiotensin systems can influence 


the activity of an individual drug. Additional effects at- 
local sites may result from the unique structural proper- 
ties of specific agents. 


MANAGEMENT OF HYPERTENSION 

ACE inhibitors are viewed as particularly useful in 
the treatment of hypertension. Hemodynamically, ACE 
inhibitors act as vasodilators. They produce reductions in 
total peripheral resistance, a primary mechanism in the 
pathogenesis of hypertension, generally without adverse 
effects on heart rate and cardiac output. ACE inhibitors 
also may have other beneficial effects on the renin- 
angiotensin systems. "3 

Initially, it was noted that the overall responsiveness 
of captopril (the first commercially available ACE inhib- 
itor) was related to pretreatment plasma renin activity; 
patients with hyperreninemia responded best to treat- 
ment. The drug became a major choice for the treatment 
of renovascular hypertension in patients with unilateral 
occlusive lesions. Later observations showed that capto- 
pril was effective in a wide range of patients with essential 
hypertension, regardless of pretreatment plasma renin 
activity level. Inhibition of circulating angiotensin II pro- 
duction could not explain the action of ACE inhibitors in 
patients with normal or low plasma renin activity.!? On 
the other hand, differential converting enzyme inhibition 
in these tissues with blockade of local angiotensin II at 
vascular, brain, kidney, heart, and other sites may ac- 
count for the clinical findings in some of these patients. 

Short- and long-term effects: The circulating and 
tissue renin-angiotensin systems appear to differ with 
respect to the short- and long-term effects of ACE inhibi- 
tors. The role of the renin~angiotensin system in blood 
pressure regulation in acute conditions associated with 
elevated plasma renin activity was predictable and con- 
firmed by studies with acute use of ACE inhibitors. 
However, plasma renin activity is often normal during 
the chronic phases of these cardiovascular disorders even 
though responses to long-term ACE inhibition persist. In’. 
humans, for example, the immediate depressor response 
tends to correlate with initial plasma renin activity, 
whereas the long-term response appears generally unre- 
lated to pretreatment plasma renin activity level.' 

Although the major contribution of the circulating — 
renin—angiotensin system is short-term response to ACE | 
inhibitors, the principal mechanism of the long-term an- 
tihypertensive action of these agents is most likely inhibi- . 
tion of ACE in the blood vessels and possibly other tis-. 
sues, such as. heart and kidney. Therefore, the serum- 
half-life of ACE inhibitors would be expected to have. 
little relation to the actual duration of the pharmacologic 











of these drugs during long-term therapy. Instead, 

he concentration of the ACE inhibitors in certain tissues 
ascular, renal, cardiac) would determine the magni- 
ude and duration of action of the drug. 
Adverse effects: Metabolically, ACE inhibitors are 
relatively neutral compared to other antihypertensive 
drugs in their lack of adverse effects on cholesterol (an 
important cardiovascular risk factor), carbohydrate me- 
_tabolism, and uric acid levels.'* For example, available 
data suggest that the ACE inhibitors captopril, enalapril, 
and quinapril do not adversely affect atherogenic blood 
lipoprotein levels. '5 
-<An annoying cough, which disappears with discontin- 
uation of therapy, and angioedema, a rare but potentially 
‘serious side effect, appear to be class effects. Additional- 
: ly, some patients with critical bilateral renal arterial dis- 
_ease or unilateral disease with 1 kidney are at increased 
isk for acute renal failure, probably because of the lack 
the autocrine /paracrine autoregulatory adaptive 
chanisms within the kidney.'4 
Individualization of therapy: The current trend in 
-the management of patients with hypertension is toward 
individualization of therapy, with treatment tailored to 
the needs of the particular patient. The characteristics of 
ACE inhibitors make them particularly suitable for use 
in certain types of patients, including those with essential 
hypertension. These agents also have proven efficacious 
long-term therapy regardless of pretreatment plasma 
in activity, consistent with their inhibition of both 
ulating and local renin--angiotensin systems. '4 In the 
subgroup of nonmodulators, ACE inhibitors have been 
shown to reverse renal vasoconstriction and restore the 
ability of the kidney to handle a sodium load, as well as 
control blood pressure.* 
_. Studies with ACE inhibitors have shown that they 
reduced proteinuria in diabetic patients with nephrotic 
syndrome, as well as lowered blood pressure and im- 
proved renal function. Diuretics and £ blockers may have 
adverse effects on these patients, and peripheral a-adre- 
nergic receptor blockers and calcium antagonists have 
‘not been clearly shown to have specific efficacy in this 
‘subgroup of patients. !6 
_. Differences among angiotensin-converting en- 
zyme inhibitors: Although numerous differences have 
been observed among ACE inhibitors, the relative clini- 
cal importance of these differences has not been estab- 
lished. No clinical study is available comparing the 
sue effects of different converting enzyme inhibitors 
nd relating these findings to relative efficacy and side 

























Differences also may exist among ACE inhibitors 
h respect to side effects profiles. In comparative 
s with captopril, eee and quinapril, all 


similar types of side effects, but quinapril had the 
lowest incidence of adverse effects in double-blind 
studies. 7 


CONCLUSION 

The concept of local tissue renin-angiotensin systems 
that play a role in cardiovascular homeostasis is support- 
ed by multiple lines of experimental and clinical evi- 
dence. These renin-angiotensin systems exhibit numer- 
ous and varied cardiovascular effects. Different roles 
may exist for circulating versus tissue renin- 
angiotensin systems. For example, the renal renin—angio- 
tensin system may be particularly important in condi- 
tions of renal hypoperfusion and an overactive brain ren- 
in—angiotensin system may be related to the pathogenesis 
of hypertension. The circulating renin—angiotensin sys- 
tem may be predominantly responsible for acute homeo- 
stasis, while tissue renin—angiotensin systems may regu- 
late long-term cardiovascular homeostasis. 

Inhibitors of the renin—angiotensin system (such as 
ACE inhibitors) are useful for the study of tissue renin- 
angiotensin systems as well as for the individualized 
treatment of cardiovascular disorders. These agents act 
as vasodilators hemodynamically and have been shown 
to be efficacious in the treatment of hypertension and 
congestive heart failure with a very favorable tolerability 
profile. The advent of newer agents, particularly those 
with improved side effects profiles (e.g., quinapril), will 
allow for further individualization of therapy. Differ- 
ences among these agents have permitted better under- 
standing of circulating and tissue renin-angiotensin sys- 
tems and may be related to differences in converting 
enzyme inhibition produced at the tissue level, which can 
have important implications for both the efficacy and 
tolerability of a particular drug. 

Research efforts related to the study of tissue renin- 
angiotensin systems must still overcome major methodo- 
logic difficulties. Only very low concentrations of 
renin—angiotensin system components may exist in indi- 
vidual tissues and particularly in specific organ areas. 
The effects of the circulating renin-angiotensin system 
must be separated from those of local renin—-angiotensin 
systems. Interactions occur with other neuroendocrine 
systems that may confuse the interpretation of findings. 
Opposing effects may be produced in the same organ or 
in different organs within the same organ system. Appro- 
priate assays are currently lacking to readily measure 
tissue ACE inhibition in humans. 
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Make this 
connection to reduce 
heart attack risk 


HDL 





To reduce heart attack risk, don’t overlook coexisting low HDL, 
high triglycerides, and high LDL. A recently published 
analysis of data from a Helsinki Heart Study subgroup shows 


why: 
LOPID reduced the incidence 
of heart attack* 71% 


—in a high-risk subgroup of 
patients with multiple lipid 
disorders. While the overall 
reduction in heart attack was 
34%, the greatest reduction 
in heart attack was achieved 
among those LOPID patients 
with baseline triglycerides 
>200 mg/dL and baseline 
(DL/HDE >5 (n = 154)" 


OP IID) % 


gemfibrozil ) soins 


TREATS THE ENTIRE TRIAD 
DRAMATICALLY REDUCES HEART ATTACK 


LOPID is indicated for reducing the risk of coronary heart disease in type Ilb 
patients with low HDL, in addition to elevated LDL and triglycerides, and 

who have had an inadequate response to weight loss, diet, exercise, and other 
pharmacologic agents such as bile acid sequestrants and nicotinic acid. 
LOPID is not indicated for the treatment of patients with low HDL as their only 
lipid abnormality. 





















Contraindicated in patients with hepatic or severe renal dysfunction, including 
primary biliary cirrhosis, preexisting gallbladder disease, or hypersensitivity to 
gemfibrozil. LOPID may increase cholesterol secretion into the bile, leading to 
cholelithiasis. Caution should be exercised when anticoagulants are given in 
conjunction with LOPID. 


Reference 1. Manninen V, Tenkanen L, Koskinen P, et al. Joint effects of serum triglyceride and LDL cholesterol and 
HDL cholesterol concentrations on coronary heart disease risk in the Helsinki Heart Study: implications for 
treatment. Circulation, 1992;85:37-45. 

*Defined as a combination of definite coronary death and/or definite myocardial infarction. 

*Mean HDL = 35 mg/dL; mean LDL = 208 mg/dL; P = 005; 95% CI 21.2 to 118.6. 


Please see last page of this advertisement for warnings, contraindications, and 
brief summary of prescribing information. 
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a and Tablets) : 

fore prescribing, please see full prescribing information. 

A Briet Summary follows. 

‘CONTRAINDICATIONS. 1. Hepatic or severe renal dysfunction, including primary 
biliary cirrhosis. 

= $2. Preexisting gallbladder disease (See WARNINGS). 

3: Hypersensitivity to gemfibrozil. 
WARNINGS. 1, Because of chemical, pharmacological, and clinical similarities be- 

{ween gemfibrozil and clofibeate, the adverse findings with clofibrate in two large clinical 

studies may also apply to gemfibrozil. in the first of those studies, the Coronary Drug 
Project, 1000 subjects with previous myocardial infarction were treated for five years 
with clofibrate, There was ne difference in mortality between the clofibrate-treated sub- 
jects and 3000 placebo-treated subjects, but twice as many clofibrate-treated subjects 
developed cholelithiasis and cholecystitis requiring surgery. In the other study, con- 
ducted by the World Health Organization (WHO), 5000 subjects without known cor- 
onary heart disease were treated with clofibrate for five years and followed one year 
beyond. There was a statistically significant, 29%, higher total mortality in the clofibrate- 
treated than in a comparable placebo-treated control group. The excess mortality was 
due to a 33% increase in noncardiovascular causes, including malignancy, post- 
cholecystectomy complications, and pancreatitis. The higher risk of clofibrate-treated 
subjects for gallbladder disease was confirmed. 

Duringthe Helsinki Heart Study and in the 112 year follow-up period since the trial 
was. completed, mortality frem any cause was 59 (2.9%) in the Lopid group and 55 
(2.7%) in the placebo group Mortality from any cause during the double-blind portion 
of the study was 44 deaths in the Lopid group and 43 in the placebo group. Because of 
the more limited size of the Helsinki Heart Study, this result is not statistically- 
significantly different from the 29% excess mortality seen in the clofibrate group in the 
separate WHO study. Nonccronary heart disease related mortality showed a 58% 
greater trend in the Lopid group (43 vs 27 patients in the placebo group, p=0,056). 

In the Helsinki Heart Study, the incidence of total malignancies discovered during the 
trial and in the 1V2 years since the trial was completed was 39 in the Lopid group and 29 
inthe placebo group (difference not statist:cally significant). This includes 5 basal call 
Carcinomas in the Lopid group and none in the placebo group (p=0.06; historical data 
predicted an expected 4.7 cases in the placebo group). GI malignancies and deaths 
from matignancies were not statistically 
differant between Lopid and placebo sub- 
groups. Follow-up of the Helsinki Heart 

co Study participants will provide further infor- 
“mation on cause-specific mertality and 

Cancer morbidity. 

2. A gallstone prevalence substudy of 450 
Helsinki Heart Study participants showed a 
trend toward a greater prevalence of gall- 

L= stones during the study within the Lopid 
treatment group (7.5% vs 4.9% for the place- 
bo group, a 55% excess for the gemfibrozil 
- group). A trend toward a greater incidence 
‘of gallbladder surgery was observed for the 
pid group (17 vs 11 subjects, a 54% ex- 
cess). This result did not differ statistically 
from the increased incidence of cholecystectomy observed in the WHO study in the 
group treated with clofibrate. Both clofibrate and gemfibrozil may increase cholesteral 
“excretion into the bile leading to cholelithiasis. if cholelithiasis is suspected, gallbladcer 
studies are indicated. Lopid therapy should be discontinued if gallstones are found. 

3. Since a reduction of mortality from coronary artery disease has not been 
demonstrated and because ‘iver and interstitial cell testicular tumors were increased in 
> rats, Lopid should be administered only to those patients described in the INDICATIONS 

“AND USAGE section. If a significant serum lipid response is nat obtained, Lopid should 

` be discontinued. 

i 4. Concomitant Anticoaguiants — Cautior should be exercised when anticoagulan's 

“are given in conjunction with Lopid. The dosage of the anticoagulant should be reduced 

to maintain the prothrombin time at the desired level to prevent bleeding complications. 
7 Frequent prothrombin determinations are advisable until it has been definitely determined 
Ci that the prothrombin level has stabilized. 
~ 5. Concomitant therapy with Lopid and Mevacor® (lovastatin) has been associated with 
-thabdomyolysis, markedly elevated creatine kinase (CK) levels and myoglobinuria, 
leading in a high proportion of cases to acute renal failure. In most subjects who have 
“had an unsatisfactory lipid response to either drug alone, the possible benefit of combined 
‘therapy with lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, 
oo thabdomyolysis, and acute renal failure (See Drug Interactions). The use of fibrates 
-s valone, including Lopid, may occasionally be associated with myositis. Patients receiving 
Lopid and complaining of muscle pain, tenderness, or weakness should have prompt 
medical evaluation for myositis, including serum creatine kinase level determination. If 
myositis is suspected or diagnosed, Lopid therapy should be withdrawn. 
‘6 Cataracts ~ Subcapsula: bilateral cataracts occurred in 10%, and unilateral in 6.3% 
“of: male rats treated with gemfibrozil at 10 times the human dose. 
< PRECAUTIONS. 1. Initial Therapy — Laboratory studies should be done to ascertain 
hat the lipid levels are consistently abnormal, Betore instituting Lopid therapy, every at- 
‘tempt should be made to control serum lipids with appropriate diet, exercise, weight oss 
in obese patients, and contro! of any medical problems such as diabetes mellitus and 
“hypothyroidism that are contibuting to the lipid abnormalities. 
2. Continued Therapy — Periodic determination of serum lipids should be obtained. 
and the drug withdrawn if lipid response is inadequate after 3 months of therapy. 
3. Drug Interactions ~ (A) Lovastatin: Rhabdomyolysis has occurred with combined 
gemfibrozil and lovastatin therapy. It may be seen as early as 3 weeks after initiation of 
-combined therapy or after several months. in most subjects who have had an unsatisfac- 
| tery lipid response to either arug alone, the possible benefit of combined therapy with 
lovastatin and gemfibrozil deas not outweigh the risks of severe myopathy, rhab- 
cgomyolysis, and acute renal failure. There is no assurance that periodic monitoring of 
“ereatine kinase will prevent the occurrence of severe myopathy and kidney damage. 
©3{B) Anticoagulants: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 
CANTS ARE GIVEN IN CONJUNCTION WITH LOPID. THE DOSAGE OF THE ANTI- 
COAGULANT SHOULD BE REDUCED TO MAINTAIN THE PROTHROMBIN TIME AT 
S THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT 
PROTHROMBIN DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN 
DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL HAS STABILIZED. 
4, Carcinogenesis, Mutagenesis, Impairment of Fertility -Long-term studies 
ve been conducted in rats and mice at one and ten times the human dose. The inci- 
ce at benign liver nodules and liver carcinomas was significantly increased in high 
imale rats. The incidence of liver carcinomas increased also in low dose males, 
t this increase was not statistically significant (p=0.1). In high dose female rats, there 
sa Significant increase in. the combined incidence of benign, and malignant liver 
neoplasms. in male and female mice; there were no statistically significant differences 
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ftom controls in the incidence of liver tumors, but the doses tested 
shown to be carcinogenic with other fibrates. : 

Male rats had a. dose-related and statistically significant increase of benign Leydig cell 
tumors at 1 and 10 times the human dose. 

Electron microscopy studies have demonstrated a florid hepatic peroxisome prolifera- 
tion following Lopid administration to the malerat, An adequate study to test for perox- 
isome proliferation has not been done in humans but changes in peroxisome 
morphology have been observed. Peroxisome proliferation has been shown to occur in 
humans with either of two other drugs of the fidrate class wher liver biopsies were com- 
pared before and after treatment in the same individual. 

Administration of approximately three or ten times the human dose to male rats for 10 weeks 
resulted in a dose-related decrease of fertility. Subsequent studies demonstrated that this 
affect was reversed after a drug-free period of about eight weeks, and it was not transmit- 
tad to the offspring. 

5. Pregnancy Category B — Reproduction studies have been performed in the rat at 
doses 3 and 9 times the human dose, and in the rabbit at 2 and 6,7 times the human 
cose. These studies have revealed no evidence of impaired fertility in females or harm to 
the fetus due to Lopid. Minor fetotoxicity was manifested by reduced birth rates observed 
at the high dose levels, No significant malformations were fourd among almost 400 off- 
spring from 36 litters of rats and 100 fetuses fram 22 litters of rabbits. 

There are no studies in pregnant women. In view of the fact that Lopid is tumorigenic in 
male and female rats, the use of Lopid in pregnancy shouid be reserved for those pa- 
tients where the benefit clearly outweighs the possible risk to the patient or fetus. 

6. Nursing Mothers — Gecause of the potential for tumorigenicity shown for gem- 
fibrozitin rats, a decision should be made whether to discontinue nursing or discontinue 
the drug, taking into account the importance of the drug to the mother. 

7. Hematologic Changes — Mild hemoglobin, hematocrit and white blood cell 
cecreases have been observed in occasional patients follawing initiation of Lopid 
therapy. However, these levels stabilize during long-term administration. Rarely, severe 
anemia, leukopenia, thrombocytopenia, and bone marrow hypoplasia have been 
reported. Therefore, periodic blood counts are recommended during the first 12 months 
of Lopid adrninistration 

8. Liver Function — Abnormal liver function tests have been observed occasionally 
during Lopid administration, including eleva- 
tions of AST (SGOT), ALT (SGPT), LDH, bili- 
rubin, and alkaline phosphatase. These are 
usually reversible when Lopid is discon- 
tinued. Therefore periodic liver function 
studies are recommended and Lopid therapy 
should be terminated if abnormalities persist. 

2. Use in Children ~- Safety and efficacy in 
children have not been established. 
ADVERSE REACTIONS. in the double-blind 
controlled phase af the Helsinki Heart Study, 
2046 patients received Lopid for up to 5 years. 
In that study, the failowing adverse reactions 
were statistically more frequent in subjects in 
the Lopid group (piacebo incidence in paren- 
theses): gastrointestinal reactions, 34.2% 
(23.8%); dyspepsia, 19.6% (11.9%); abdominal pain, 9.8% (5.6%), acute appendicitis 
(histologically confirmed in most cases where data are available), 1.2% (0.6%); atrial 
fibrillation, 0.7% (0.1%), 

Adverse events reperted by more than 1% of subjects, but without a significant differ- 
ence between groups (placebo incidence in parentheses) were: diarrhea, 7.2% (6.5%); 
fatigue, 38% (3.5%); nausea/vomiting, 2.5% (2.1%); eczema, 1.9% (1.2%); rash, 1.7% 

U 3%), vertigo, 1.5% (1.3%); constipation, 1.4% (13%); headache, 1,2% (1.19%). 
Gallbladder surgery was performed in 0.9%.of Lopid and 0.5% of placebo subjects, a 
64% excess, which is not statistically different from the excess of gallbladder surgery 
cbserved in the clofibrate compared to the placebo group of the WHO study. 

Nervous system and special senses adverse reactions were-more common in the 
Lopid group. These included hypesthesia, paresthesias, and taste perversion. Other 
adverse reactions that were more common among Lopid treatment. group subjects but 
where a causal relationship was not established include cataracts, peripheral vascular 
disease, and intracerebral hemorrhage. 

From other studies it seems probable that Lopid is causally related to the occurrence 
cf musculoskeletal symptoms (See WARNINGS), and to abnormal liver function 
tasts and hematologic changes (See PRECAUTIONS). 

Reports of viral and bacterial infections (common cold, cough, urinary tract infections) were 
mora common in gemfibrozil-treated patients inother controlled clinical trials of 805 patients. 
Additional adverse reactions that have beer: reported for gemfibrozil are listed below 

by system. These are categorized according to whether a causal relationship to treat- 
ment with Lopid is probable or not establishec:: 
CAUSAL RELATIONSHIP PROBABLE: Gastrointestinal: cholestatic jaundice; Central 
Mervous System: dizziness, somnolence, paresthesia, peripheral neuritis, decreased 
tbido, depression, headache; Eye: blurred vison, Genitourinary: impotence; 
Musculoskeletal: myopathy. myasthenia, myalgia, painful extremities, arthralgia, 
synovitis, rhabdomyolysis (see WARNINGS and Drug Interactions under PRECAU- 
IONS); Clinical Laboratory: increased creatine phosphokinase, increased bilirubin, in- 
creased liver transaminases (AST [SGOT], ALT [SGPT)}, increased alkaline phosphatase; 
Hematopoietic: anemia, leukopenia, bone marrow hypoplasia, eosinophilia; Im- 
munologic: angioedema, laryngeal edema, urticaria; integumentary: extoliative der- 
matitis, rash, dermatitis, pruritus. 
CAUSAL RELATIONSHIP NOT ESTABLISHED: General: weight loss, Cardiac: extrasys- 
toles; Gastrointestinal: pancreatitis, hepatoma, colitis; Central Nervous System: confu: 
sion, convulsions, syncope. Eye: retinal edema; Genitourinary: decreased male fertility; 
Clinical Laboratory: positive antinuclear antibody; Hematopoietic: thrombocytopenia; 
lmunologic: anaphylaxis, Lupusdike syndrome; vasculitis; iniegumentary: alopecia: 
DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200 mg 
administered in two divided doses 30 minutes before the morning and evening meal. 
MANAGEMENT OF OVERDOSE. While thers has been no reported case of over- 
dosage, symptomatic supportive measures should be taken should it occur. ; 
References: 1. Frick MH, Elo O, Haapa K. et al: Helsinki Heart Study: Primary preven- 
ton trial with gemfibrozil in middle-aged men with dyslipidemia. N Engi J Med. 
1987:317:1297-1248. 2. Marininen V; Elo O, Frick MH, et al: Lipid alterations and decline 
in the incidence of coronary heart disease in the Helsinki Hean Study. JAMA 1988; 
260-641-651. 3 Nikkila EA: Familial lipoprotein: lipase deficiency and related disorders of 
thylomicron metabolism. in Stanbury J.B. etal. (eds:): The Metabolic Basis of Inherited 
Disease, 5th.ed., McGraw-Hill, 1983, Chap. 3C, pp. 622-642. BB R, 
Caution — Federal jaw prohibits dispensing without prescription. : 
PARKE-DAVIS. 
Civ-of Warner-Lambert Go : 
Morris Plains, NJ-O7950 USA: 
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Now for heart rate control during atrial fibrillation and flutter 
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Please see brief summary of prescribing information on last page of this advertisement. 


Cardizem Injectable is indicated for temporary control of rapid ventricular rate during atrial 
fibrillation and flutter; conversion to normal sinus rhythm is not greater than placebo. 


CIVXE461/A3318 0763S1 


NEW CARD |ZEM: Injectable 


(diltiazem ye Sa lorige) 


BOLUS/INFUSION 





Should be used with continuous monitoring of ECG and blood pressure to avoid 
hypotension or bradycardia. Infusion rate/dose should be regulated accordingly. 


A defibrillator and emergency equipment should be readily available. 
CIVXE461/A3318 


For heart rate control during atrial fibrillation and flutter 


MAINTAINS 
HEART RATE CONTROL 
SAFELY 


FAST 


m 3-minute onset of action from first bolus injection’ 
m 95% response rate within 2 to 7 minutes of administration’ 
w |- to 3-hour duration of action with initial bolus 


SAFE 


m 4.3% incidence of asymptomatic hypotension'* 

m 3.2 % incidence of symptomatic hypotension" 

m 3.9% incidence of injection site reaction’ 

m 1.7% incidence of flushing" 

m Little negative inotropic effect" 

m Not to be used in patients with WPW and short PR syndrome 


Other contraindications: sick sinus syndrome and second- or third-degree 
AV block, except with a functioning pacemaker; severe hypotension and shock; 
hypersensitivity; recent IV beta-blockers; ventricular tachycardia, 


CONTINUOUS CONTROL 


m Heart rate control through infusion for up to 24 hours"? 


Cardizem Injectable is indicated for temporary control of rapid ventricular 
rate during atrial fibrillation and flutter; conversion to normal sinus rhythm 
is not greater than placebo, 


“Occurs most often during or immediately following bolus injection. 
tCaution should be used in patients with congestive heart failure. 











Please see brief summary of prescribing information on next page. 076351 


CONVENIENT DOSAGE 








BOLUS: 0.25 mg/kg 
actual body weight 
over 2 minutes 


20 mg average patient 





BOLUS: 0.35 mg/kg 


actual body weight 
over 2 minutes 


25 mg average patient 





INFUSION: 
10* to 15 mg/hr 


*5 mg/hr may be appropriate 
starting infusion for some 
patients. 
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\RIEF SUMMARY 


‘ARDIZEM® Injectable 
diltiazem hydrochloride) 


NDICATIONS AND USAGE 
‘ARDIZEM Injectable (diltiazem hydrochloride) is indicated for the following: 


. Atrial Fibrillation or Atrial Flutter. Temporary control of rapid ven- 
tricular rate in atrial fibrillation or atrial flutter. It should not be used in patients 
with atrial fibrillation or atrial flutter associated with an accessory bypass 
tract such as in Wolff-Parkinson-White (WPW) syndrome or short 
PR syndrome. 


. Paroxysmal Supraventricular Tachycardia. Rapid conversion of parox- 
ysmal supraventricular tachycardias (PSVT) to sinus rhythm. This includes 
AV nodal reentrant tachycardias and reciprocating tachycardias associated 
with an extranodal accessory pathway such as the WPW syndrome or short 
PR syndrome. Unless otherwise contraindicated, appropriate vagal maneu- 
vers should be attempted prior to administration of CARDIZEM Injectable. 

The use of CARDIZEM Injectable for control of ventricular response in patients 
vith atrial fibrillation or atrial flutter or conversion to sinus rhythm in patients 
nith PSVT should be undertaken with caution when the patientis compromised 
yemodynamically or is taking other drugs that decrease any or all of tne fol- 
owing. peripheral resistance, myocardial filling, myocardial contractility, or 
electrical impulse propagation in the myocardium, 

For either indication and particularly when employing continuous 

intravenous infusion, the setting should include continuous monitoring 

ofthe ECG and frequent measurement of blood pressure. A defibrillator 
and emergency equipment should be readily available. 

In domestic controlled trials in patients with atrial fibrillation or atrial flutter, 

bolus administration of CARDIZEM Injectable was effective in reducing heart 

rate by at least 20% in'95% of patients. CARDIZEM Injectable rarely converts 
atrial fibrillation or atrial flutter to normal sinus rhythm. Following administration 
of one or two intravenous bolus doses of CARDIZEM Injectable, response 
usually occurs within 3 minutes and maximal heart rate reduction generally 
occurs in 2 to 7 minutes. Heart rate reduction may last from 1 to 3 hours. If 
hypotension occurs, itis generally short lived, but may last from 1 to 3 hours. 

A 24-hour continuousinfusion of CARDIZEM Injectable in the treatment of atrial 

fibrillation or atrial flutter maintained at least a 20% heart rate recuction dur- 

ing the infusion in 83% of patients. Upon discontinuation of infusion, heart 
rate reduction may last from 0.5 hours to more than 10 hours (median dura- 
tion 7 hours). Hypotension, if it occurs, may be similarly persistent 

In the controlled clinical trials, 3.2% of patients required some form of inter- 

vention (typically, use of intravenous fluids or the Trendelenburg position) for 

blood pressure support following CARDIZEM injectable. 

In domestic controlled trials, bolus administration of CARDIZEM Injectable was 

effective in converting PSVT to normal sinus rhythm in 88% of patients within 

3 minutes of the first or second bolus dose 

Symptoms associated with the arrhythmia were improved in conjunction with 

decreased heart rate or conversion to normal sinus rhythm following adminis- 

tration of CARDIZEM Injectable. 


CONTRAINDICATIONS 

CARDIZEM Injectable is contraindicated in 

1 . Patients with sick sinus syndrome except in the presence of a functioning 
ventricular pacemaker. 

2. Patients with second- or third-degree AV block except in the presence of 
a functioning ventricular pacemaker. 

3. Patients with severe hypotension or cardiogenic shock. 

4. Patients who have demonstrated hypersensitivity to the drug. 

5. Intravenous diltiazem and intravenous beta-blockers should not be 

6 


administered together or in close proximity (within a few hours). 

_ Patients with atrial fibrillation or atrial flutter associated with an accessory 
bypass tract such as in WPW syndrome or short PR syndrome. 
As with other agents which slow AV nodal conduction and do not prolong 
the refractoriness of the accessory pathway (eg, verapamil, digoxin), in rare 
instances patients in atrial fibrillation or atrial flutter associated with an acces- 


sory bypass tract may experience a potentially life-threatening increase in 
heart rate accompanied by hypotension when treated with CARDIZEM Injec- 
table. As such, the initial use of CARDIZEM Injectable should be, if 
possible, in a setting where monitoring and resuscitation capabilities, includ- 
ing DC cardioversion/defibrillation, are present (see OVERDOSAGE), Once 
familiarity of the patient's response is established, use in an office setting 
may be acceptable. 


7. Patients with ventricular tachycardia. Administration of other calcium chan- 
nel blockers to patients with wide complex tachycardia (QRS = 0.12 
seconds) has resulted in hemodynamic deterioration and ventricular fibril- 
lation. Itis imoortant that an accurate pretreatment diagnosis distinguish 
wide complex QRS tachycardia of supraventricular origin from that of 
ventricular origin prior to administration of CARDIZEM Injectable. 


WARNINGS 


1. Cardiac Conduction. Diltiazem prolongs AV nodal conduction and refrac- 
toriness that may rarely result in seeond- or third-degree AV block in sinus 
rhythm. Concomitant use of diltiazem with agents known to affect cardiac 
conduction may result in additive effects (see Drug Interactions). If 
high-degree AV block occurs in sinus rhythm, intravenous diltiazem should 
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(see WARNINGS). 
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ADVERSE REACTIONS 


The following adverse reaction rates are based on the use of CARDIZEM 
Injectable in over 400 domestic clinical trial patients with atrial fibrillation/flutter 
or PSVT under double-blind or open-label conditions. Worldwide experience 
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reactions associated with oral diltiazem may occur. 


Product information as of October 1991 





References: 1. Data on file, Marion Merrell Dow Inc 
2. Ellenbogen KA. Dias VC, Plumb VJ, Heywood JT, Mirvis 
DM. J Am Coll Cardiol. 1991 18:891-897 


MARION MERRELL DOW INC. 
M PRESCRIPTION PRODUCTS DIVISION 


KANSAS CITY MO 64114 





CARDIZEM INJECTABLE...HEART RATE CONTROL 





THAT IS FAST, SAFE, AND CONTINUOUS 


CIVXE461/A3318 


0763S1 









Ae a 
Journal 


Cardiology 


~~ APRIL 15, 1992, VOL. 69,NO.12 








- CORONARY ARTERY DISEASE 


977 
Interrelation of Left Ventricular Ejection Fraction, 
_ Pulmonary Congestion and Outcome in Acute 

: Myocardial Infarction 

© Shmuel Gottlieb, Arthur J. Moss, Michael 

: McDermott, and Shirley Eberly 


_ Long-Term Prognosis After Acute Myocardial 

-infarction in Patients with Left Ventricular 
‘Hypertrophy on the Electrocardiogram 

= Solomon Behar, Henrietta Reicher-Reiss, Edward 

- Abinader, Jacob Agmon, Jacob Barzilai, Yaacov 

"Friedman, Elieser Kaplinsky, Nissim Kauli, Yehezkiel 

_ Kishon, Abraham Palant, Benyamin Peled, Leonardo 

Reisin, Zwi Schlesinger, Izhar Zahavi, Monty Zion, 

Uri Goldbourt, and the SPRINT Study Group 


l 991. 
: Milwaukee Prehospital Chest Pain 
` Project — Phase I: Feasibility and Accuracy of 
Prehospital Thrombolytic Candidate Selection 
< Tom P. Aufderheide, Michael H. Keelan, Gail E. 
_ Hendley, Nancy A. Robinson, Thomas E. Hastings, 
‘Ruben F. Lewin, Harvey F. Hewes, Alan Daniel, 
David Engle, Barry K. Gimbel, Kenneth R. Bortin, 
David J. Clardy, Donald H. Schmidt, Tanvir Bajwa, 
< Peter Holzhauer, Russell C. Dabrowski, Gregory H. 
: Schuchard, and Sam Teichman 


"Effect on Global and Regional Left Ventricular 

- Functions by Percutaneous Transluminal 

< Coronary Angioplasty in the Chronic Stage After 
ue Myocardial Infarction 

Thomas Linderer, Bettina Guhl, Christoph Spielberg, 
Werner Wunderlich, Luise Schnitzer, and Rolf 

a Schröder 


1003. 
‘Circadian Distribution of Onset of Acute 











infarction in Subgroups from Analysis- 





of 10,791 Patients Treated in a Single Center 
Ole Hansen, Bengt W. Johansson, and Bo Gullberg 


1009 
Effects of Left Ventricular Dysfunction on the 
Circadian Variation of Ventricular Premature 
Complexes in Healed Myocardial Infarction 

Anne M. Gillis, Robert W. Peters, L. Brent Mitchell, 
Henry J. Duff, Margot McDonald, and D. George 
Wyse 


1015 
Comparison of the Plasma Levels of 
Apolipoproteins B and A-1, and Other Risk 
Factors in Men and Women with Premature 
Coronary Artery Disease 

Peter O. Kwiterovich, Jr., Josef Coresh, Hazel H. 
Smith, Paul S. Bachorik, Carol A. Derby, and 
Thomas A. Pearson 


1022 
Prognostic Importance of Quantitative Analysis of 
Cineangiograms 


G. B. John Mancini, Martial G. Bourassa, Paula R. 
Williamson, Guy Leclerc, Scott F. DeBoe, Bertram 
Pitt, and Jacques Lesperance ; 


ARRHYTHMIAS AND CONDUCTION 
DISTURBANCES 











1028 
Supraventricular Tachycardia Mechanisms and 
Their Age Distribution in Pediatric Patients 

Jae Kon Ko, Barbara J. Deal, Janette F. Strasburger, 
and D. Woodrow Benson, Jr., with the technical 
assistance of Mark Donovan 


1033 
On the Mechanism of Termination and 
Perpetuation of Atrial Fibrillation 

Yukio Asano, Jun-ichi Saito, Kazuo Matsumoto, 
Keiko Kaneko, Toshio Yamamoto, and Masatsugu 
Uchida 


1039 
Long-Term Outcome of Paced and Nonpaced 
Patients with Severe Carotid Sinus Syndrome 
Michele Brignole, Carlo Menozzi, Gino Lolli, Nicola 
Bottoni, and Germano Gaggioli 











CONTENTS. A9 























poi 1044 _ A 

Usefulness of Clinical Characteristics in 
Predicting the Outcome of Electrophysiologic 
Studies in Unexplained Syncope 

‘William B. ‘Bachinsky, Mark Linzer, Leisa Weld, and 
N. A. Mark Estes III 








: VNA HEART DISEASE 


-1050 _ 
Estimation of Mitral Valve Area from Regression 
Analysis of the Pressure Gradient in Mitral 
Stenosis 





John A. Bittl, Alan C. Yeung, Vladimir Vekshtein, 
John D. Parker, and R. David Fish 


_ CONGENITAL HEART DISEASE 


1056 

Transcatheter Closure of Atrial Septal Defect by 

“Buttoned” Devices 

P. Syamasundar Rao, Allen D. Wilson, and Paramjeet 
S. Chopra 








MISCELLANEOUS 
1063 





Reversal of Endothelin-1-Induced 


Vasoconstriction by Nifedipine in Human 
Resistance Vessels in Vivo in Healthy Subjects 
Wolfgang Kiowski and Lilly Linder 


1067 
Left Ventricular Dimensions and Mass Using 
Magnetic Resonance Imaging in Female 
Endurance Athletes 
Maggie Riley-Hagan, Ronald M. Peshock, James 
Stray-Gundersen, Jose Katz, Timothy W. Ryschon, 
and Jere H. Mitchell 





1075 
Diagnosis and Management (by Subxiphoid 
Pericardiotomy) of Large Pericardial Effusions 
Causing Cardiac Tamponade 

Thomas C. Wall, Paul T. Campbell, Christopher M. 
O'Connor, Peter Van Trigt, Richard T. Kenney, 
Khalid H. Sheikh, Joseph A. Kisslo, and 

G. Ralph Corey 





ALO THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 69 





METHODS 


1079 
Comparison of Single and Biplane 
Ventriculography for Determination of Left 
Ventricular Volume and Ejection Fraction 

Walter C. Brogan, IH, D. Brent Glamann, Richard A. 
Lange, and L. David Hillis 


BRIEF REPORTS 








1083 
Therapy in Patients with “Isolated” Very Low 
Levels of High-Density Lipoprotein Cholesterol 
and Coronary Artery Disease 

Carl J. Lavie, Lois Mailander, and Richard V. Milani 








Coronary 
Peter B. Berger, Malcolm R. Bell, David R. Holmes, 
Jr., LaVon Hammes, Jon L. Kosanke, and Stuart J. 
Bresee 


1089 
Effect of Activity on Circadian Variation in Time 
of Onset of Acute Myocardial Infarction 

John Zornosa, Martha Smith, and William Little 


1091 








Bronchocoronary Collateral Circulation in _ 
Patients with Three-Vessel Coronary Artery 
Disease and Normal Left Ventricular Function 
Simon Weber, Gérard Pasquier, Yves Martin-Bouyer, 
Mare Riquet, Philippe D’Athis, Lisa Naditch, and 
Frangois Guerin 


1092 
Persistent Inappropriate Sinus Tachycardia After 
Radiofrequency Current Catheter Modification of 
the Atrioventricular Node 

Frederick A. Ehlert, Jeffrey J. Goldberger, Rodney 
Brooks, Scott Miller, and Alan H. Kadish 








1095 
Determinants of Impedance During | 
R Catheter Ablation in Humans 


‘adiofrequency 
Mark Borganelli, Rafel El-Atassi, Angel Leon, Steven 
J. Kalbfleisch, Hugh Calkins, Fred Morady, and 
Jonathan J. Langberg- 


APRIL 15, 1992 Bees 









ind I Dota Exercise in Children with Ventricular 
Preexcitation 
Fabrizio Drago, Attilio Turchetta; Armando 
‘Calzolari, Paolo Guccione, Antonella Santilli, 
Emanuela Pompei, Pietro Ragonese, and Frank M. 
- Galioto, Jr. 


1100 


Mono- Versus Double-Balloon Technique for 


.. Commissural Splitting After Percutaneous Mitral 
<- Vaivotomy 
` Antonio Ferndndez-Ortiz, Carlos Macaya, Fernando 
Alfonso, Rosana Hernandez, Andrés Iñiguez, Javier 
| Goicolea, Camino Bañuelos, and Pedro Zarco 


1102 


-Role of Transesophageal Echocardiography in 


‘Diagnosis of Subaortic Aneurysm 
< John Skoularigis, Ehud Deviri, Thomas Wisenbaugh, 
fi Rafi que Essop, Shirley Middlemost, and Pinhas Sareli 







ers of Aortic Flow in Healthy Women 
os Pines, Enrique Z. Fisman, Yaacov Drory, 





Yoram Levo, Joseph Shemesh, Efraim Ben-Ari, and 
Daniel Ayalon 





CASE REPORTS 


enopause-induced Changes in Doppler-Derived 


RAO? no a 
Use of Intracoronary Ultrasound to identify the 
“True” Coronary Lumen in Chronic Coronary _ 
Dissection Treated with Intracoronary Stenting | 
Thomas E. Schryver, Jeffrey J. Popma, Kenneth M. 
Kent, Martin B. Leon, Sharon Eldredge, and Gary S. 
Mintz : 


1109 De a 
Ocular Deformation After Long-Term Repeated 
Bulbar Compression for Termination of 
Paroxysmal Tachycardia 

Per I. Hoff, Svein Faerestrand, Ole-Jérgen Ohm 


READERS’ COMMENTS 


1111 ee ae er NA oe RE ES A A 
Calculation of Valve Area by the Gorfin Formula 
and Equation 

Dawod Sharif and Edward G. Abinader 


Percutaneous Pulmonary Balloon Valvuloplasty in 
Adults 
Wing-Hing Chow and Tsun-Cheung Chow 


1112 
Correction 


INSTRUCTIONS TO AUTHORS on page 1062 


CLASSIFIED ADVERTISING on pages A105, 
A106, A107 








CONTENTS ALL 








- AK2 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 69 APRIL 15, 1992 







Journal 





Ok 
Cardiology 











CORONARY ARTERY DISEASE 


977 
Interrelation of Left Ventricular Ejection Fraction, Pulmonary 
Congestion and Outcome in Acute Myocardial Infarction 
Shmuel Gottlieb, Arthur J. Moss, Michael McDermott, and Shirley Eberly 





The interrelation between pulmonary congestion (none, mild or moderate, 
or severe) evaluated by chest roentgenogram in the coronary care unit, 
predischarge left ventricular (LV) ejection fraction (EF) (240%, 25 to 
39% or <25%) and long-term prognosis was studied in 1,850 surviving 
patients of acute myocardial infarction. Cardiac mortality during a mean 
2-year follow-up was 11.5%, and was related to both predischarge LVEF 
impairment and severity of pulmonary congestion. Cardiac mortality haz- 
ard ratios for LVEF of <25% and 25 to 39% were 5.32 (95% confidence 
intervals [CI] 3.49, 8.13; p <0.0001) and 2.91 (CI 2.10, 4.02; p <0.0001), 
respectively. Development of pulmonary congestion significantly aug- 
ments the cardiac mortality risk derived from LVEF, with a marked 
mortality effect in patients with severe pulmonary congestion (hazard 
ratio 4.20; 95% CI 2.67, 6.62; p <0.0001). These findings emphasize the 
independent prognostic role of pulmonary congestion and highlight the 
interactive mechanisms (systolic and diastolic dysfunctions) responsible 
for unfavorable outcome in surviving patients of acute myocardial infarc- 
tion. 


985 
Long-Term Prognosis After Acute Myocardial Infarction in 
Patients with Left Ventricular Hypertrophy on the 
Electrocardiogram 

Solomon Behar, Henrietta Reicher-Reiss, Edward Abinader, Jacob 
Agmon, Jacob Barzilai, Yaacov Friedman, Elieser Kaplinsky, Nissim Kauli, 
Yehezkiel Kishon, Abraham Palant, Benyamin Peled, Leonardo Reisin, Zwi 
Schlesinger, Izhar Zahavi, Monty Zion, Uri Goldbourt, and the SPRINT 
Study Group 





Among 4,720 consecutive survivors from acute myocardial infarction 
(AMI), the estimated prevalence of electrocardiographic left ventricular 
(LV) hypertrophy was 6.1%. The prevalence of electrocardiographic LV 
hypertrophy increased with age and was higher in patients with previous 
AMI, angina and systemic hypertension. The hospital course of patients 
with electrocardiographic LV hypertrophy was more complicated than in 
those without this finding and, more particularly, the former group had a 
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mastia, impotence, increased urination, spotty menstruation. 
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Note: May aid in preventing Calcium Oxaluria 
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clonic jerks, Chvostek’s sign, ataxia, irritability, disori- 
entation, convulsion, psychotic behavior. 


CAUTION: Magnesium should be used with caution in 
renal insufficiency. If aperient, reduce dosage. 
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a higher rate of congestive tear! failure. The - 8 r 
mortality rates were significantly higher in patients with than without a 
electrocardiographic LV hypertrophy. Multivariate analysis indicated ~ 
that electrocardiographic LV hypertrophy is an independent predictor for 
increased subsequent post-AMI mortality. 


991 

Milwaukee Prehospital Chest Pain Project — Phase I: 
Feasibility and Accuracy of Prehospital Thrombolytic 
Candidate Selection 

Tom P. Aufderheide, Michael H. Keelan, Gail E. Hendley, Nancy A. 
Robinson, Thomas E. Hastings, Ruben F. Lewin, Harvey F. Hewes, Alan 
Daniel, David Engle, Barry K. Gimbel, Kenneth R. Bortin, David J. Clardy, 
Donald H. Schmidt, Tanvir Bajwa, Peter Holzhauer, Russell C. Dabrowski, 
Gregory H. Schuchard, and Sam Teichman 


A prospective clinical investigation was accomplished to determine the 
feasibility and accuracy of prehospital thrombolytic therapy candidate 
selection by base station emergency physicians. Paramedics acquired and 
transmitted prehospital |2-lead electrocardiograms (ECGs) and then ap- 
plied a thrombolytic contraindication checklist. Using this information, 
emergency physicians selected candidates for thrombolytic therapy. No 
prehospital thrombolytic therapy was administered in this study. A safety 
committee of cardiologists independently determined base physician accu- 
racy. Of 439 adult prehospital patients with prehospital chest pain, 91. 
(21%) had the final diagnosis of acute myocardial infarction (AMI), 38 
(8.7%) had diagnostic prehospital ECGs, and 12 (2.7%) were selected as 
candidates for thrombolytic therapy. Seventy percent of patients with 
AMt had checklist exclusions for thrombolytic therapy. Prehospital evalu- 
ation increased mean scene time by 4 minutes. The median time from 
chest pain onset to paramedic arrival in patients with AMI was 60 min- 
utes. The estimated mean time saved if prehospital thrombolytic therapy 
had been available was 101 + 81 minutes. The safety committee conclud-_ 
ed that acceptable accuracy of emergency physician prehospital electro- 
cardiographic interpretation, checklist and case selection was achieved. 
Thus, emergency physicians can accurately identify candidates for pre- 
hospital thrombolytic therapy. 


Tn tN i 
Effect on Global and Regional Left Ventricular Functions by 
Percutaneous Transluminal Coronary Angioplasty in the 
Chronic Stage After Myocardial Infarction 

Thomas Linderer, Bettina Guhl, Christoph Spielberg, Werner Wunderlich, 
Luise Schnitzer, and Rolf Schröder 


In a group of 145 patients with successful percutaneous transluminal 
coronary angioplasty (PTCA) of the infarct-related artery late (5 + 6 
months) after myocardial infarction, ejection fraction improved in the 
long-term (7 + 4 months) from 60 + 13% to 64 + 13% (p <0.001), and 
left ventricular (LV) regional wall motion abnormalities were reduced by 
40%. Multivariate discriminant analysis identified a reduced LV function 
(baseline ejection fraction <60%: ejection fraction from 48 + 9% to 57 + 
14%, p <0.001) and a high degree of stenosis before PTCA as predictors 


_ Continued on page A23 
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¢ B -blockade of TOPROL XL is comparable to immediate 
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The TOPROL XL delivery system 
releases metoprolol at a con- 
trolled and predictable rate’ 


e TOPROL XL is a proprietary formulation that provides the 
benefits of extended release tablets 


e TOPROL XL has been used in over 1,000,000 patient-years 


worldwide’ 
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‘OPROL XL™ TABLETS 
Metoprolol succinate) 


mended Release Tablets 
ablets: 50 mg. 100 mg, and 200 mg 


‘ESCRIPTION 

opro! XL, metoprolol succinate, is a beta,-selsctive (cardioselective) adrenoceptor 
locking agent, for oral administration, available as extended release tablets. Toprol 
L has been formulated to provide a controlled anc predictable release of metoprolol 
x once daily administration. The tablets comprise a muttipie anit system comaining 
yetoproio! succinate in a multitude of controlled release pellets. Each pellet acts as a 
eparate drug delivery unit and is designed to deliver metoprato! continuously over the 
osage interval. The tablats contain 47.5 mg, 95 mg and 190 mg of metoprolol succi- 
ate equivalent to 50, 100 and 200 mg of metoprcto! tartrate, USP, respectively, its 
hemicai name is (+)1-(Gsopropylaming)-3-{p-(2-mathoxyethy!) pheroxy}-2-propanol 
uocinate (2:1) (salt). Hs structural formula is: 


on COOH 
CHpCHCHaNHCH(CHg)2 i 
CHo 
od 
CH 
| 
COOH 


CHeCHeO0CHy 2 
letoprolo! succinate is a white crystalline powder wih a molecular weight of 652.8. it 
i freely soluble in water, soluble in methanol; sparingly soluble in ethanol; slightly sol- 
bie in dichloromethane and 2-propanol; practically insoluble in ethy!-acetate, acetone, 
lathylether and heptane. Inactive ingredients: Silicone dioxide, Cellulose compounds, 
cetyliributy! citrate, Maize starch, Lactose powder, Polyvidone, Magnesium stearate, 
alyethylene glycol, Titanium dioxide, Paraffin. 


‘LINICAL PHARMACOLOGY 

letoprolol is a beta, -selective (cardioseiective) adrenergic receptor blocking agent. 
his preterential effect is not absolute, however, and at higher plasma concentrations, 
‘etoprolo! also inhibits betag-adrenoreceptors, chially located in the bronchial and 
ascular musculature. Metoproiol has no intrinsic sympathomimetic activity, and mem- 
fane-stabilizing activity is detectable only at plasma concentrations much greater 
ian required for beta-blockade. Animal and human experiments indicate that meto- 
roio! slows the sinus rate and decreases AV nodal oanduction 

inica! pharmacology studies have confirmed the beta-blocking activity of metoprolol 
1 man, as shown by (1) reduction in heart rate anc cardiac output al rest and upon 
xercise, (2) reduction of systolic blood pressure upon exercise, (3) inhibition of iso- 
rotereno:-induced tachycardia, and (4) reduction of reflex orthostatic tachycardia, 

he relative beta; -selectivity af metoprolol has been confirmed by the foitowing: (1) In 
ormal subjects, metoprolol is unable to reverse te betag-mediated vasoditating 
Hects of epinephrine. This contrasts with the effect of nonselective beta-blockers, 
‘hich completely reverse the vasodilating effects af epinephrine. (2) in asthmatic 
atients, metoprolol reduces FEV, and FVC signifcantly less than a nonselective 
bta-blocker, propranolol, at equivalent beta, -receptor blocking doses. 

\ five controlled studies in normal healthy subjects, the same daily doses of Toprol XL 
nd immediate release metoprolol were compared in arms of the extent and duration 
t beta,-blockade produced, Bath formulations were ziven in a dose range equivalent 
1 100-400 mg of immediate release metoprolol per day. In these studies, Toprol Xi 
‘as administered once a day and immediate release metoprolol was administered 
nce to four times a day. A sixth controlled study compared the beta, -blocking effects 
Fa 50 mg daily dose of the two formulations. In each study, beta; blockade was 
xpressed as the percent change from baseline, in exercise heart rate following stan- 
ardized submaximal exercise tolerance tests at steady state. Toprol Xi. administered 
nce a day, and immediate release metoprolol admin-stered once to four times a day, 
rovided comparable total beta, -biockade over 24 hours (area under the beta, -block- 
de versus time curve) in the dose range 100-400 mg. At a dosage of 50 mg once 
aily, Toprol XL produced significantly higher total bea, blockade over 24 hours than 
nmediate release metoprolol. For Topro! XL, the percent reduction in exercise heart 
ite was relatively stable throughout the entire dosage interval and the level of betag- 
iockade increased with increasing doses from 50 o 30C mg daily. The effects at 
aakitrough (i.e. at 24 hours post dosing) were; 14/9, 76/10, 24/14, 27/22 and 27/20% 
xduction in exercise heart rate for doses of 50, 100, 200, 300 and 400 mg Toprol XL 
nce a day, respectively. In contrast to Toprol XL immediate release metoprolol given 
Fa dose of 50-100 mg once a day, produced a significantly larger peak etfect on 
wercise tachycardia, but the effect was not evident af 24 hours. Ta match the peak to 
ough ratio obtained with Toprol XL aver the dosing range ot 200 to 400 mg, a Lid. to 
4.0, divided dosing regimen was required for immediate release metoprolol. 

ne relationship between plasma metoprolol levels and reduction in exercise heart 
He is independent of the pharmaceutica! formulation. Using the model, the 
‘aximal beta, -blocking ettect has been estimated te produce a 28.3% reduction in 
xercisa heart rate. Beta; -blocking effects in the range of 30-80% of the maximat 
Mact (corresponding to approximately 8-23% reduction in exercise heart rate) are 
spected to occur at metoprotol plasma concentrations ranging trom 30-440 nmol/l. 
he concentration-ettect curve begins reaching a plateau between 200-300 nmol/l, 
ad higher plasma levels produce litle additional beta, -blocking effect. The relative 
etay-selectivity of metoprolol diminishes and blockade of betag-adrenoceptors 
creases at higher plasma concentrations. 

hough beta-adrenergic receptor blockade is uselul in the treatment of angina and 
yperttension, there are situations in which sympathetic stimulation is vital. In patients 
nth severely damaged hearts, adequafè ventricular function may depend on sympa- 
‘atic drive. in the presence of AV block, beta-blockede may prevent the necessary 
icilitating effect of sympathetic activity on conductian. Betag-adrenergic blockade 
sults in passive bronchial constriction by interfering with endogenous adrenergic 
ronchoditator activity in patients subject to bronchospasm and may also interfere with 
nogenous bronchodilators in such patients. 


lypertension y V 
ke mechanism of the antihypertensive effects of beta-blocking agents has not been 
wcidated. However, several possible mechanisms hase been proposed: (1} competi- 
w antagonism of catecholamines at peripheral (especially cardiac) adrenergic neu- 
m sites, leading to decreased cardiac output; (2) a central effect leading to reduced 
rnpathetic outflow to the periphery; and (3) suppression of renin activity. 
1 controlled clinical studies, an immediate release dosage torm of metoprolol nas 
sen shows fo be an effective antihypertensive agent when used alone or as concom- 
ant therapy with thiazide-type diuretics at dosages of 100-450 mg daily. Toprol XL, 
dosages of 100 to 400 mg once daily, fas been shown to possess comparable 
y-biockade as conventional metoprolol tablets administered two to four times daily. in 
adition, Toprol XL administered at a dose of 50 mg ance daily has been shown to 
wer bicod pressure 24-hours post-dosing in placebo controled studies. in controlied, 
ynparativa, clinical studies, immediate release meoprole! appeared comparable 
3 an antihypertensive agent to propranolol, methyldeca, and thiazide-type diuretics, 
to be effective both in supine and standing positions. Because of variable plasma 
veis attained with a given dose and lack of a consistent relationship of antihyper- 
sive activity to drug plasma concentration, selection of proper dosage requires 
vidual titration. 

pgina Pectoris 
y blocking catecholamine-induced increases in heart tate, in velocity and extent of 
'yocardial contraction, and in blood pressure, metopro-e! reduces the oxygen require- 
anis of the heart at any given level of effort, thus making it useful in the long- 
len management of angina pectoris, However, ir patients with heart faiture, 
ea-adrenergic blockade may increase oxygen recuirements by increasing jeti 
gatroular fiber length and end-diastolic pressure. 
1 zontroled clinical trials. an immediate release formmiation of metoprolol has been 
sown fo be an effective antianginal agent, reducing the number of angina attacks and 
ceasing exercise tolerance. The dosage used in these studies ranged from 100 to 
30 mg daily, Toprol XL. in dosages of 100 tc 400 mg ance daily, kas beer shown to 
aegess Comparable 8,-blockade as conventional metoprolol tablets administered two 
tfur umes daily, 
harmacokinetics 

man, adsorption of metoprolol is rapid and complete. Plasma levels following oral 
Jministration of conventional metoprolol tablets, however, approximate 50% of ievels: 
Hiawing intravenous administration, indicating about 50% first-pass metabolism. 
esoprolo! crosses the blood-brain bamer and has beer reported in the CSF in a con. 
aration 785 of the simultaneous plasma concentration. 

aama teves achieved are highly variable ater oral ad-ninistration. Only a smali frac- 
oe of the drug (about 12%) is bound fo human serum albumin. Elimination is mainty 
f Siotranstermation in the liver, and the plasma half-He ranges from approximately 3 
7 hours. Less than 5% of an oral dose of metoprolol & recovered unchanged :n the 
ine, the rest is excreted by the kidneys as metabolites that appear to hava no clinical 
grificance. Following intravenous administration of mstoproloi, the urinary recovery 
unchanged drug is approximately 10%. The systemic availability and hall-He of 
elpproio\ in patients with renal failure do not differ to a clinically significant degree 


from those in rormal subjects. Consequently, no <aduction in dosage is usually 
needed in patients with chronic renal failure. 

in comparison to conventional metoprolol, the plasma metoprolol levels following 
administration o? Toprol XL are characterized dy lowenpeaks, jonger time to peak and 
significantly lower peak to trough variaiion. The peax plasma levels following once 
daily administration of Toprol XI, average one-fourth te ane-hait the peak plasma low- 
els obtained folowing a corresponding dose of conventional metoprolol, administered 
once daily or in divided doses. Al steady state the average bioavailability of metoproin! 
following administration of Topro! XL, across the dosage range of 50 to 400 mg once 
daily, was 77% ‘elative fo the corresponding single o divided doses of conventional 
metoprolol. Nevertheless, over the 24 hour dosing inteewal, By-tlockade is comparabie 
and dose-relater (see CLINICAL PHARMACOLOGY). The bioavailability of metoprotei 
shows a dose-related, although not direetly proportional increase with dose and is not 
significantly affected by tood following Tepro! XL admirastration 


INDICATIONS AND USAGE 

Hypertension 

Toprai XL tablets are indicated for the treatment of hypertension. They may be used 
alone or in combination with other antihypertensive agents. 

Angina Pectoris 

Toprol Xi. tablets are indicated in the long-term treatment of angina pectoris. 


CONTRAINDICATIONS 

Hypertension and Angina 

Toprol XL is convaindicated in sinus bracycarcia, hear block greater than first degree, 
cardiogenic shock, and overt cardiac failure isee WARRINGS) 


WARNINGS 

Hypertension and Angina 

Cardiac Failure. Sympathetic stimulation is a vital component supporting circulatory 
function in congestive heart failure, and oeta-blockade:carries the potential hazard cf 
further depressing myocardial contractifty and precip:tating more severe failure. in 
hypertensive and angina patients who have congestiveiheart failure controlled by digi- 
talis and diuretics, Toprol XL should be admenisterec cautiously, Both digitalis anc 
Toprol XL stow Ay conduction. 

in Patients Without a History of Cardiac Failure: Continued depression of the 
myocardium with beta-blocking agents ower a period of time can, in some cases, leat 
to cardiac failure. At the first sigri or symptom of impending cariac failure, patients 
shouid be fully digitalized and/or given a diuretic. Thessesponse should be observed 
closely, if cardiac failure continues, despite adequate divitalization and diuretic therapy. 
Toprol XL should se withdrawn. 

Ischemic Heart Disease: Following abvup! cessation of therapy with certain bata- 
blocking agents, exacerbations of angina pectoris and, in some cases, myocardial 
infarction have occurred. When discontinuing chronicaliy administered Topro! XL, par- 
ticularly in patients with ischemic hear: disease, the dosage should be gradually 
reduced over a period of 1-2 weeks and the patient should be carefully monitored. If 
angina markedly worsens or acule coronary insufficiency develops, Toprol XL adminis- 
tration should be reinstated promptly. at wast temporary, and other measures appro- 
priate for the management of unstable angine shouidkbe taken. Patients should be 
warned against interruption or discontinuation of therapy without the physician's 
advice. Because coronary artery diseasa is common and may be unrecognized, it 
may be prudent not to discontinue Toprol XL therapy abruptly even in patients treated 
only for hypertension 

Bronchospastic Diseases: PATIENTS WITH BACNCHOSPASTIC DISEASES 
SHOULD, IN GENERAL, NOT RECEIVE BETA-BLOCKERS, Because of its relative 
beta, selectivity, Nowever, Toprol XL may be used with caution in patients with bron- 
chospastic disease who do not respond to, or cannot tolerate, ther antihypertensive 
treatment. Since beta, -selectivity is not absolute, a betag-stmuiating agent should be 
administered concomitantly, and the lowest possible dose of Toprol XL should be used 
{see DOSAGE AND ADMINISTRATION). 

Major Surgery: The necessity or desirability of withcawing beta-blocking therapy. 
prior to major surgery is controversial; the impaired abdity of the heart to respond to 
reflex adrenergic stimuli may augment the risks of generat anesthesia and surgical 
procedures, 

Toprol XL like other beta-blockers, is a competitive inhibitor of beta-raceptor agonists, 
and its effects car be reversed by administration of such agents, e.g., dobutamine or 
isoproterenol. However, such patients may be subject :) protracted severe hypoten- 
sion. Difficulty in restarting and maintaining the heart best has also been reported with 
beta-blockers. 

Diabetes and Hypoglycemia: Toprol X. should be «sed with caution in diabetic 
patients it a beta-blocking agen! is requred. Beta-blockers may mask tachycardia 
occurring with hypaglycemia, but other manifestations such as dizziness and sweating 
may not be significantly affected. 

Thyrotoxicosia: Beta-adrenergic blockade may magi certain clinical signs (8.9. 
tachycardia) of nyparnyroidiem: Patients suspected at developing thyrotoxicosis 
should be managed carefufly to avoid abrupt withdrawal af beta-blockade, which might 
precipitate a thyroid storm. 


PRECAUTIONS 
General 
Toprol XL should be used with caution in patients with impaired hepatic function 


information for Patients 

Patients should be advised to take Toprol XL regularly and continuously, as directed, 
Preterably with or immediately following meals. H a dose should be missed. the patient 
should take only the nex! scheduled dose (without doubling it). Patients should not dis- 
continue Toprol XL without consulting the physician. 

Patients should be advised (1) to avoid operating aummobiles and machinery or 
engaging in other tasks requiring alertness until the patient's response to therapy with 
Toprol Xi. has been determined, (2) to contact the physician if any difficulty in breath- 
ing occurs; (3) to inform the physician or dentist before any type of surgery that he or 
she is taking Toprol XL. 


Laboratory Tests 
Clinical laboratory findings may include elevatec levels sf serum transaminase, alka- 
line phosphatase, end lactate dehydrogenase 


Drug interactions 

Catecholamine-depleting drugs (@.g., reserpine) may have an additive effect when 
given with beta-biocking agents. Patients seated with Toprol XL plus a catecholamine 
depletor should therefore be closely observed for eviderce af hypotension ot marked 
bradycardia, which may produce vertigo, syncope, or posvural hypotension. 


Carcinogenesis, Mutagenesis, impairment of Fertility 

Long-term studies in animals have been conducted te evaluate the carcinogenic 
potential o! metoprolol tartrate. in 2-year studies in rats at three oral dosage levels of 
up to B00 mg/kg/day, there was no increase ir the development of spontanaousiy 
occurring benign or malignant neoplasms of any type. The only histologic changes that 
appeared to be drug related were an increased incidencesof generally miid focal accu- 
mulation of foamy macrophages in pulmonary alveoli ard a slight increase in biliary 
hyperplasia. in a 21-month study in Swiss abimo mice at three ora! dosage levels of up 
to 750 mg/kg/day, benign lung tumors (smali adenomas}occurred more frequently in 
female mice receiving the highest dose than in untreated control animals. There was 
no increase in malignant or total (benign pius malignant) eng tumors. nor in the overali 
Incidence of tumors or malignant tumors. This 2°-month study was repeated in CD-1 
mice, and no statistically or biologically significan: differarces were observed between 
veated and-control mice of either sex for ane type of tumor. 

All mutagenicity tests performed on metoprolol tartrate (a dominant lethal study 
in mice, chromosome studies in somatic calis, a Salmoxella‘mammalian-microsome 
mutagenicity test, and a nucleus anomaly test in somatic interphase nucle) ang 
metoprolol succinate (a Saimonetia/mammatian-miczosome mutagenicity test} 
ware negative. 

No evidence of impaired fertility due to metoproiot tartrate was abserved in a study 
pertormed in rats at doses up to 55.5 times me macmum daily human dose of 
450 mg. 

Pregnancy Category C ` 

Metoprolol tartrate has been shown to incraase post-impsantation loss and decrease 
neonatal survival in rats at doses up to $5.4 times the maximum dally human dose of 
450 mg. Distribution studies in mice confirm axposure of tke fetus when metoproio! tar- 
trate is administerec to the pregnant animal, These studies have revealed no evidence 
of impaired fertility or teratogenicity. Thera ave no adequate and well-controlled studies 
in pregnant women. Because animal reproduction sludiessare not always predictive of 
human response, ths drug should be used quring pregnancy only if clearly needed. 
Nursing Mothers 

Metoprolol is excreted in breast milk in very smali quantities. An intant consuming 
t liter of breast mitk daily would receive a dase of fess than 1 mg of the drug. Caution 
should be exercised when Toprol Xi is administered to a cursing woman. 

Pediatric Use 

Satety and effectiveness in children have no: beer estabiisned. 

Risk Of Anaphylactic Reactions 

While taking beta-blockers, patients with a History of severe anaphylactic reactions to 
a variety of allergens may be more reactive to repeated challenge, either accidental, 


diagnostic or therapeutic. Such patients may be unresponsive to the usual doses of 
epinephrine used to treat allergic reaction. 


ADVERSE REACTIONS 

Hypertension and Angina 

Most adverse effects have Deen mild and transient. The following adverse reactions 
havecbeen reported for metaprolol tartrate. 

Central Nervous System: Tiredness and dizziness have occurred in about 10 of 100 
patents. Depression has been reported in about § of 100 patients. Mental confusion 
and short-term memory toss: have been raported. Headache. somnolence, nightmares, 
and insomnia have alst been reported. 

Cardiovascular: Shortness.o! breath and bradycardia have occurred in approximately 
& of 100 patients, Cold extremities, arterial insufficancy, usually of the Raynaud type: 
palpitations; congestive heart failure; peripheral edema; syncope, chest pain. and 
bypolension have been reported in about 1 of 100 patients (see CONTRAINDICA- 
TIONS, WARNINGS and PRECAUTIONS) 

Respiratory: Wheezing (brenchospasm) and dyspnea have been reported in about 1 
of 100 patients (see WARNINGS). 

Gastrointestinal: Diarthes nas occurred in about 5 of 100 patients. Nausea, dry 
mouth, gastric pain, constipation, flatulence. digestive tract disorders and heartburn 
have Deen reported in about 1 of 100 patients 

Hypersensitive Reactions: Pruritus or rash have eccurred in about 5 of 100 patients. 
Worsening of psoriasis has also been reported. 

Miscellaneous: Peyronie's disease has been reported in fewer than 1 of 100.060 
patients. Musculoskeletal pain, blurred vision, decreased libido and tinnitus have also 
been reported, 

There have been rare reports of reversible alopeca, agranulocytosis. and dry eyes. 
Discontinuation of the drug should be considered ifany such reaction is not otherwise 
expiicabie, The oculomucocataneous syndrome associated with the beta-blocker prac- 
toto! has not been reported with metopratol, 


Potential Adverse Reactions 

A variety of adverse reactions not fisted above hawe been reported with other beta- 
adrenergic blocking agents and should be considered potential adverse reactions to 
Topai XL. 

Central Nervous System: Reversible manta! depression progressing to catatonia: an 
acute reversible syndrome characterized by disorientation for time and place, short- 
term memory joss, emotions lability, stigntly clouded! sensorium, and decreased per- 
formance on neuropsychometrics. 

Cardiovascular: intensification of AV block (see CONTRAINDICATIONS). 
Hematologic: Agranuocysis, nonthroambocytopenic purpura, thrombocytopenic 
purpura 

hypersensitive Reactions: Fever combined with aching and sore throat, taryn- 
gospasm, and respiratory distress. 


OVERDOSAGE 

Acute Toxicity 

No overdosage has been reported with Toprol XL and no specific overdosage intor. 
mation was obtained with this drug, with the exception of animal toxicology 
data. However, since Toprof XL (metoprolol succinate salt} contains the same active 
moiety, metoprolol, as conventional metoprolol tablets (metoprolol tartrate salt). the 
tecammendations on overdesage for metoprolol conventional tablets are applicable 
to Toprol Xi, 

Signs and Symptoms 

Potential signs and symptoms associated with overdosage with metoprolol are brady- 
cardia. hypotension, oronchoapasm., and cardiac taiture, 


Treatment 

There is no specific antidote. 

in general, patients with acwe or recent myocardial infarction may be more hemody- 
namecaily unstable than other patients and shouid be treated accordingly. On the basis 
of the pharmacologic actions of metoprolol tartrate. the following general measures 
should be employed. 

Elimination of the Drug. Gastric lavage snould be partormed. 

Bradycardia: Atropine should be administered. If there is no response to vagal block- 
ade, isoproterenol should be administered cautiously 

Hypotension: A vasopressor should be administered, e.g., levarterenal or dopamine. 
B : A betap-stimulating agert and/or a theophylline derivative shouid be 
acministered, 

Cardiac Failure: A digitalis glycoside and diuretics should be administered. In shock 
resulting from inadequate cardiac contractility, admenistration of dobutamine, isopro- 
tetera’ or glucagon may be censidered 


DOSAGE AND ADMINISTRATION 

Toprol XL is an extended release tablet intended for once-a-day administration, When 
switching from immediate release metoprolol tablet m Toproi XL, the same total daily 
dose ot Toprol XL should be used. 

As with immediate release matoproici, dosages of Toprot XL shouid be individualized 
and titration may be needad ir some patierts 

Hypertension . 

The usual initial dosage is 50to 100 mg daily in a siagle dose, whether used alone or 
added to a diuretic, The dosage may be increased ai weekly (or longer} intervais unti 
optimum blood pressure reduction is achieved. In general, the maximum effect of any 
giver dosage leval will be apparent after + week of therapy. Dosages above 400 mg 
per day have not been studiec. 

Argina Pectoris 

Tha dosage of Toprol Xi. should be individualized. The usual initial dosage is 100 mg 
dady, gven in a single dose. “he dosage may be gradually increased at weekly inter 
vals until optimum clinical response has been obtained or there is a pronounced stow 
ing of the heart rate, Dosages above 460 mg pe day have not been studied | 
Treatment i to be discontinued, the dosage should be reduced gradually over a perioc 
ot 1-2 weeks (see WARNINGS), 


HOW SUPPLIED 
Contain 47.5 mg of metoprole! succinate equivalent to 50 mg of metoprolol tartrate, 
USP 


Are white, Diconvex, round, fim-coated 
Engraved jy Of one side anc scored on the other 


Bottles of 100 NOC 0166-1098-05 


‘Tablets. 100 mo; 

Contain 95 mg of metoprolol succinate equivalent t» 100 mg of metoprolol tartrate, 
use 

Are white, diconvex, round, fim-coated 

Engraved ms on one side anc scored on the other 


Botties of 100 NDC 0186-1092-05 


Contain 190 mg of metoprolol succinate equivalent to 200 mg of metoprolol tartrate, 
us? 

Are wie, biconvex, ovat, film-coated 

Engraved my and scored on cne side 

Boties of 100 NDC 0186-1094-05 

Store at controlled room temperature 15°-30°C (59--86°F) 

Manutactured by: 

Asta Pharmaceutical Producten, AB 

Sdcertaije, Sweden 

Manuractured for 


ANTRA 


Astra Pharmaceutical Products. inc 
Westborough. MA 01581-4500 


iss, 11/91 





FOOTNOTES: 


1. Please see full prescribing information above. 

2, Sandberg A, Blomevist |, Jonsson UE, Lundborg P, Phar- 
macokinetic and pharmacodynamic properties of anew 
controlied-release formulation of metoprolol; a comparisor 
with conventional tablets. Eur J Clin Pharmacol 1988; 

33 (Suppi); $9-S14. 
3. Data on file at AB Hassle. 





/ABSTRACTS 





of improvement in LV function. It is concluded that PTCA, even months 
after acute myocardial infarction, can improve chronic ischemic LV dys- 
function, especially in patients with more severely reduced LV function. 


1003 it er 
Circadian Distribution of Onset of Acute Myocardial Infarction 
in Subgroups from Analysis of 10,791 Patients Treated in a 
Single Center 

Ole Hansen, Bengt W. Johansson, and Bo Gullberg 


A circadian variation of symptom onset in acute myocardial infarction 
(AMI) with an increased frequency in the late morning and possibly also 
in the evening has been found in several studies. It has been suggested, 
however, that different circadian rhythms may exist in various subgroups 
of patients. This possibility was examined in a population of 10,791 pa- 
tients collected between 1973 and 1987 in a continuously operating regis- 
ter of myocardial infarction in Malmö, Sweden. Bimodal circadian 
rhythms were found in all defined subgroups, except in patients taking 
cardioselective 8 blockers before their AMI. Statistically significant inter- 
actions were found between symptom onset and age dichotomized at 70 
years, and patients with and without a history of previous AMI. In a 
multivariate analysis only these 2 variables (age </>70 years; + history 
of a previous myocardial infarction) were found to modify the circadian 
rhythm of symptom onset in the population. It is suggested that only minor 
differences in symptom onset between various subgroups exist within the 
same population, and that these differences probably are unable to explain 
differences in circadian rhythm of symptom onset between different popu- 
lations. 


1009 tt hen tae a 
Effects of Left Ventricular Dysfunction on the Circadian 
Variation of Ventricular Premature Complexes in Healed 
Myocardial Infarction 

Anne M. Gillis, Robert W. Peters, L. Brent Mitchell, Henry J. Duff, ee 
McDonald, and D. George Wyse 


The effect of left ventricular dysfunction on the circadian variation of __ | 
ventricular premature complex (VPC) frequency was evaluated in 132 


patients with depressed ventricular function after myocardial infarction. _ 
` In patients with left ventricular ejection fraction (LVEF ) $0.30, adistinct ` 
circadian variation of VPCs, and the expected morning increase in VPC — 
frequency were absent. A circadian variation of VPC frequency was also 
absent in patients with severe symptomatic congestive heart failure andin 
those receiving 8-adrenoceptor blocking agents, The relation between | 
heart rate and VPC frequency was also altered in these patients. A lower 
proportion of patients with LVEF <0.30 (26%) manifested a positive 
correlation between heart rate and VPC frequency than did those with 
LVEF >0.30 (46%) (p <0.05). The mechanism of this altered circadian 
rhythm needs further pil ses coacts 
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1015 
Comparison of the Plasma Levels: of Tolpan B and 
A-1, and Other Risk Factors in Men and Women with 

Premature Coronary Artery Disease 
Peter O. Kwiterovich, Jr., Josef Coresh, Hazel H. Smith, Paul s. 
Bachorik, Carol A. Derby, and Thomas A. Pearson 







The association of age, smoking, hypertension, obesity, diabetes, positive 
family history of premature coronary artery disease (CAD), and plasma 
levels of cholesterol, triglyceride, lipoproteins and apolipoproteins (apoA- 
Land 2, and B, respectively) were examined in 203 patients (99 men aged 
<50 years, and 104 women aged £60 years) undergoing elective diagnos- 
tic coronary arteriography. In men, age, smoking, and triglyceride and 
apoA-1 levels were independently associated with CAD. In women, smok- 
ing and plasma apoB levels were the strongest variables independently 
associated with CAD. “Nontraditional” risk factors (plasma apoA-1 and 
apoB levels) were better predictors of premature CAD than were plasma 
lipoproteins. Smoking was the strongest of the traditional nonlipid risk 
factors. The differences in the etiology of premature CAD between men 
and women needs further study. 


i is tec eg ee ee ee 
Prognostic Importance of Quantitative Analysis of Coronary 
Cineangiograms 

G. B. John Mancini, Martial G. Bourassa, Paula R. Williamson, Guy 
Leclerc, Scott F. DeBoe, Bertram Pitt, and Jacques Lesperance 


Numerous studies have demonstrated the prognostic value of cineangio- 
graphic data. Few analyses have examined quantitative parameters of wall 
motion and shape or coronary stenosis severity. To determine the prognos- 
tic importance of quantitative parameters, baseline cineangiograms of 283 
patients with a mean of 8.3 years of clinical follow-up were subjected to 
quantitative analyses. Regional shape (anterior and inferior walls) and 
motion (anterior wall only) indexes, when considered in isolation, were 
predictive of event-free survival. These parameters were not of indepen- 
dent prognostic importance in regression models. The most important 
independent predictors of overall cardiac mortality or an initial lethal 
cardiac event were the ejection fraction and the percent diameter narrow- 
ing of each of the major coronary arteries. Myocardial infarction, how- 
ever, was predicted by the percent diameter stenosis of the left main and 
left anterior descending arteries but not the ejection fraction. Thus, quan- 
tification of the ejection fraction and severity of coronary narrowings, but 
not indexes of regional function cr shape are of independent prognostic 
importance. 





Continued on page A26_ 
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- ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


1028. se ON ee nny NaNO EN a teed et ie 
< Supraventricular Tachycardia Mechanisms and Their Age 

Distribution in Pediatric Patients 

Jae Kon Ko, Barbara J. Deal, Janette F. Strasburger, and D. Woodrow 

Benson, Jr., with the technical assistance of Mark Donovan 


We examined age distribution of supraventricular tachycardia (SVT) 
mechanisms in 137 nonsurgically treated infants, children and adoles- 
cents, An electrophysiologic study was performed in each patient: transe- 
sophageal (110 patients) or transvenous (14 patients), or both (13 pa- 
tients). Mechanisms were classified as SVT using accessory atrioventricu- 
lar (AV) connections, primary atrial tachycardia, and tachycardia due to 
reentry within the AV node. Mechanisms of SVT appear to be age- 
dependent. The age-dependent probability of SVT using accessory con- 
nection is 58 to 84% and is most common in infants. Primary atrial 
tachycardias are distributed throughout childhood with a probability of 11 
to 16%. It is speculated that the propensity to tachycardia due to reentry 
within the AV node occurs during postnatal development because it has an 
age-dependent probability of 0 to 31% and rarely occurs before the second 
year of life. 





1033 oh es ee ee ee eee 
On the Mechanism of Termination and Perpetuation of Atrial 
Fibrillation 

Yukio Asano, Jun-ichi Saito, Kazuo Matsumoto, Keiko Kaneko, Toshio 
Yamamoto, and Masatsugu Uchida 


To clarify the mechanism of termination and perpetuation of atrial fibril- 
lation (AF), the intraatria! potentials during AF were analyzed using the 
wavelength concept. The study group comprised 20 patients with transient 
AF (group 1) and 10 patients with sustained AF (group 2). Wavelength is 
the product of refractory period and conduction velocity. During AF, 
refractory period correlates with the mean interval between each intraatri- 
al potential (mean ff) and conduction velocity correlates inversely with the 
width of intraatrial potentials (f width). Thus, the wavelength index was 
defined as (mean ff)/(mean f width). Group 1 had higher wavelength 
indexes after AF induction than group 2 (p <0.05). In group 1, wave- 
length indexes increased just before AF termination (p <0.001). In 3 
group 2 patients, AF stopped after disopyramide infusion, whereas wave- 
length indexes increased before AF ended (p <0.05). Thus, prolongation 
of the wavelength is essential for AF termination and shorter wavelengths 
are necessary for AF perpetuation. 


1039 ee eat ee eT NE ne SER ne ere AE Be coy Cee eT OI 
Long-Term Outcome of Paced and Nonpaced Patients with 
Severe Carotid Sinus Syndrome 

Michele Brignole, Carlo Menozzi, Gino Lolli, Nicola Bottoni, and Germano 
Gaggioli 


A randomized, prospective study: comparing pacemaker therapy and no 
therapy was performed in 60 patients affected by severely symptomatic 
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Habitrel 


hicotine transdermal systemi 


FINALLY THE 

END OF SMOKING 
DEPENDENCE MAY 
BE AT HAND... 





For the motivated patient 
who wants to quit 


Habit l 


hicotine transdermal system) 


Habitrol significantly increases 
abstinence rates’ when used as part of 

a comprehensive behavioral smoking 
cessation program—even in moderately to 
highly nicotine-dependent patients" 


E Significantly reduces craving for cigarettes through controlled 
nicotine release! 


E Helps break the chain of smoking dependence with full 24-hour 
nicotine plasma levels 


E Safe and well tolerated 
H Provides the safety of child-resistant packaging 





Habitrol is available with a Patient Support Kit, to be used as part of a 
comprehensive behavioral smoking cessation program. This kit provides 
materials to help motivated patients address the behavioral and social 
components of smoking dependence. 


This product should not be used for more than three months. The effects of 
Habitrol treatment on fetal development are unknown. Pregnant or nursing 
smokers should be encouraged to attempt smoking cessation using 
nonpharmacologic approaches before using Habitrol. The risks 

vs. benefits of nicotine replacement should be weighed in patients 

with certain cardiovascular and peripheral vascular diseases. 

Certain concomitant medications may need dosage adjustments 

(see Drug Interactions section of complete Prescribing Information). 


THE PATCH PEF 
THAT BEATS piia: 
THE PACK 





Helps patients adjust to a smokefree 


lifestyle with gradual reduction of nicotine 


E Available in three dosages for step-down therapy 


E Start most patients on one 21 mg/day patch for 30 days, continue with 
one 14 mg/day patch for 30 days, and follow with one 7 mg/day patch 





for 30 days’ 
30 days 30 days 30 days 
21 mg/day *® 14 mg/day? 7 mg/day’ 
Treatment Range 4-8 weeks 2-4 weeks 2-4 weeks 





E Used and unused systems should be kept 
out of the reach of children and pets 








*Abstinence was measured by diary entries and confirmed by 
breath carbon monoxide levels. 

tRepresents patients scoring =6 points on the Fagerstrom 
Tolerance Test 

*For patients with coronary artery disease or who weigh less 
than 100 Ibs or smoke less than '/2 pack of cigarettes/day, 
please see Individualization of Dosage Section of Prescribing 
Information 

Patches shown 50% of actual size 


Please see brief summary of Prescribing Information on next page. 








Habitrol® 


(nicotine transdermal system) 
Systemic delivery of 21, 14, or 
7 mg/day over 24 hours 


BRIEF SUMMARY (FOR FULL PRESCRIBING 
INFORMATION, SEE PACKAGE INSERT) 


INDICATIONS AND USAGE 
Hobitrol treatment is indicated as ar aid to smoking cessation for 
the relief of nicotine withdrawal symptoms. Habitrol treatment 
should be used as a part of o comprehensive behavioral smoking 
cessation program. 

The use. of Habitrol systems for longer than 3 months has not been 
studied. 


CONTRAINDICATIONS 

Use of Habitrol systems is contraindicated in patients with hyper- 
sensitivity or allergy to nicotine or to any of the components of the 
therapeutic system. 


WARNINGS 
Nicotine from any source con be toxic and addictive. Smoking 
couses lung cancer, heart disease, emphysema, and may adversely 
cffect the fetus and the pregnant woman. For any picker with or 
without cancomitant disease or pregnancy, the risk of nicotine 
replacement in o smoking cessation program should be weighed 
against the hazard of continued smoking while using Hebitrol sys- 
tems, and the likelihood of achieving cessation of smoking without 
nicotine replacement. 
Pregnancy Warni 
Tobacco smoke, which has been shown to be harmful to the fetus, 
contains nicotine, hydrogen cyanide, and carbon monoxide. Nico- 
tine has been shown in animal studies to cause fetal harm, Itis there- 
fore presumed that Habitrol treatment can cause fetal harm when 
administered to a pregnant womon, The effect of nicotine deliver 
by Habitrol systems has not been examined in pregnancy (see PRE. 
CAUTIONS, Other Effects}, Therefore pregnant smokers should be 
encouraged to attemp! cessation using educational and behov- 
ioral interventions before using pharmacological approaches. If 
Habitrol therapy is used during pregnancy; or if the patient 
becomes pregnant while using Habitrol treatment, the patient 
should be apprised of the potentic! hazard ta the fetus. 
Safety Note Concerning Children 
The amounts of nicotine that ore tolerated by adult smokers can 
produce symptoms of poisoning and could prove fatal if Habitrol 
systems are applied or ingested by children or pets. Used 21 mg/ 
lay systems contain about 60% (32 mg! of their initial drug content. 
Therefore, patients should be coutioned to keep both used ond 
unused Habitrol systems out of the reach of children and pets. 


PRECAUTIONS 


mera 

The patient should be urged to stap smoking completely when initi- 
ating Habitrol therapy (see DOSAGE AND ADMINISTRATION). 
Patients should be informed that if they continue to smoke while 
using Habitrol systems, they may experience adverse effects dve to 
peak nicotine levels higher than those experienced from smoking 
alone. If there is a clinically significant increase in cardiovascular 
or atherelfects attributable to nicotine, the Habitrol dase should be 
reduced or Habitral treatment discontinued [see WARNINGS). Phy- 
sicians should anticipate that concomitant medications may need 
dosage-adjustment (see Drug Interactions’. 

The use of Habitrol systems beyond 3 months by patients who 
stop smoking should be discouraged because the chronic con- 
sumption of nicotine by any route con be harmful and addicting. 
Allergic Reactions: in o 6-week open-label dermal irritation and 
sensitization study of Habitrol systems, 22 of 220 patients exhibited 
definite erythema at 24 hours chee application, Upon rechallenge, 
3 patients exhibited mild-to-moderate contact allergy. Patients with 
contact sensitization should be cautioned that a serious reaction 
could accur from exposure to other nicotine-containing products or 
smoking. In the efficacy trials, erythema following system removal 
was typically seen in about 17% of patients, some edema in 4%, 
and dropouts due to skin reactions occurred in 6% of patients. 

Patients should be instructed to promptly discontinue the Habitrot 
treatment and contact their physicians if they experience severe or 
persistent local skin reactions o the site of application (e.g. severe 
erythema, pruritus or edema} or a generalized skin reaction (e.g., 
urticaria, hives, or generalized rash 
Skin Disease: Habitrol systems are usually well tolerated b 
patients with normal skin, but moy be irritating for patients with 
some skin disorders {atopic or eczematous dermatitis). 
Cardiovascular or Peri | Vascular Diseases: The risks of nico- 
fine replacement in patients with certain cardiovascular and 

ripheral vascular diseases should be weighed against the bene- 
fits of including nicotine replacement in g smoking cessation pro- 
gom for them. Specifically, potients with coronary hear! disease 
thistory of myocordial infarction and/or angina pectoris), serious 
cardiac arrhythmias, or vasospastic diseases [Buerger’s disease, 
Prinzmetal’s variant angina) should be carefully screened and 
evaluated before nicotine replacement is prescribed. 

Tachycardia occurring in association with the use of Habitral 
freatment was reported occasionally. H sericus cardiovascular 
symptoms occur with Habitral treatment, it should be discontinued. 

Habitrol treatment should generally not be used in patients dur- 
ing the immediate post-myocardial infarction period, patients with 
serious arrhythmias, and patients with severe or worsening angina 

ectoris. 

nal or Hepatic Insufficiency: The pharmacokinetics of nicotine 
have not been studied in the elderly or in patients with renal or 
hepatic impairment. However, given that nicotine is extensively 
metabolized ond that its total system clearance is dependent on 
liver blood flow, some influence of hepatic impcirment on drug 
kinetics (reduced clearance! should be anticipated. Only severe 
renal impairment would be expected to affect the clearance of nic- 
otine or its metabolites from the circulation (see CLINICAL PHAR- 
MACOLOGY, Pharmacokinetics}, 

Endocrine Diseases: Hobitro! treatment should be used with cou- 
tion in patients with hyperthyroidism, pheochromocytoma or insu- 
lin-dependent diabetes since nicotine causes the release of 
catecholamines by the adrenal medulla. 

Peptic Ulcer Disease: Nicotine delays healing in peptic ulcer dis- 


ease: therefore, Habitrol treatment should be used with caution ia 
patients with active peptic ulcers and only when the benefits of 
including nicotine replacement in a smoking cessation program 
outweigh the risks. 
Accelerated Hypertension: Nicotine constitutes a risk factor fer 
development of malignant hypertension in patients with acceler- 
ated hypertension; therefore, Habitro! treolment should be used 
with caution in these patients and only when the benefits of includ- 
ing nicotine replacement in a smoking cessation program outweigh 
the risks. 
Information for Patients 
A patient instruction sheet is included in the package of Habitrol 
systems dispensed fo the patient, It contains important information 
and instructions on how to use and dispose of Habitrol systems 
properly. Patients should be encouraged to ask questions of the 
physician and pharmacist. 

‘atien’s must be advised tc keen both used and unused systems 
out of the reach of children and pets. 
Drug Interactions 
Smoking cessation, with or without nicotine replacement, may aler 
the pharmacokinetics of certain concomitant medications, 


May Require a Decrease in 
Dose at Cessation of Smoking Possible Mechanism 





Deinduction of hepatic 


Acetaminophen, caffeine, f 
enzymes on smoking cessation 


imipramine, oxazepam 
pentozocine, propranolol, 
theophylline 


Insulin Increase of subcutaneous 
insulin absorption with 
smoking cessation 


Decrease in circulating 
catecholamines with smoking 
cessation 


Adrenergic antagonists (e.g, 
prazosin, labetalol) 


May Require an Increase in 
Dose at Cessation of Smoking Possible Mechanism 





Decrease in circulating 
catecholamines with smoking 
cessation 


Adrenergic agonists leg. 
isaproterenol, phenylephrine} 


Carcinogenesis, Mutagenesis, Impairment of Fertility 

Nicotine itself does not appear to be a carcinogen in laboratory 
animels. However, nicotine and its metabolites increased the inci- 
dence of tumors in the cheek pouches of hamsters and farestomach 
of F344 rats, respectively, when given in combination with tumor- 
initiators. Ore study, which could not be replicated, suggested thot 
cotinine, the primary metabolite of nicotine, may cause lymphorati- 
cular sarcoma in the large intestine in rats. 

Nicotine ond cotinine were not mutagenic in the Ames Solimo. 
nella test. Nicotine induced repairable DNA damage in an È. coh 
test system, Nicotine wos shown to be genotoxic in a test system 
vag Chinese hamster ovory cells. In rats and rabbits, implantation 
con be delayed or inhibited by o reduction in DNA synthesis that 
appears to be caused by nicotine. Studies have shown a decreuse 
in litter size in rats treated with nicotine during gestation. 

Pregnancy Category D isee WARNINGS} 

The harmful effects of cigarette smoking on maternal anc fetal 
health are clear! established These include low birth weight, an 
increased risk of spontaneous aborton, and increased perinatal 
mortality. The specific effects of Habitrol treatment on fetal devel- 
opment are unknown. Therefore, pregnant smokers should be 
enccuraged to attemp! cessction using educational and behav- 
ioral interventions before using pharmacological approaches 

Spontaneous abortion during nicotine replacement theraay has 
been reported; as with smoking, nicotine as a contributing factor 
cannot be excluded. 

Habitrol treatment should be used during pregnancy only if the 
likelihood of smoking cessation justifies the potential risk of use of 
nicotine replacement by the patient, who may continue to smoke. 
Teratogenicity 
Animal Studies: Nicotine was shown to produce skeletal abnor- 
malities in the offspring af mice when given doses toxic to the dams 
z mg/kg/day IP or sty 

uman Studies: Nicotine teratogenicity has not been studied in 
humans excep! as a component of cigarette smoke (each cigarette 
smoked delivers about F mg of nicotine}. It has not been possibile to 
conclude whether cigarette smoking is teratogenic to humens 
Other Effects 
Animal Studies: A nicotine bolus (up to 2 mg/kg} to pregnant rhesus 
monkeys caused acidos:s, hypercarbia, and hypotension [fetal and 
maternal concentrations were about 20 times those achieved ater 
smoking | cigarette in minutes). Fetal breathing movements were 
reduced in the fetal lomb oftar intravenous injection of 0.25 mg/kg 
nicotine to the ewe [equivalent to smoking | cigarette every 20 sec- 
onds for 5 minutes), Uterine blood flow was reduced about 30% 
after infusion of 0.) mg’kg/min nicotine for 20 minutes to pregnant 
rhesus monkeys (equivalent to smoking about six cigarettes avery 
minute for 20 minutes} 

Human Experience: Cigarete smoking during pregnancy is associ 
ated with an increased risk of spontaneous abortion, low-birth- 
weight infants ond permatol mortality, Nicotine and carbon 
monoxide are considered the most likely mediators of these out- 
comes, The effects of cigarette smoking on fetal cardiovascular 
perameters has been studied near term. Cigarettes increased fetal 
aortic blood flow and heart rate, and decreased uterine blood flow 
ard fetal breathing movements. Habitro! treatment has not beer: 
studied in pregnant humans. 

Lebor and Delivery 

Habitral systems are not recommended to be left on during labor 
and delivery, The effects of nicotine on the mother or the fetus dur- 
ing labor ore unknown. 

Nursing Mothers 

Caution should be exercised when Habitrol theropy is odminis- 
tered to nursing women. The safety of Habitrol treatment m sursing 
infants has not been exam-ned. Nicotine passes freely into-breas! 
milk; the milk-to-plosma ratio averages 2.9. Nicotine is absorbed 
orally. An infant has the ability to clear nicotine by hepatic first-pass 
clearance; however. the efficiency of removal is probably lowest at 
birth, The nicotine concentrations in milk con be expected to be 
lower with Habitrol treatment when used as directed than with cigo- 


rete smoking, as maternal plasma nicotine concentrations 
generally reduced with nicotine mplacement, The risk of expo 
of the infant to nicotine from Hatitrol systems should be wei 
against the risks associated with the infart’s exposure fo nic 
from continued smoking by the mother (passive smoke expe 
and contamination of breast milk with other componen 
tobacco smoke} and from Habitrcl systems alone or in combine 
with continued smokirg. 

Pediatric Use 

Habiirol systems ore rot recommended for use in children bec 
the safety and effectiveness of Habitral treatment in children 
adolescents who smoxe have no! been evaluated. 

Geriatric Use 

Forty-eight patients over the age of 40 participated in clinical 
of Habitrol therapy. Habitrol therapy appeared to be as effecti 
this age group as in younger smokers. 


ADVERSE REACTIONS 
Assessment of adverse events in the 792 patients who particip 
in controlled clinical trials is complicated by the occurrence ı 
and CNS effects of nicotine withdrawal cs well as nicotine ex 
The actual incidences of both are confounded by concurrent s1 
ing by many of the patients, In the trials. when reporting ach 
evants, the investigators did not attempt to identify the cause ¢ 
symptom, 
Topical Adverse Events 
The most common adverse event associated with topical nicot 
a short-lived erythersa, pruritus, or burnyng at the applicatior 
which was seen at least once in 35% of patients on Hobitrol { 
mentin the clinical trials, Local erythema offer system remove 
noted at least once in 17% of patients ond local edema in 4% 
thema generally resolved within 24 hours. Cutaneous hypers 
byity (contact sensitization) occurred in 2% of patients on Hal 
treatment (see PRECAUTIONS, Allergic Reactions}. 
Probably Cousally Related 
The following adverse events were reported more frequen 
fabitral-treated patients thon in placebo-treated potier 
exhibited a dose response in clinical trols. 
Digestive system — Diarrhea," dyspepsia." 
Mouth/Toott disorders ~ Dry mouth. 
Musculoskeletal system ~ Arthralgia,* myalgia.” 
Nervous system ~ Abnormal dreams,! somnolence.! 





Frequenciesfor 21 mg/day system 
“Reported ir 3% to 9% of patients. 
‘Reported ir 1% to 3% of patients, 
Unmarked if reported sn = 1°% of patients. 
Causal Relationship Unknown 
Adverse events reported in Habitrol- and placebo-treated pa 
at about the some frequency in clinical trials are listed belov 
clinical significance of the association between Habitrol trea 
and these events s unknown, but they are reported as ale 
information forthe clinician, 
Body as o whele ~ Allergy,’ back paint 
Cardiovascular system — Hypertension. 
Digestive system - Abdominal pain, constipation, nar 
vomiting. 
Nervous system — Dizziness,” concentration impaired,’ 
headache (17%), insomnia.” 
Respiratory system ~ Cough increased, ? pharyngitis," 
sinusitis. 
Urogenital system- Dysmenorrhea." 





Frequencies ‘or 2) mg/day system 
*Reparted in 3% to 9% of patients, 
tReparted in 1% to 3% of patients. 
Unmarked if reported in < 1% of patients, 


DRUG ABUSE AND DEPENDENCE 

Habitrol systemsiare likely to have a iow abuse potential bas 
differences between it and cigarettes in four characteristics 
monly considered importon: in contributing to abuse: much s 
absorption, much smaller fluctuations in blood levels, lower 
levels of nicotine, and less frequent vse (i.e. once daily). 

Dependence an nicotine polacrilex chewing gum replac 
therapy has been reportec. Such dependence might also 
from transference to Habitrol systems of tobacco-based ni 
dependence. The use of the system beyond 3 months has no 
evaluated and snould be discouraged. 

To minimize the risk of dependence, patients should be e 
aged to withdraw gradually from Habitral treatment afte 
8 weeks of usage. Recommended dase reduction is to progre: 
decrease the dase every 2 to 4 weeks (see DOSAGE AND AL 
ISTRATION). 
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165 mg. enteric coated aspirin tablets 


When low-strength aspirin is all your patients 
need to reduce the risk of recurrent 
Myocardial infarction... Unstable Angina 
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tS Ss | -o a oa raran 
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| Or Pharmacist abou 
other uses for... 


@ COMPLIANCE ASSURED 
Allows for flexible dosing. No need to break 
tablet in half or alternate the daily dose to 
achieve individualized dosing. 


@ ENTERIC COATED | 
Minimizes gastric irritation. GEA 
@ CONVENIENCE F 

Low strength tablet preferred for flexible dosing. | YE 

@ PROVEN SAFE & EFFECTIVE |  <0ENTRCCONEDASRNTABS 

Recent studies have proven aspirin to be safe and |  "astantiamonaromns, me, mani ie 3174 ON BAEK OF PACKAGE 
effective in reducing the risk of recurrent heart n : 
attacks and unstable angina. * 
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carotid sinus syndrome. During 4-year follow-up, most ronpaced patients 
had recurrence of symptoms, which frequently led to the implant of a 
secondary pacemaker; paced patients had a significantly lower rate of 
symptom recurrence, and a better quality of life. 


1044 
Usefulness of Clinical Characteristics in P Predicting the l 
Outcome of Electrophysiologic Studies in Unexplained Syncope 
Wiliam B. Bachinsky, Mark Linzer, Leisa Weld, and N. A. Mark Estes Ill 





Clinical factors predicting the outcome of electrophysiologic studies in 
syncope would be helpful in determining which syncope patients would 
benefit from this test. This study validates the sensitivity and specificity of 
clinical predictors found in prior work to be highly sensitive for predicting 
electrophysiologic study results in syncope. Organic heart disease and 
nonsustained ventricular tachycardia on Holter monitoring were highly 
sensitive for ventricular tachycardia at electrophysiologic study (sensitiv- 
ity 100%). Sinus bradycardia, first-degree atrioventricular block and bun- 
dle branch block were also sensitive for bradyarrhythmic outcomes (sensi- 
tivity 79%). Electrophysiologic testing in syncope is unlikely to be diagnos- 
tic in patients without these clinical variables. i 


VALVULAR HEART DISEASE 


1050. e e a eee 
Estimation of Mitral Valve Area from Regression Analysis of 
the Pressure Gradient in Mitral Stenosis 

John A. Bittl, Alan C. Yeung, Vladimir Vekshtein, John D. Parker, and 

R. David Fish 


Does the collapse of the mitral gradient in mitral stenosis correlate with 
mitral valve area (MVA)? In this study, linear and nonlinear regression 
analysis of mitral pressure tracings were equally accurate in yielding 
estimates that closely matched the Gorlin measurements of MVA. These 
results suggest that linear regression analysis of mitral gradient tracings 
may yield on-line estimates of MVA in the cardiac catheterization labora- 


tory. 





CONGENITAL HEART DISEASE 


1056 ERIN TR ce a er ee G 
Transcatheter Closure of Atrial Septal Defect by “Buttoned” 
Devices 

P. Syamasundar Rao, Allen D. Wilson, and Paramjeet $: Chopra 


Twelve patients underwent transcatheter closure of atrial septal defect 
with a new “buttoned” device that was delivered to the site of implantation 
with an 8Fr sheath. Four closures were performed with the first-genera- 
tion device, and 8 with a modified, second-generation device. One of the 
first 4 devices got dislodged and needed surgical intervention. After modi- 
fication of the device to include a radiopaque marker on the “button,” no 


Continued on page A36 
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Even in mild to moderate heart failure, when diuretics and digitalis are not enough* 





ADDING CAPOTEN DOES MORE FOR PATIENTS 
SO THEY CAN DO MORE FOR THEMSELVES.” 


IN HEART FAILURE 


CAPOTEN is contraindicated in patients who are hypersensitive to this product. Angioedema has been reported in patients 
receiving ACE inhibitors. 

*CAPOTEN should generally be added to diuretics and digitalis except when digitalis use is poorly tolerated or otherwise not 
feasible; add CAPOTEN when patients have not responded adequately. 
Please see INDICATIONS AND USAGE, CONTRAINDICATIONS, WARNINGS, PRECAUTIONS, and ADVERSE REACTIONS in the brief 
summary on the adjacent page. 








CONTRAINDICATIONS: CAPOTEN is contraindicated in patients who are hypersensitive to this product or any 


‘other angiotensin-converting inhibitor {8.g.. a patient who has experienced angioedema during therapy 
with any other ACE inhibitor}, 
WARNINGS: joeciema involving the extremities. face, lips, mucous membranes, tongue, glot 


tis of larynx has been seen in patients treated with ACE inhibitors, including captopril. if angioedema involves the 
tongue, or larynx, airway obstruction may occur and be fatal. Emergency therapy, including but not nec- 
essariy limited to, subcutaneous administration of a 1:1000 solution of epinephrine should be promptly instituted. 


Neutropenia/Agranulocytosis—Neutropenia (< 1000/mm' with myeloid hypoplasia has resulted trom use of cap- 
topril. About half of the neutropenic patienté developed systemic or oral cavity infections or other features of the 
syndrome of agranulocytosis. The risk of neutropenia is dependent on the clinical status of the patient: 


in clinical trials in patients with hypertension who have normal renal function (serum: creatinine less than 1.6 
me/dl. and no collagen. vascular disease) neutropenia has been seen in one patient out of over 8,600 exposed. 
In patients withesome degree of renal faliure (serum creatinine at least 1.6 mg/dL) but no collagen vascular 
disease, the risk in clinical trials was about 1 per 500, Doses were relatively high in these patients, particularly 
in view of their diminished: renal function. in patients with collagen vascular diseases (e.g., systemic lupus ery- 
thamatosus, scleroderma) and impaired renal function, neutropenia occurred in 3.7% of patients in clinical tr 
als. While none of the over 750 patients. in formal clinical trials of heart failure developed neutropenia, it has 
occurred during the subsequent clinical axperience. Of reported cases, about half had serum creatinine z 1.6 
mg/dl and more than 75% received procainamide. in heart failure, it appears that the same risk factors for nau- 
topenia are present: 
Neutropenia has appeared usually within 3 months after starting therapy, associated with myeloid hypoplasia and 
frequently accompanied by erythroid hypoplasia and decreased numbers of megakaryocytes (e.9., hypoplastic 
bone marrow and pancytopenia); anemia and thrombocytopenia were sometimes seen. Neutrophils generally re 
turned to normal in about 2 weeks after captopril was discontinued, and serious infections were limited to clint 
cally complex patients. About 13% of the cases of neutropenia have ended fatally, but almost all fatalities were ir 
patients with serious illness, having collagen vascular disease, renal failure, heart failure or immunosuppressant 
therapy, or a combination of these complicating factors. Evaluation of the or heart failure patient 
should always include assessment of renal function. If captopril is used in patients with impaired renal tuno 
tion, white blood cell and differential counts should be evatuated prior to starting treatment and at approximately 
2-week intervals for about 3 months, then periodically. In patients with collagen vascular disease or who are ex: 
posed to other drugs known to affect the white cells or immune response, particularly when there is impaired 
renal function, captopril should be used only after an assessment of benefit and risk, and then with caution. Alt 
patients treated with captopril should be told to report any signs of infection (e.g., sore throat, fever). If infection 
is su , perform white cell counts without delay. Since discontinuation of captopril and other drugs has gen- 
erally tad to prompt return of the white count to normal, upon confirmation of neutropenia (neutrophil count 
<1000/mm®’) withdraw captopril and close'y foliow the patient's course. 


Proteinuria: Totalurinary proteins >1 g per day were seen in adout 0.7% of patients on captopril, About 90% of 
affected patients had evidence of prior renal disease or received high doses (> 150 mg/day), or both. The 
nephrotic syndrome occurred in about one-fifth of proteinuric patients. In most cases, proteinuria subsided or 
cleared within 6 months whether or not captopril was continued. The BUN and creatinine were seldom altered in 
proteinuric patients. Since most cases of proteinuria occurred by the 8th month of therapy with captopril, patients 
with prior renal disease or those receiving captopril at doses >150 mg per day, should have urinary protein es- 
timates (dip-stick on ist morning urine) tefore therapy, and periodically thereafter. 


t Excessive hypotension was rarely seen in hypertensive patients but is a possible consequence of 
captopril use in salt/volume depleted persons (such as those treated vigorously with diuretics), patients with heart 
failure or those patients undergoing renal sialysis. (See PRECAUTIONS [Drug Interactions].) In heart failure, whare 
the blood pressure was either normal or low, transient decreases in mean blood pressure >20% were recorded 
in about half of the patients. This transient hypotension is more likely to occur after any of the first several doses 
and is usually well tolerated, although rarely it has been associated with arrhythmia or conduction defects. A start- 
ing dose of 6,25 or 12.5 mg tid may minimize the hypotensive effect. Patients should be followed closely for the 
first’ 2 weeks of treatment and whenever the dose of captopril and/or diuretic is increased. 

BECAUSE OF THE POTENTIAL FALL IN BLOOD PRESSURE IN THESE PATIENTS, THERAPY SHOULD 
BE STARTED UNDER VERY CLOSE MEDICAL SUPERVISION, 


Fatal: Neonatal Morbidity and: Mortality: ACE inhibitors, including CAPOTEN, can cause fetal and neonatal 
morbidity and mortality when administered to pregnant women, 

Captopril crosses the human placenta. When ACE inhibitors have been used during the second and third 
trimesters of pregnancy; there have bee reports of hypotension, renal failure, skull hypoplasia, and/or death in 
the newborn, Oligohydramnios has also been reported, presumably representing decreased renal function in the 
fetus; imb contractures, craniofacial deformities, hypoplastic lug davoiopment; and intrauterine growth retar- 
dation have been reported in association with oligohydramnios. Patients who do require ACE inhibitors during 
the second and third trimester of pregrancy should be apprised of the potential hazards to the fetus, and tre 
quent ultrasound examinations should be performed to look for ofigohydramnios. If oigohydramnios is observed, 
CAPOTEN should be discontinued unless it is considered life-saving to the mother. 

Other potential risks to the fetus/neorate exposed to ACE inhibitors include: prematurity, patent ductus arte- 
tiosus; fetal death has also bean reported. it is not clear, however, whether these reported events are related to 
AGE inhibition:or the underlying maternal disease. It is not known whether exposure limited to the first trimester 
can adversely affect fetal outcome. 

infants exposed in utero to ACE inhibitors should be closely observed for hypotension, oliguria, and hyper- 
kalemia. Hf oliguria occurs, attention should be directed toward support of blood pressure and renal perfusion, 

While captopril may be removed fromthe adult circulation by hemodialysis, there is inadequate data conceming 
the effectiveness of hemodialysis for removing it from the circulation of neonates or children. Peritoneal dialysis 
is not effective for removing captopril; there is no information concerning exchange transfusion for removing cap- 
topril from the general circulation. 

Captopril was embryocidal in rabbits whan given in doses about 2 to 70 times (on a mg/kg basis) the maxi- 
mum recommended human dose, and iow incidences of craniofacial malformations were seen. These effects in 
rabbits were most probably due to the particularly marked decrease in blood pressure caused by the drug inthis 


Captopril: given to pregnant rats at 400 times the recommended human dose continuously during gestation 
and lactation: caused a reduction in neonatal survival. 

No teratogenic affects (maiformations} have been observed after large doses of captopril in hamsters and sats. 

if CAPOTEN is used during pregnarcy or if the patient becomes pregnant while taking CAPOTEN, the patient 
should be apprised of the potential hazard to the fetus. 
PRECAUTIONS: General: Impaired Renal Function-Hypertersion-Some hypertensive patients with renal disease, 
particularly those with severe renal artary stenosis, have developed increases in BUN and serum creatinine. It 
may be necessary to reduce captopril- dosage and/or discontinue diuretic. For some of these patients, normal- 
ization of blood pressure and maintenance of adequate renal perfusion may nat be possible. Heart Pailure-About 
20% of patients develop stable elevations of BUN and serum creatinine >20% above normal or baseline spon 
iong-term treatment. Less than 5% of patients, generally with severe preexisting renal disease, required discon 
tinuation due to progressively increasing creatinine. See DOSAGE AND ADMINISTRATION, ADVERSE REACTIONS 
{Altered Laboratory Findings]. Hyperselemia: Elevations in serum potassium have been observed in some pa 
tients treated with ACE inhibitors, including captopril. When treated with ACE inhibitors, patients at risk for the 
development of hyperkalemia include those with: renal insufficiency; diabetes mellitus; and those using concomitant 
potassium-sparing diuretics, potassiun supplements or potassium-containing salt substitutes; or other drugs as- 
sociated with increases in serum potassium. (See PRECAUTIONS: Drug Interactions; ADVERSE REACTIONS: 
Altered Laboratory Findings.) Valvular Stenosis-A theoretical concern, for risk of decreased coronary perfusion, 
has been noted regarding vasodilator treatment in patients with aortic stenosis due 10 decreased afterload re 
duction. Surgery/Anesthesiat hypotension occurs during surgery or anesthesia, and is considered due to the 
affects of captopril, it is correctable by volume expansion. 


Drug Interactions: Hypotension-Patients on Diuretic Therapy-Precipitous reduction of blood pressure may oc- 
casionally occur within the ist hour alter administration of the initial captopril dose in patients on diuretics, es- 
pecially those recently placed on diuretics, and those on severe dietary salt restriction or dialysis. This passibility 
can be minimized by either discontinuing the diuretic or increasing the salt intake about 1 week prior to inifiation 
of captopril therapy or by initiating tharapy with small doses (6.25 or 12.5 mg). Alternatively, provide medical su- 
pervision for at least 1 hour after the initial dose. 

Agents Having Vasodilator Activity-in heart failure patients, vasodilators should be administered with caution. 
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Agents Affecting Sympathetic Activity-The sympathetic nervous system may be especially important in sup 
porting blood pressure in patients receiving captopril alone of with diuretics, Beta-adrenergic blocking drugs add 
some fuither antihypertensive effect to captopril, but the overall response is less than additive. Therefore, use 
agents affecting sympathetic activity:(e.g., ganglionic blocking agents or adrenergic neuron blocking agents) with 

Agents Increasing Serum Potassium-Give potassium-sparing diuretics or potassium supplements only for doc- 
umented hypokalemia, and then with caution, since they may eid to a significant increase of serum potassium. 
Use potassium-containing salt substitutes with caution. 

inhibitors of Endogenous Prostaglandin Synthesis-Indomethacin and. cther nonsteroidal. anti-inflammatory 
agents may reduce the antihypertensive effect of captopril, especially in low renin hypertension: 

Lithiun-Increased serum lithium levels and symptoms of lithium toxicity have beer reported in patients receiving 
concomitant lithium and ACE inhibitor therapy. These drugs should be coadministered with caution and frequent 
monitoring of serum lithium levels is recommended. If a diuretic is also used, it may increase the risk of lithium 
toxicity. 

Drug/Laborstory Test interaction: Captoprii may cause a false-positive urine test for acetone. 


Carcinogenesis, Mi and Impairment of Fertility: Two-year studies with doses of 50 to 1350 mg/kg/day 
in micesand rats failed to show any evidence of carcinogenic potential. Studies in rats have revealed no impair- 
ment of fertility, 


Pregnancy: Category D: See WARNINGS, Fetal/Neonatal Morbidity and Mortality, 


Nursing Mothers: Concentrations of captopril in human milk are approximately one percent of those in mater- 
nal blowd. Because of the potential for serious adverse reactions in nursing infants from captopril, a decision should 
be made whether to discontinue nursing or to discontinue the drug, taking into account the importance of 
CAPOTEN to the mother. (See PRECAUTIONS: Pediatric Use.) 


Pediatric Use: Safety and effectiveness in children have not been established. There is limited experience re- 
portediin the literature with the use of captopril in the pediatric population: dosage, on a weight basis, was gen- 
erally reported to be comparable to or less that that used in adults. 

Infants, especially newborns, may be more susceptible to the adverse hemodynamic effects of captopril. 
Excessive, prolonged and unpredictable-decreases in blood pressure and associated complications, including 
ofiguria and seizures, have been reported. 

CAPOTEN (captopril) should be used in children only if other measures for controlling blood pressure have 
not bean effective. 


ADVERSE REACTIONS: Reported incidences are based:on clinical trials involving approximately 7000 patients. 

Renal: About 1 of 100 patients developed proteinuria (see WARNINGS). Renal insufficiency, renal failure, 
nephrotic syndrome, polyuria, oliguria, and urinary frequency in 1 to 2 of 1000 patients, 

Hematologic: Neutropenia/agranulocytosis has occurred (see WARNINGS). Anemia, thrombocytopenia, and 
pancytopenia have been reported. 

Dermatologic: Rash, (usually maculopapular, rarely urticarial), often with pruritus, and sometimes with fever 
and easinophilia, in about 4 to 7 of 100 patients (depending en renal status and dose), usually during the 1st 4 
weeks of therapy. Pruritus, without rash, inabout 2 of 100 patients. A reversible associated pemphigoid-like lesion, 
and photosensitivity, have also been reported. Flushing or pailor in 2 to 5 of 1000 patients, 

Cardiovascular; Hypotension may occur, see WARNINGS and PRECAUTIONS [Drug interactions} for discus- 
sion ef hypotension with captopril therapy. Tachycardia, chest pain, and palpitations each in about 1 of 100 pa 
tenta, Angina pectoris, myocardial infarction, Raynaud's syndrome, and congestive heart failure each in 2 to 3 

1080 patients. 

Dyageusia: Approximately 2 to 4 (depending on renal status and dose) of 100 patients developed a diminution 
or loss of hs perception: taste impairment is reversible and usually self-limited even with continued drug use (2 
to 3 months}. 

Argioadema: Angioedema involving the extremities, face, tips, mucous membranes, tongue, glottis or larynx 
has been reported in approximately one in 1000 patients. Angioedema involving the upper airways has caused 
fatal airway obstruction. (See WARNINGS.) 

Cough: Cough has been reported in 0.5-2% of patients treated with captopril in clinical trials, 

The following have been reported in about 0.5 to 2 percent of patients but did not appear at increased fre- 
quency compared to placebo orother treatments used in controlled trials: gastric irritation, abdominal pain, nau- 
sea, vomiting, diarrhea, anorexia, constipation, aphthous ulcers, peptic ulcer, dizziness, headache, malaise, 
fatigue, insomnia, dry mouth, dyspnea, cough, alopecia, passsthesias. 

clinical adverse effects reported since the drug was marketed are listed below by body system. In this 
setting, an incidence or causal relationship cannot be accurately determined, 


General: Asthenia, gynecomastia. 

Cardiovascular; Cardiac arrest, cerebrovascular accident/nsufficiency, rhythm disturbances, orthostatic hypo- 

tension, syncope. 

Dermatologic: Bullous pemphigus. erythema multiforme (including Stevens-Johnson syndrome), exfoliative der- 

matitis. 

Gastrointestinal: Pancreatitis, glossitis, dyspepsia. 

Hematologic: Anemia, including aplastic and hemolytic. 

Hepatobiliary: Jaundice, hepatitis, including rare cases of necrosis, cholestasis. 

Metabolic: Symptomatic hyponatremia. 

Musculoskeletal: Myaigia, myasthenia. 

Nervous/Psychiatric: Ataxia, confusion, depression, nervousness, somnolence. 

Respiratory: Bronchospasm, eosinophilic pneumonitis, rhinitis. 

Special Senses: Blurred vision. 

Urogenital: impotence. 

48 with other ACE inhibitors, a syndrome has been reported which may include: fever, myalgia, arthraigia, 
interstitial nephritis, vasculitis, rash or other dermatologic manifestations, eosinophilia and an elevated ESR. 

Fetal/Neonatal Morbidity and Mortality: in infants exposed in utero to ACE inhibitors the following adverse ex- 
pariences have been reported: fetal and neonatal death, renal failure, hypoplastic jung development, hypoten- 
sion, hyperkalemia, skull hypoplasia, imb contractures, craniofacial deformities, intrauterine growth retardation, 
prematurity and patent ductus arteriosus (see WARNINGS, Fetal/Neonatal Morbidity and Mortality). 


Altered Laboratory Findings: Serum Electrolytes: ja: smali increases in serum potassium, especially 
in patients with renal impairment (sae PRECAUTIONS). 

Hyponatremia: particularly in patients receiving a low sodium diet or concomitant diuretics, 

AUN/Serum Creatinine: Transient elevations of BUN or serum creatinine especially in volume or salt depleted 
patients or those with renovascular hypertension may occur. Rapid reduction of longstanding or markedly ele- 
vaied blood pressure can result in decreases in the glomerular filtration rate and, in turn, lead to increases in BUN 
orserum creatinine. 

‘Hematologic: A positive ANA has been reported. 

‘Liver Function Tests; Elevations of liver transaminases, alkaline phosphatase, and serum bilirubin have occurred. 


OVERDOSAGE: Primary concern is correction of hypotension. Volume expansion with an I.V. infusion of normal 
saine is the treatment of choice for restoration of blood pressure. 

‘While captopril may be removed from the adult circulation by hemodialysis, there is inadequate data concerning 
the effectiveness of hemodialysis for removing it from the circulation of neonates or children. Peritoneal dialysis 
isnot effective for removing captopril; there is no informatien concerning exchange transfusion for removing cap- 
tepril from the general circulation. A 


DOSAGE AND ADMINISTRATION: CAPOTEN (captopril) should be taken one hour before meals. in hyperten- 
sion, CAPOTEN may be dosed bid ortid. Dosage must be individualized; see DOSAGE AND ADMINISTRATION 
section of package insert for detailed information regarding dosage in. hypertension and in heart failure. Because 
CAPOTEN {captopril) is excreted primarily by the kidneys, dosage adjustments are recommendad for patients 
with impaired renal function. 

Consult package insert before prescribing CAPOTEN (captopril). 


HOW SUPPLIED: Available in tablets of: 12.5 mg in-bottlas of 100 and 1000; 25 mq in botties of 100 and 1000; 
59 mg in bottles of 100 and 1000; 100 mg in bottles of 100; and in UNIMATIC* unit-dose packs of 100 tablets. 


(3-658) 


References: 1. The Captopril-Digoxin Multicenter Research Group: Comparative effects of therapy with captopril 
and digeadn in patients with mild to moderate heart failure. JAMA 259:539-344, 1988. 2. Captopril Multicenter 
Research Group: A placebo«ontrolled trial of captopril in refractory chronic congestive heart failure. ACC 
2758-763, 1983. 
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No two are exactly alike. 


Because body chemistry You’ve heard it said that no two 


differs from person to 
person, we often need 
a choice of drugs to 
treat the same illness, 


snowflakes are exactly alike. 
The variety is endless. Much 
the same is true of the human 
body. 

Take the case of two patients 
suffering from hypertension. 
Both under the care of the same 
physician, who prescribes the 
same medication for each. One 
patient responds to the medi- 
cation while the other reports 
unpleasant side-effects. Thanks 
to the diversity of drugs avail- 
able to treat this illness, the doc- 
tor is able to prescribe another 
medicine that works without 
the side effects. 

To maintain the high standards 
of quality care, and because 
some drugs work better than 


others on different people, it is 
essential to have this diversity. 


America’s research-based phar- 
maceutical companies are com- 
mitted to providing a wide 
range of drugs of the highest 
quality to serve the public. 
Why? Because the public is 
made up of different people 
requiring different treatment- 
even when they suffer from the 
same illness. 
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a device a daloigeanéats were observed. ‘Follow-up relies were ‘good. Based 
on these data, it is concluded that transcatheter closure with the buttoned © 
device is safe and effective, and further clinical trials with this device are 
warranted. 


MISCELLANEOUS 
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Reversal of Endothelin-1-Induced Vasoconstriction by 
Nifedipine in Human Resistance Vessels in Vivo in Healthy 
Subjects 

Wolfgang Kiowski and Lilly Linder 


Brachial artery infusions of endothelin-1 in 10 healthy volunteers in- 
creased forearm blood flow during the first minute and decreased forearm 
blood flow during the third minute. Blockade of voltage-operated calcium 
channels by brachial artery infusions of nifedipine resulted in dose-depen- 
dent increases in forearm blood flow. Co-infusion of nifedipine and en- 
dothelin-1 completely abolished the vasoconstrictor effects of endothelin- 
1, and percent changes of forearm blood flow were similar to or greater 
than changes during nifedipine infusions. Luminally applied endothelin-1 
has a transient vasodilator and a marked vasoconstrictor effect in human 
resistance vessels in vivo. The vasoconstrictor effect is effectively counter- 
acted by blockade of voltage-operated calcium channels. 


1067 ian ea akeidan eae nea 
Left Ventricular Dimensions and Mass Using Magnetic 
Resonance Imaging in Female Endurance Athletes 

Maggie Riley-Hagan, Ronald M. Peshock, James Stray-Gundersen, Jose 
Katz, Timothy W. Ryschon, and Jere H. Mitchell : 


Magnetic resonance imaging, a 3-dimensional technique, was used to 
examine left ventricular (LV) mass, LV end-diastolic volume and mean 
wall thickness. Three groups of female endurance athletes were compared 
with sedentary controls, matched for height and body weight. The percent 
body fat mean and maximal oxygen uptake were similar (p >0.05) among 
all athletic groups, but significantly different from the control group. LV 
mass, LV end-diastolic volume and mean wall thickness were also similar 
among the athletic groups and significantly larger than control values: LV 
mass, LV end-diastolic volume and mean wall thickness. The LV 
mass/LV end-diastolic volume ratio was similar (p >0.05) among all 
groups. Our findings indicate that LV mass, LV end-diastolic volume and 
mean wall thickness are greater in endurance athletes than in sedentary 
controls and that the increase in LV mass is proportional to the increase in 
LV end-diastolic volume. 


Continued on page A39- 
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1075 a 
Diagnosis and Management (by Subxiphoid Pericardiotomy) of o 
Large Pericardial Effusions Causing Cardiac Tamponade >= 
Thomas C. Wall, Paul T. Campbell, Christopher M. O'Connor, Peter 
Van Trigt, Richard T. Kenney, Khalid H. Sheikh, Joseph A. Kisslo, ang 
G: Ralph Corey 





To determine the clinical features, course and outcome of patients with 
cardiac tamponade, 57 consecutive patients with new, large pericardial 
effusions were studied. This care series disclosed several unexpected find- _ 
ings. First, cardiac tamponade occurred in almost 50% of patients with 
new, large effusions. Second, collagen-vascular disease appeared tobe a 
more frequent cause of tamponade than previous studies suggested. Third, _ 
clinical evaluation resulted in few idiopathic etiologies. Finally, sub- _ 
xiphoid pericardiotomy was an effective procedure for diagnosis and ther- 
apy of patients with large pericardial effusions. 


METHODS 


1079 ee ee eee 
Comparison of Single and Biplane Ventriculography for 
Determination of Left Ventricular Volume and Ejection 
Fraction 

Walter C. Brogan, Ill, D. Brent Glamann, Richard A. Lange, and 

L. David Hillis 





This study was done to compare single and biplane left ventriciddjprapiey in 
quantitating left ventricular volumes and ejection fraction: The analysis 
was performed using ventriculograms from 152 patients, 102 of whom had 
segmental hypokinesia, akinesia or dyskinesia and 46 a depressed ejection 
fraction. There was excellent agreement between single and biplane ven- 
triculography in measuring left ventricular end-diastolic volume, end- 
systolic volume and ejection fraction, even in patients with depressed 
ejection fraction and segmental wall motion abnormalities. 


BRIEF REPORTS 


1083 -e 
Marked Benefit with Sustained-Release Niacin Therapy in 
Patients with “‘Isolated”’ Very Low Levels of High-Density 
Lipoprotein Cholesterol and Coronary Artery Disease 

Carl J. Lavie, Lois Mailander, and Richard V. Milani 


1086 -orr a a a econ eta 
Effect of Restenosis After an Earlier Angioplasty at Another 
Coronary Site on the Frequency of Restenosis After a 
Subsequent Coronary Angioplasty 

Peter B. Berger, Malcolm R. Bell, David R. Holmes, Jr., Lavon Hammes, 
Jon L. Kosanke, and Stuart J. Bresee 
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a Effect of Activity o on Circadian Variation in Time of f Onset of 
Acute Myocardial Infarction — 
John Zornosa, Martha Smith, and William Little 


1091 te ee ee ee 
Bronchocoronary Collateral Circulation in Patients with Three- 
Vessel Coronary Artery Disease and Normal Left Ventricular 
Function 

Simon Weber, Gérard Pasquier, Yves Martin-Bouyer, Marc Riquet, 
Philippe D'Athis, Lisa Naditch, and Francois Guerin 


1092 

Persistent Inappropriate Sinus Tachycardia After 
Radiofrequency Current Catheter Modification of the 
Atrioventricular Node 

Frederick A. Ehlert, Jeffrey J. Goldberger, Rodney Brooks, Scott Miller, 
and Alan H. Kadish 


1095 
Determinants of Impedance During Radiofrequency Catheter 
Ablation in Humans 

Mark Borganelli, Rafel.El-Atassi, Angel Leon, Steven J. Kalbflei sch. Hugh 
Calkins, Fred Morady, and Jonathan J. Langberg 


1098 
Detection of Atrial Tachyarrhythmias by Tat 
Pacing and Recording at Rest and During Exercise in Children 
with Ventricular Preexcitation 

Fabrizio Drago, Attilio Turchetta, Armando Calzolari, Paolo Guccione, 
Antonella Santilli, Emanuela Pompei, Pietro Ragonese, and 

Frank M. Galioto, Jr. 








1100 
Mono- Versus Double-Balloon Technique for Commissural 
Splitting After Percutaneous Mitral Valvotomy 

Antonio Fernández-Ortiz, Carlos Macaya, Fernando Alfonso, Rosana 
Hernández, Andrés Iñiguez, Javier Goicolea, Camino Bañuelos, and 

Pedro Zarco 





1102 
Role of Transesophageal Echocardiography in Diagnosis of 
Subaortic Aneurysm 

John Skoularigis, Ehud Deviri, Thomas Wisenbaugh, Rafique Essop, 
Shirley Middlemost, and Pinhas Sareli 





1104 
Menopause-Induced Changes in Doppler-Derived Parameters 
of Aortic Flow in Healthy Women i 
- Amos Pines, Enrique Z. Fisman, Yaacov Drory, Yoram Levo, Joseph 
Shemesh, Efraim Ben-Ari; and Daniel Ayalon Ta 
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Interrelation of Left Ventricular Ejection | 
- Fraction, Pulmonary Congestion and Outcome i in 
Acute Myocardial Infarction | 


Shmuel Gottlieb, MD, Arthur J. Moss, MD, Michael McDermott, PhD, and Shirley Eberly, MS 





The interrelation of different grades of pulmonary 
congestion evaluated by chest roentgenogram in 
the coronary care unit, predischarge left ventricu- 
lar (LV) ejection fraction (EF) and long-term prog- 
nosis was studied in 1,850 surviving patients of 
acute myocardial infarction (AMI). Pulmonary con- 
gestion was categorized as: none, mild or moder- 
ate, or severe; LVEF was classified as: 240%, 25 
to 39%, or <25%. The majority of patients 
(1,060; 57%) had an LVEF 240% and no signs of 
pulmonary congestion. Severe pulmonary conges- 
tion was noted in 63 patients (3.4%), 17 with 
LVEF <25% and 16 with LVEF 240%. One hun- 
dred twenty-five patients (6.8%) had an LVEF 
` <25%, 49 of whom had no signs of pulmonary 

- congestion. During a mean 2-year follow-up, car- 

_ diac mortality occurred in 212 patients (11.5%). 
~The cardiac mortality rate was related to both pre- 
discharge LVEF impairment and severity of pul- 
monary congestion. Cardiac mortality hazard ra- 
tios (95% confidence intervals [Ci]) for LVEF 
<25%, and 25 to 39% were 5.32 (CI 3.49, 8.13; 
p <0.0001) and 2.91 (CI 2.10, 4.02; p <0.0001), 
respectively, where a referent hazard ratio of 1 
“was assigned to patients with LVEF 240% and to 
those with no pulmonary congestion. Development 
, of pulmonary congestion. during AMI significantly 
-increased the cardiac mortality risk derived from 
LVEF, with a marked mortality effect in patients 
with severe pulmonary congestion; (hazard ratio 
4.20; 95% Cl 2.67, 6.62; p <0.0001). These find- 
ings emphasize the independent prognostic role of 
pulmonary congestion and highlight the interac- 
tive mechanisms (systolic and diastolic dysfunc- 
Hons) responsible for unfavorable outcome in sur- 
viving AMI patients. 

(Am J Cardiol 1992;69:977-984) 
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function is the major determinant of outcome in 

patients who survived an acute myocardial in- 
farction (AMI)! and that cardiac mortality during the 
first year after AMI increases progressively as LV ejec- 
tion fraction (EF) decreases to <40%. 12 Other studies 
showed that in patients recovering from AMI, pulmo- 
nary congestion during hospitalization is an important 
independent predictor of short- +7 and long-term! 36-1 
prognoses. A few studies reported. on the interrelation 
between pulmonary congestion during the acute’ phase 
of AMI and predischarge LVEF, and their prognostic 
significance,'*!! including patients with pulmonary ede- 
ma and good LV function.'? However, the interrelation 
and prognostic significance of these 2 different LV dys- 
function parameters have not been evaluated in a large, 
well-defined patient. population and have not been ex- 
amined at different grades of pulmonary congestion and . 
LVEF. This study assesses the interrelation of different 
grades of pulmonary congestion evaluated by chest 
roentgenogram in the coronary care unit, predischarge 
radionuclide LVEF, and the prognostic significance in a 
large number of surviving AMI patients. The study in- 
volves a retrospective analysis of data from 2. prospec- 
tive multicenter populations obtained from university 
and community hospitals, with a broad geographic rep- 
resentation. 


METHODS 

Study population: The study population comprised 
1,850 surviving AMI patients; 790 were from the Mul- 
ticenter Post-Infarction Program (MPIP; n = 867), 
and 1,060 were placebo-assigned patients from the 
Multicenter Diltiazem Post-Infarction Trial (MDPIT; 
n=] 234) who had undergone both chest roentgeno- 
gram in the coronary care unit and predischarge LVEF. 
The original MPIP patients were enrolled between Jan- 
uary 1, 1979 and December 31, 1980, whereas the 
MDPIT patients were enrolled between February 17, 
1983 and June 30, 1986. Average follow-up duration 
was approximately 2 years in both studies. Only 86 pa- 
tients (4.6%) received thrombolytic therapy. A. detailed 
description of the design, organization, patient recruit- 
ment, data acquisition, data management and follow-up 


P revious studies showed that left ventricular (LV) 


` of these 2 studies was previously reported,!.!3 
ventricular function 


Lett variables: Two variables 
measuring LV function were included in this study. The 
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| TABLE 1 Population Characteristics 





MPIP "MDPIT 




















Combined i 
(à =. 1850) (n = 790) (n= 1060). p Value* 
Years.of study 1979-1987 1979-1981 1983-1987 
Mean age (yr) 58 + 10 57 £9 58 £10... 
Age = 60 877 (47%) 344 (43%) §53.(50%) 0.004. 
Men/women (% men) 1,451/399 (78%) 617/173 (78%) 834/226 (79%) : 
Treatment for hyperten- 692 (37%) 294 (37%) 398 (38%) 
sion 
History of myocardial in- 404 (22%) 183 (23%) 221 (21%) 
farction 
New York Heart Associa- 480 (26%) 294 (37%) 186 (18%) < 0.0001 
tiont 
Blood urea nitrogen > 35 141 (8%) 60 (8%) 81 (8%) 
mg% 
> bibasilar pulmonary 189 (10%) 113 (14%) 76 (7%) <0.0001 
rales 
Pulmonary congestiont 
None 1,399 (76%) 568 (72%) 831 (79%) 
Mild 310 (17%) 146.(18%) 164 (15%) <0,002§ 
Moderate 78 (4%) 37 (5%) 41 (4%) 
Severe 63 (3%) 39 (5%) 24 (2%) 
Radionuclide ejection 
fraction 
Mean 46414 46+ 15 47 +14 
2 40% 1,266 (68%) 524 (66%) 742 (70%) 
25-39% 459 (25%) 216 (27%) 243 (23%) 0.09} 
<25% 125 (7%) 50 (6%) 75 (7%) 
Ventricular ectopic beats 306 (18%) 147 (20%) 159 (17%) 
= 10/hr 
p blockers at discharge 821 (44%) 256 (32%) 565 (53%) <0,0001 
Average follow-up (mos) 24 22 25 
Event rates 
1-year cardiac mortality 129 (7%) 58 (7%) 71 (7%) 
rate 
Cardiac mortality rate 212 (11%) 107 (14%) 105 (10%) 0.015 
Tota! mortality rate 275 (15%) 131 (17%) 144 (14%) 









*MPIP vs MDPIT, 
$Confirmed by chest roentgenogram. 





tNew York Heart Association functional. classification 1 month before entry. 


SAmong 4 grades of pulmonary congestion; lamong 3 levels of teft ventricular ejection fraction. 
MDPIT = Multicenter Diltiazem Post-infarction Triak(placebo arm); MPIP = Multicenter Post-Infarction Research Group, 

















definitions of these variables were predetermined and 
specified in a manual of operations, and were the same 
in both MPIP and MDPIT. 

= |. Radionuclide LVEF was obtained 5 to 25 days 
„(mean 13 + 7 [MPIP] and 8 + 4 [MDPIT]) after the 
-index AMI at the respective enrolling institutions using 
either gated (MUGA) or first-pass techniques. Core 


laboratory analysis was not performed. A 3-level vari- 
= able was used for LVEF: 240%, 25 to 39% or <25%. 
The cutoff point of LVEF <40% was chosen on the ba- 


sis of previous studies. 1213 
2. The most severe pulmonary congestion on chest 
_roentgenograms obtained in the coronary care unit were 
interpreted by staff radiologists at each participating 
hospital and coded on the official written report accord- 
ing toa 4-grade severity scale: none, mild (venous con- 
gestion), moderate (interstitial congestion) or severe 
(pulmonary edema). Core laboratory analysis was not 
-performed. l 
‘Therapy and end point: Therapy was not controlled 
and was managed. by the patient’s. personal physician. 
The end point of interest in this study was cardiac mor- 
tality during a mean follow-up of 24 months. A 4-mem- 
ber mortality subcommittee (the same physicians for 
MPIP and MDPIT) reviewed: independently the infor- 


mation on the causes and circumstances surrounding 
each death occurring on or before December 31, 1981 
for MPIP, and June 30, 1987 for MDPIT. Data regard- 
ing each death was obtained by the study coordinators 
from relatives, witnesses, death certificates, attending 
physicians, hospital records and autopsy reports. Each 
mortality event was categorized as either cardiac or 
noncardiac according to written criteria. 

Statistical methods: The baseline characteristics of 
MPIP and MDPIT patients included in the study. were 
compared using (where appropriate) either a chi-square 
or 2-sample ¢ test. Results of continuous variables are 
reported. as mean + 1 SD. A 2-sided p value <0.05 was 
considered statistically significant. 

The primary analyses were performed using. the 
Cox proportional hazards regression model!* (BMDP- 
2L computer program)"; the participating hospitals 
were entered as stratification factors, and variables rep- 
resenting various grades of pulmonary congestion and 
LVEF were included in the model as main effects. A-3- 
grade variable was used for pulmonary congestion 
(none, mild. or moderate, or severe). and. for LVEF 
(240%, 25 to 39% or <25%). Comparisons of patients 
with a particular grade of either pulmonary congestion 
or LVEF to the corresponding referent category are re- 
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_ ported in terms of the hazard ratio. The referent groups 
were chosen to be patients with no pulmonary conges- 
— tion and those with LVEF 240% (hazard ratio 1). A 
` test for interaction between pulmonary congestion and 
a LVEF for cardiac mortality was also performed. The 
aforementioned Cox model was fitted both with and 
- without 9 blockers as a main effect, where 6-blocker use 
was determined at the time of discharge from the hos- 
pital 
= “Because the data are a composite of 2 different stud- 
ies (MPIP and MDPIT), and because in general MPIP 
patients had more severe cardiac disease than did 
MDPIT ones, we checked whether the results were con- 
sistent across both studies, and whether the study itself 
did not independently contribute to the risk of a patient. 
A dichotomized “study” variable indicating whether the 
patient participated in the MPIP study was included as 
a main effect in the Cox model, together with main ef- 
fect terms for pulmonary congestion and LVEF. Terms 
of interaction between these variables and the “study” 
. variable were also included in. the Cox model, and were 
tested for their significance. Another approach to an- 
‘swering this question was by fitting the Cox model sepa- 
rately for the MPIP and MDPIT studies. 

Cumulative cardiac mortality rates over time were 
described using the method of Kaplan and Meier,'® and 
differences between the mortality curves were assessed 
by the log-rank test!” using the BMDP-1L computer 
program.'® For each of the 3 levels of LVEF, a set of 3 
curves was constructed according to the 3 grades of pul- 
- monary congestion. The reported analyses involved the 
analytic data bases released February 14, 1985 for 
;  MPIP, and April 16, 1988 for MDPIT. 


i RESULTS 

Comparability of study populations: The baseline 
characteristics and outcome events of the combined 
study population (n = 1,850), and separately for MPIP 
(n = 790) and MDPIT (n =.1,060) are presented in Ta- 
-. ble I. The 2 populations were similar in terms of history 
of hypertension, blood urea nitrogen >35 mg%, LVEF 
and frequency of ventricular ectopic beats on Holter re- 
_ cording. The patients in MPIP had more severe cardiac 
-disease than did those in MDPIT, as evidenced by the 
-higher NYHA class and greater prevalence of pulmo- 
nary congestion. Beta-blocker use at discharge from the 
hospital was higher in MDPIT than MPIP patients. 
The frequency of AMI type and location could not be 
compared, because the 2 studies used different electro- 
cardiographic coding procedures (Minnesota code!? in 

MPIP, and Manhattan code% in MDPIT). 
Relation between pulmonary congestion and left 
ventricular ejection fraction: The frequency distribution 
- and the relation between pulmonary congestion on chest 
-roentgenogram during the coronary care unit phase and 
-_predischarge LVEF among 1,850 patients who survived 
- AMI are shown in Figure 1 and Table II. Most patients 
- (1,060; 57%) had an LVEF 240% and no pulmonary 
_~ congestion. However, only 17 patients (1%) had an 
© LVEF <25% and severe pulmonary congestion. In gen- 
_ eral, the more severe the pulmonary congestion grade, 
"the lower the LVEF (Figure 1) (F = 69.98, p <0.001 



















TABLE Il. Frequency Distribution and Cardiac Mortality Rates ae 
by Pulmonary Congestion and Left Ventricular Ejection Fraction . 





Left Ventricular Ejection Fraction 
Pulmonary i 











Congestion 240% 25-39% <25% Total 
None 55/1,060 47/290 14/49 116/1,399 | 
(5.2%) (16.2%) (28.6%) (8.3%) 
Mild 16/159 19/112 12/39 47/310 
(10.0%) (17.0%) (30.8%) (15.2%) 
Moderate 4/31 7/27 8/20 19/78 
(12.9%) (25.9%) (40%) (24.4%) 
Severe 7/16 15/30 8/17 30/63 
(43.8%) (50%) (47.1%) (47.6%) 
Total 82/1,266 88/459 42/125 212/1,850 
(6.5%) (19.2%) (33.6%) (11.5%) 
Numerator is number of cardiac deaths during follow-up, denominator is number of 
patients, and cardiac mortality rate is in parentheses. 


[analysis of variance]). However, a considerable. dis- 
crepancy between pulmonary congestion and LVEF ex- 
ists, with an overlap in the LVEF values for all grades 
of pulmonary congestion. Noteworthy are the 16 and 31 
patients who demonstrated severe and moderate pulmo- 
nary congestion, respectively, during the acute phase of 
AMI, but had a predischarge LVEF 240%, and fur- 
thermore, the 49 patients with LVEF <25% who had 
no pulmonary congestion. 


N=1399 
LVEF =49 £13% 








zories, 1 case. Mean £ 1 SD of left ventricular ection trac- 
tion is reported in each group. 
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Cardiac mortality: During follow-up. cardia mor- 
ae occurred in 212 patients (11.5%), and almost half 
~ of the mortality events (46%) occurred during the first 6 
- months after AMI. The cardiac mortality rate was re- 
- lated to both degree of LVEF impairment and severity 
of pulmonary congestion (Table II and Figure 2,.A and 
B); the lower the LVEF, the higher the cardiac mortali- 









N = 1850 
MEAN LVEF = 46% 
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: FIGURE 2. Cardiac mortality rate at 4 levels of predischarge 
: ‘left ventricular ejection fraction (LVEF) (<25%, 25 to 39%, 
-<40 to 50% and >$0%) (A) and at 4 grades of pulmonary con- 
gestion (no, mild, moderate and severe) (B). Correlation coeffi- 
- cients for best fitted curves for left ventricular ejection fraction 
and pulmonary congestion were: r = 0.975 (p <0.0001) and 
0.998 (p <0.0001), respectively.. 
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y rité, witha progressive increase in mortality asthe- 
LVEF decreased to <40% (Figure 2A). A progressive 
increase in cardiac mortality rate was also related to 
increasing severity of pulmonary congestion (Figure 2B 
and ‘Table II). Noteworthy is the similar graded. in- 
crease in cardiac mortality rate as a function of pulmo- 
nary congestion severity or LVEF impairment. The 
cardiac mortality rate in the different. subgroups cate- 
gorized by both LVEF and pulmonary congestion. is 
shown in Table II and Figure 3. At each level of LVEF, 
increasing severity of pulmonary congestion progressive- 
ly augmented the cardiac mortality rate, with a marked 
effect in patients with severe pulmonary congestion. The 
lowest cardiac mortality rate was observed in patients 
with LVEF 240% without any signs of pulmonary con- 
gestion (5.2%). The highest mortality rate (44 to 50%) 
was observed in patients with severe pulmonary conges- 
tion, where the level of LVEF had only a small influ- 
ence on cardiac mortality, possibly owing to the small 
number of patients (n= 17) with severe pulmonary 
congestion and LVEF <25% who survived AMI and 
were discharged from the hospital: 

Survival analyses: In the survival analyses, the main 
effects of pulmonary congestion and. LVEF were includ- 
ed in a Cox model, using 3 impairment levels for LVEF 
(240%, 25 to 39% and <25%), and 3 severity: grada- 
tions for pulmonary congestion (none, mild: or moder- 
ate, and severe). A gradation in hazard ratio. was found 
as pulmonary congestion or LVEF impairment in- 
creased (Table IIT). For example, the hazard ratio for a 
patient with severe pulmonary congestion and an LVEF 
of 25 to 40% was 12.22 (2.91 X 4.20), relative to one 
with an LVEF 240% and no pulmonary congestion. In- 
clusion of 6-blocker use (a noncontrolled study medica- 
tion) at discharge from the hospital. in. this: model. did 
not significantly change the hazard ratios for pulmo- 
nary congestion and LVEF. Beta blockers had a benefi- 
cial effect and decreased the hazard ratio by a factor of 
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FIGURE 3. Cardiac mortality rate at 3 levels of | 


lett vanita section action (22596 25 ws 30% coal 
2.40%) and at 4 grades of pulmonary congestion (no, mild, 
moderate and severe). Each point a 


. represents mortality rate , 
and mean left ventricular ejection fraction in that combined: 


category. 
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0.7 (95% confidence interval 0.50, 0.99; p <0.04) at the 
_ various grades of pulmonary congestion and LVEF. 
ae ‘There was a borderline but not significant (p = 0.07) 
_ interaction between pulmonary congestion and LVEF in 
the Cox model. This borderline interaction is also sug- 
gested by Figure 3, showing parallel trends for none, 
_- mild and moderate grades of pulmonary congestion at 
ll levels of LVEF, but a departure from this trend for 
hose with severe pulmonary congestion. The Cox model 
or this interaction revealed a similar trend in pulmo- 
nary congestion and LVEF hazard ratios, as with the 
_- todel without interaction, with a marked effect in pa- 
. tients with severe pulmonary congestion. 
The inclusion of the “study” variable (MPIP vs 
MDPIT) in the Cox model (either as a main effect or 
“interaction term with pulmonary congestion and LVEF) 
did not significantly alter the models (p <0.4). Further- 
"more, separate Cox models for both MPIP and MDPIT 
revealed similar cardiac mortality hazard ratios to that 
of the combined population. This supports our assump- 
_ tion that the effects of pulmonary congestion and LVEF 
on cardiac mortality are. consistent across both studies 
and provides justification for combining the data. 















| TABLE HE Cardiac Mortality Hazard Ratios (Cox model) for 
Pulmonary Congestion and Left Ventricular Ejection Fraction 













Hazard 


Predictor Variable Ratio 95% Cl p Value 


Pulmonary congestion 
None 











‘Mild or moderate (1,02, 2.00) <0,04 
in Severe 4.20 (2.67, 6.62) <0.0001 
| Ejection fraction 

40% 1.00 

125-39% 2.91 (2.10, 4.02) <0.0001 

<25% 5.32 (3.49, 8.13) <0.0001 





CI = confidence interval. 
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The Kaplan-Meier cumulative cardiac mortality 
curves for the 3 pulmonary congestion grades (none, 
mild or moderate, and severe) at each of the 3 grades of 
LVEF (240%, 25 to 39% and <25%).are shown in Fig- 
ure 4. A significant effect (p <0.0001) of the severity of 
pulmonary congestion on the mortality curves was noted 
for LVEF of 240% and 25 to 39%, mainly owing to the 
high-risk group with severe pulmonary congestion. The 
same pattern for the mortality curves was noted in pa- 
tients with LVEF <25% (mainly in those with severe 
pulmonary congestion). However, the differences be- 
tween. the mortality curves did not reach statistical: sig- 
nificance, perhaps. because of the small number of cases 
in each category of pulmonary congestion. It is also 
clear from the curves that LVEF has an effect, because 
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the curves in general are shifted up as LVEF decreases. 

` Most events in patients with very low LVEF (<25%) or 
with severe pulmonary congestion occurred early curing 
the first 6 months, as can be noted from the steepness of 
the mortality curve slopes. However, in patients with 
LVEF 240% and without pulmonary congestion, only 
25% of the events occurred during the first 6 months 
after AMI. 


DISCUSSION 

This study describes a broad aspect of the interrela- 
tion and prognostic significance of acute phase palmo- 
nary congestion severity developed in the coronary care 
unit, and predischarge LVEF impairment in a large, 
representative population after AMI. Each of these 2 
variables measuring LV function was obtained at differ- 
ent phases during AMI and has independent prognostic 
significance for cardiac mortality during an average 2- 
year follow-up. The principal finding of this study is 
that development of pulmonary congestion augments 
the cardiac mortality risk derived from LVEF at alll lev- 
els. This finding was more marked in patients with se- 
vere pulmonary congestion. 

Relation between left ventricular ejection fraction 
and pulmonary congestion: Most patients (57%) had an 
LVEF 240% and no pulmonary congestion. In the re- 
maining population, patients with more severe pulmo- 
nary congestion generally had a lower mean LVEF. 
However, there was large variability of the LVEF dis- 
tribution at the different grades of pulmonary conges- 
tion (Figure 1). This discrepancy between pulmonary 
congestion and LVEF is further substantiated by the 
Cox model that shows that each of these variables is an 
independent prognostic predictor. 

A few previous studies compared the interrelation 
between pulmonary congestion and LVEF in patients 
`. recovering from AMI. These studies also showed a dis- 
crepancy between these 2 variables in some subsets of 
patients. !™!2? Warnowicz et al!? found similar mortality 
> and rehospitalization rates for ischemic events among 
39 patients who developed pulmonary edema during the 
acute. phase of AMI regardless of whether the LVEF 
was > or <45%. Nicod et al!! observed that 11% of 
patients after AMI with LVEF 240% had pulmonary 
congestion, and 19% with LVEF <40% did not. They 
also noted that the presence of pulmonary congestion 
increased the 1-year cardiac mortality rate derived from 
LVEF. Our study (which includes twice the number of 
patients) confirms these findings for 3 levels of LVEF 
and for 3 grades of pulmonary congestion (Tables II 
and HI), with further substantiation in patients with 
low (25 to 39%) and very low (<25%) LVEF. 

A progressive increase in cardiac mortality as LVEF 
decreases to <40% was found in this and previous stud- 
ies. 2 Of interest is the similar graded increase in cardi- 
ac mortality rate as a function of the severity of pulmo- 
nary congestion (Table H and Figure 2, A and B). Gra- 
dation in cardiac mortality associated: with pulmonary 
congestion was observed also by Battler et alô in 273 
patients. 
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Diastolic dyenctions The e independant cexitetbution 
of pulmonary congestion to cardiac mortality can be 
partially explained by diastolic dysfunction. Transient 
diastolic dysfunction can have an important role in the 
development of flash pulmonary edema in patients with 
ischemic heart disease.?! However, well-maintained dia- 
stolic compliance has been observed in some patients 
with low LVEF and absence of pulmonary congestion.” 
In some patients, marked pulmonary congestion (more 
than bibasilar rales) during the acute phase of AMI 
may represent transient ischemia.?!°!2 Myocardial 
ischemia is associated with abnormal ventricular relaxa- 
tion? and impaired distensibility.4 

Hypertension can cause diastolic dysfunction even in 
the presence of preserved LVEF?*-2’ by increasing sys- 
tolic stress and afterload, and. slowing relaxation, even 
before development of substantial hypertrophy. Of note, 
in the current study, history of treated hypertension be- 
fore the index AMI was observed in 47% of patients 
with pulmonary congestion compared with 35% without 
pulmonary congestion, Advanced myocardial hypertro- 
phy is also associated with impaired diastolic relaxa- 
tion. 

Thus, LV dysfunction at the onset of AMI is the 
sum of contributions from prior AMI, history of hyper- 
tension with or without LV hypertrophy, and current 
irreversible damage and reversible ischemia. Each of 
these factors participates in creating the clinical presen- 
tation during the acute phase of the AMI. Over time, 
the reversible component can be relieved, and LV dys- 
function may become less severe. 

Other possible explanations for the discrepancy be- 
tween pulmonary congestion and preserved LVEF in- 
elude mitral regurgitation,” errors in quantitation of 
LVEF” or in interpretation of chest roentgenogram, 
and noncardiac causes of pulmonary edema.*! We have 
no data to evaluate the frequency of occurrence of these 
possible causes. 

Multivariate survivorship analyses: The aim of this 
study was to explore the interrelation and prognostic 
significance of pulmonary congestion during the acute 
phase of AMI and predischarge LVEF in a large study 
population, and not to risk-stratify patients recovering 
from AMI. Therefore, other pertinent variables were 
not included in the analysis, and the reported hazard 
ratios are not adjusted for those variables. The hard end 
point in the present study was cardiac mortality during 
a mean 2-year follow-up. Pulmonary congestion and 
LVEF each made an independent prognostic contribu- 
tion to the risk of cardiac mortality. The Cox model did 
not include terms of interaction between pulmonary 
congestion and LVEF, because the significance of their 
interaction was borderline (p = 0.07), However, a mod- 
el with interaction was tested, which revealed similar 
findings, with a marked effect in patients with severe 
pulmonary congestion.. 

Of interest is the finding that the use of 8 blockers at 
discharge from the hospital had a beneficial effect on 
cardiac. mortality (hazard ratio 0.7) similar to that ob- 
served in previous 6-blocker trials.>* Our study was not 








a B-blocker trial, and therapy with them was managed 
by the patient’s personal physician; thus, the results 
‘should be interpreted with caution. 

Study limitations: There are several limitations to 
this retrospective analysis of the clinical data from 2 
designed prospective multicenter studies (MPIP, prog- 
nostic study; and MDPIT, placebo arm of drug study) 
performed at 2 different time periods during the last 
decade (MPIP, 1979 to 1981; and MDPIT, 1983 to 
1987). However, the organizational aspects of the 2 
studies, follow-up, cardiac mortality definitions and 
mortality subcommittees were similar. All participating 
hospitals in MPIP were part of MDPIT. Although 
there were some imbalances between the 2 study popu- 
lations regarding the common clinical baseline vari- 
ables, the “study” variable (MPIP vs MDPIT) did not 
have a significant contribution to the Cox model. Fur- 
thermore, separate Cox models for MPIP and MDPIT 

‘revealed similar hazard ratios for pulmonary congestion 
and LVEF in both studies, thus confirming the validity 
of combining the 2 studies in a common analysis. 

Therapy with vasodilators, digoxin, diuretics, antian- 
ginal or coronary bypass was not included in the analy- 
sis, and confounding effects cannot be excluded. 

We do not have information on cardiac output or 
pulmonary capillary wedge pressures during the acute 
phase of AMI. Echocardiographic evaluation of LV hy- 
pertrophy and mass, Doppler mitral valve flow velocity 
and radionuclide angiographic determination of filling 
rates that may confirm diastolic dysfunction were not 
available in this study. Furthermore, data regarding 
ischemic events during follow-up, or infarct type or lo- 
< cation by electrocardiographic coding were not included 
in the analyses, because they were not similarly deter- 
mined in the MPIP and MDPIT studies. 

Pulmonary congestion and LVEF were interpreted 
at each of the participating hospitals and not in a core 
laboratory. It is possible that the discrepancy between 
pulmonary congestion and LVEF (Figure 1) can be 
partly explained by the lack of central analysis. How- 
ever, in the analysis, the participating hospitals were en- 
tered as a stratification factor in the Cox model, thus 
controlling for any center bias. 

In the present study, very few patients (4.6%) re- 
ceived thrombolytic therapy. Currently, 20% of AMI 
patients undergo thrombolytic therapy,” and patency of 
the open infarct-related artery is <75%.34 However, 
the findings from the current study should also be appli- 

cable in patients who undergo thrombolytic therapy, 
“because acute-phase pulmonary congestion and predis- 
charge LVEF represent transient and cumulative dam- 
age, respectively, to the myocardium. Thus, predis- 
charge LVEF should reflect global cardiac function, 
< and the prognostic implication of a low LVEF should 
still be valid.” 

~ Clinical implication: Development of pulmonary con- 
gestion in the coronary care unit during the acute phase 
-of AMI significantly increases the cardiac mortality risk 

derived from predischarge LVEF, with a marked mor- 
< tality effect in patients with severe pulmonary conges- 











tion. Because pulmonary congestion in the presence of 
preserved LV function may be a good clinical index of 
diastolic function, with LVEF correlating with systolic 
performance, these findings fit well with the hypothesis 
that 2 independent measures of overall cardiac perfor- 
mance obtained at different times during the course of 
AMI may be more useful and meaningful than 1 index 
to identify high- and low-risk patients recovering. from 
AMI. These findings highlight the interactive mecha- 
nisms (systolic and diastolic dysfunctions) responsible 
for unfavorable outcome in patients after AMI. Further 
studies are needed to better understand the diastolic 


dysfunction mechanism and reversibility in the setting 
of AMI. 
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BRIEF SUMMARY 


CARDIZEM® CD (diltiazem hydrochloride) Capsules 

CARDIZEM® SR (diltiazem hydrochloride) Sustained Release Capsules 
CONTRAINDICATIONS 

CARDIZEM is contraindicated in (1) patients with sick sinus syndrome except in the presence of a functioning ventricular pacemaker, (2) patients with 
second- or third-degree AV block except in the presence of a functioning ventricular pacemaker, (3) patients with hypotension (less than 90 mm Hg 
systolic), (4) patients who have demonstrated hypersensitivity to the drug, and (5) patients with acute myocardial infarction and pulmonary 
congestion documented by X-ray on admission. 

WARNINGS 

1, Cardiac Conduction. CARDIZEM prolongs AV node refractory oeriods without significantly prolonging sinus node recovery time, except in patients 
with sick sinus syndrome. This effect may rarely result in abnormally slow heart rates (particulerty in patients with sick sinus syndrome) or second- or 
third-degree AV block (13 of 3,007 patients or 0.43%). Concomitant use of diltiazem with beta-blockers or digitalis may result in edditve effects on 
cardiac conduction. A patient with Prinzmetal’s angina developed periods of asystole (2 to 5 seconds) after a single dase of 60 mg c diltiazem 

2. Congestive Heart Failure. Although diltiazem has a negative inotropic effect in isolated animal tissue preparations, hemodynamic studies in humans 
with normal ventricular function have not shown a reduction in cardiac index nor consistent negative effects on contractility (dp/dt). An acute study of 
oral diltiazem in patients with impaired ventricular function (ejection fraction 24% + 6%) snowed improvement in indices of ventricular function 
without significant decrease in contractile function (dp/dt), Worsening of congestive heart failure has been reponed in patients with preexisting 
impairment of ventricular function. Experience with the use of CARDIZEM in combination with beta-blockers in patients with impaired ventricular 
function is limited. Caution should be exercised when using this combination. 

3. Hypotension. Decreases in blood pressure associated witn CARDIZEM therapy may occasionally result in symptomatic hypotension 

4. Acute Hepatic Injury. Mild elevations of transaminases with and without concomitant elevation in alkaline phosphatase and bilirubin have been 
observed in clinical studies. Such elevations were usually transient and frequently resolved even with continued diltiazem treatment In rare instances, 
significant elevations in enzymes such as alkaline phosphatase, LDH, SGOT, SGPT, and other phenomena consistent with acute hepatic injury have 
been noted. These reactions tended to occur early after therapy initiation (1 to 8 weeks) and have been reversible upon discontinuation of drug 
therapy. The relationship to CARDIZEM is uncertain in some cases, but probable in some. (See PRECAUTIONS. ) 

PRECAUTIONS 

General. CARDIZEM is extensively metabolized by the liver and excreted by the kidneys and in bile. As with any drug given over prolonged periods, 
laboratory parameters should be monitored at regular intervals. The drug should be used with caution in patients with impaired renal or hepatic 
function. In subacute and chronic dog and rat studies designed to produce toxicity, high doses of diltiazem were associated with hepatic 
damage. In special subacute hepatic studies, oral doses of 125 mg/kg and higher in rats were associated with histological changesuin the liver 
which were reversible when the drug was discontinued. In dogs, doses of 20 mg/kg were also associated with hepatic changes; however, 
these changes were reversible with continued dosing. 

Dermatological events (see ADVERSE REACTIONS section) may be transient and may disappear despite continued use of 
CARDIZEM. However, skin eruptions progressing to erythema multiforme and/or exfoliative dermatitis have also been 
infrequently reported. Should a dermatologic reaction persist, the drug should be discontinued. 

Drug Interaction. Due to the potential for additive effects, caution and careful titration are warranted in patients receiving 
CARDIZEM concomitantly with any agents known to affect cardiac contractility and/or conduction. (See WARNINGS.) 
Pharmacologic studies indicate that there may be additive effects in prolonging AV conduction when using beta- 
blockers or digitalis concomitantly with CARDIZEM. (See WARNINGS.) 

As with all drugs, care should be exercised when treating patients with multiple medications. CARDIZEM 
undergoes biotransformation by cytochrome P-450 mixed function oxidase. Coadministration of 
CARDIZEM with other agents which follow the same route of biotransformation may result in the 
competitive inhibition of metabolism, Dosages of similarly metabolized drugs such as 
cyclosporin, particularly those of low therapeutic ratio or in patients with renal and/or 
hepatic impairment, may require adjustment when starting or stopping concomitantly 
administered CARDIZEM to maintain optimum therapeutic blood levels. 
Beta-blockers: Controlled and uncontrolled domestic studies suggest that 
concomitant use of CARDIZEM and beta-blockers is usually well tolerated, 
but available data are not sufficient to predict the effects of concomitant 7 
treatment in patients with left ventricular dysfunction or cardiac conduction abnormalities. : 
Administration of CARDIZEM concomitantly with propranolol in five normal volunteers resulted in 
increased propranolol levels in all subjects and bioavailability of propranolol was increased 
approximately 50%. If combination therapy is initiated or withdrawn in conjunction with propranolol, an 
adjustment in the propranolol dose may be warranted. (See WARNINGS.) 

Cimetidine: A study in six healthy volunteers has shown a significant increase in peak diltiazem plasma 
levels (58% ) and area-under-the-curve (53%) after a 1-week course of cimetidine at 1,200 mg per day and 
diltiazem 60 mg per day. Ranitidine produced smaller, nonsignificant increases. The effect may be mediated 
by cimetidine’s known inhibition of hepatic cytochrome P-450, the enzyme system probably responsible 
for the first-pass metabolism of diltiazem. Patients currently receiving diltiazem therapy should be carefully 
monitored for a change in pharmacological effect when initiating and discontinuing therapy with 
cimetidine, An adjustment in the diltiazem dose may be warranted, 

Digitalis: Administration of CARDIZEM with digoxin in 24 healthy male subjects increased plasma digoxin 
concentrations approximately 20%. Another investigator found no increase in digoxin levels in 12 patients 
with coronary artery disease. Since there have been conflicting results regarding the effect of digoxin levels, 
it is recommended that digoxin levels be monitored when initiating, adjusting, and discontinuing CARDIZEM 
therapy to avoid possible over- or under-digitalization. (See WARNINGS.) 

Anesthetics: The depression of cardiac contractility, conductivity, and automaticity as well as the 
vascular dilation associated with anesthetics may be potentiated by calcium channel blockers. When 
used concomitantly, anesthetics and calcium blockers shoulc be titrated carefully 

Carcinogenesis, Mutagenesis, Impairment of Fertility. A 24-month study in rats at oral dosage levels of up 
to 100 mg/kg/day, and a 21- month study in mice at oral dosage levels of up to 30 mg/kg/day showed no 
evidence of carcinogenicity. There was also no mutagenic response in vitro or in vivo in mammalian cell 
assays or in vitro in bacteria. No evidence of impaired fertility was observed in a study performed in male 
and female rats at oral dosages of up to 100 mg/kg/day. 

Pregnancy. Category C. Reproduction studies have deen conducted in mice, rats, and rabbits. 
Administration of doses ranging fram five to ten times greater (on a mg/kg basis) than the daily 
recommended therapeutic dose has resulted in embryo and fetal lethality. These doses, in some 
studies, have been reported to cause skeletal abnormalities. In the perinatal/postnatal studies, there 
was an increased incidence of stillbirths at doses of 20 times the human dose or greater. 

There are no well-controlled studies in pregnant women; therefore, use CARDIZEM in pregnant women 
only if the potential benefit justifies the potential risk to the fetus. 

Nursing Mothers. Diltiazem is et he in human milk. One report suggests that concentrations in breast 
milk may approximate serum levels. If use of CARDIZEM is deemed essential, an altemative method of infant 
feeding should be instituted. 


Pediatric Use. Safety and effectiveness in children have not been established. 
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ONE TO TRUST 


FOR MILD TO MODERATE HYPERTENSIVE PATIENTS 


ADVERSE REACTIONS 

Serious adverse reactions have been rane in studies carried out to date, but it should be recognized 
that patients with impaired ventricular ‘unction and cardiac conduction abnormalities have usually 
been excluded from these studies. 


The adverse events described below represent events observed in clinical studies of hypertensive. 
patients receiving either CARDIZEM Tablets or CARDIZEM SR Capsules as well as experiences 
observed in studies of angina and during marketing. The most common events in hypertension 
studies are shown in a table with rates in placebo patients shown for comparison. Less common 
events are listed by body system; these include any adverse reactions seen in angina studies that 
were not observed in hypertension studies. In all hypertensive patients taking CARDIZEM Tablets or 
CARDIZEM SR Capsules studied (over 900), the most common adverse events were edema (9%), 
headache (8%), dizziness (6%), asthenia (5%), sinus bradycardia (3%), flushing (3%), and first- 
degree AV block (3%). Only edema and perhaps bradycardia and dizziness were dose related. 
DOUBLE BLIND PLACEBO CONTROLLED HYPERTENSION TRIALS 








ADVERSE DILTIAZEM PLACEBO 

N=315 N=211 

# PTS (%) # PTS (%) 
Headache 38 (12%) 17 (8%) 
AV Block First Degree 24 (7.6%) 4 (1.9%) 
Dizziness 22 (7% 6 (2.8%) 
Edema 19 (6%) 2 (0.9%) 
Bradycardia 19 (6%) 3 (1.4%) 
ECG Abnormality 13 (4.1%) 3 (1.4%) 
Asthenia 10 (3.2%) 1 (0.5%) 
Constipation 5 (1.6%) 2 (0.9%) 
Dyspepsia 4 (1.3%) 1 (0.5%) 
Nausea 4 (1.3%) 2 (0.9%) 
Palpitations 4 (1.3%) 2 (0.9%) 
Polyuria 4 (1.3%) 2 (0.9%) 
Somnolence 4 (1,3%) — 
Alk Phos Increase 3 (1%) 1 (0.5%) 
Hypotension 3 (1%) 1 (0.5%) 
Insomnia 3 (1%) 1 (0.5%) 
Rash 3 (1% 1 (0.5%) 
AV Block Second Degree 2 (0.6%) = 


The following table presents the most common adverse reactions reported in placebo-controlled 
trials in patents receiving CARDIZEM CD up to 360 mg with rates in placebo patients shown for 
comparison. 


CARDIZEM CD PLACEBO 

ADVERSE REACTION N=324 N=175 
HEADACHE 9.0% 8.0% 
BRADYCARDIA 4.3% 2.3% 
EDEMA 3.7% 2.3% 
DIZZINESS 3.1% 3.4% 
ECG-ABNORMALITY 3.1% 2.9% 
AV BLOCK FIRST DEGREE 2.2% — 
ASTHENIA 1.9% 1.7% 





In clinical trials of CARDIZEM CD Capsules, CARDIZEM Tablets, and CARDIZEM SR Capsules involving 
over 3000 patients, the most common events (ie, greater than 1%) were edema (4.9%), headache 
(4.9%), dizziness (3.5%), asthenia 2.7%), first-degree AV block (2.2%), bradycardia (1.6%), 
flushing (1.5%), nausea (1.4%), rash (1.3%), and dyspepsia (1.2%). 


In addition, the-following events were:reported infrequently (less than 1%). 

Cardiovascular: Angina, arrhythmia, AV block (second: or third-degree), bundle branch block, 
congestive heart failure, ECG abnormalities, hypotension, palpitations, syncope, 
tachycardia, ventricular extrasystoles. 

Nervous System: Abnormal dreams, amnesia, depression, gait abnormality, hallucinations, insomnia, 
nervousness, paresthesia, personality change, somnolence, tinnitus, tremor. 

Gastrointestinal: Anorexia, constipation, diarrhea, dry mouth, dysgeusia, mild elevations of SGOT, 
SGPT, LDH, and alkaline phosphatase (see hepatic wamings), thirst, vomiting, weight increase. 

Dermatological: Petechiae, photosersitivity, pruritus, urticaria, 

Other: Amblyopia, CPK increase, dyspnea, epistaxis, eye imitation, hyperglycemia, hyperuricemia, 
impotence, muscle cramps, nasal congestion, nocturia, osteoarticular pain, polyuria, sexual 
difficulties. 

The following postmarketing events have been reported infrequently in patients receiving 
CARDIZEM. alopecia, erythema multiforme, exfoliative dermatitis, extrapyramidal symptoms, gingival 
hyperplasia, nemolytic anemia, increased bleeding time, leukopenia, purpura, retinopathy, and 
thrombocytopenia. In addition, events such as myocardial infarction have been observed which are 
not readily distinguishable from the natural history of the disease in these patients. A number of 
well-documented cases of generalized rash, characterized as leukocytoclastic vasculitis, have been 
reported. However, a definitive cause and effect relationship between these events and CARDIZEM 
therapy is yet'to be established, 

HOW SUPPLIED 

CARDIZEM® CD (diltiazem hydrochlonde) is available as capsules of 180 mg, 240 mg, and 300 mg in 

bottles of 30 and 90, and in UDIP® packages of 100. 

CARDIZEM® SR (diltiazem hydrochlondie) is available as sustained release capsules of 60 mg, 90 mg, 

and 120 mg in bottles of 100, and in UDIP® packages of 100 


Product Information as of October 1991 
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: “Long-Term Prognosis After Acute Myocardial 
Infarction in Patients with Left Ventricular 
Hypertrophy on the Electrocardiogram 


~ Solomon Behar, MD, Henrietta Reicher-Reiss, MD, Edward Abinader, MD, Jacob Agmon, MD, 
Jacob Barzilai, MD, Yaacov Friedman, MD, Elieser Kaplinsky, MD, Nissim Kauli, MD, 
Yehezkiel Kishon, MD, Abraham Palant, MD, Benyamin Peled, MD, MSc, Leonardo Reisin, MD, 
Zwi Schlesinger, MD, Izhar Zahavi, MD, Monty Zion, MD, Uri Goldbourt, PhD, 
and the SPRINT Study Group* 


-Among 4,720 consecutive hospital survivors from 
acute myocardial infarction (AMI) treated in 13 
coronary care units between July 1981 and Au- 

- gust 1983, the estimated prevalence of electrocar- 

_ diographic left ventricular (LV) hypertrophy was 

6.1%. The prevalence of electrocardiographic LV 

a hypertrophy increased with age and was higher in 

patients ‘with previous myocardial infarction, angi- 

`“ na and systemic hypertension. Mean age of pa- 
tients with electrocardiographic LV hypertrophy 
was 67.2 vs 61.4 years in counterparts free of 

-electrocardiographic LV hypertrophy. Patients 

_ with electrocardiographic LV hypertrophy had a 
higher rate of congestive heart failure on admis- 

; sion, or developing during their stay in coronary 

- care units. The 1- and 5-year mortality rates were 

: and 46.6% among patients with electrocar- 

ae aphic LV hypertrophy versus 8.7 and 

_ 26.2%, respectively {p <0.001) in patients with- 

_ out this finding. The covariate-adjusted odds ratio 
of 1-year mortality was 1.88 for the presence of 
electrocardiographic LV hypertrophy when age 

‘alone was adjusted for, and 1.51 (90% confidence 

“interval, 1.09 to 2.10) when multiple covariate ad- 
justment was undertaken. After multiple covariate 
adjustment for 5-year mortality after discharge, 

-` the relative risk associated with electrocardio- 

graphic LV hypertrophy was 1.51 (90% confi- 

_ dence interval, 1.26 to 1.80). The results of the 





_ present study showed that the presence of electro- 


- cardiographic LV hypertrophy on the discharge 
_ electrocardiogram of survivors from AMI is asso- 
ciated with a 1.5-fold increase of short- and long- 


term mortality. Patients with electrocardiographic 
LV hypertrophy, potentially at an increased post- 


From the Neufeld Cardiac Research Institute, Chaim Sheba Medical 
Center, Tel Hashomer, Israel. The collection of the SPRINT Registry 
data was supported by a research grant from Bayer AG, Wuppertal, 
Germany, within the framework of the SPRINT Study. Manuscript 
received May 9, 1991; revised manuscript received and accepted De- 
cember 18, 1991. 

Address for reprints: Solomon Behar, MD, Neufeld Cardiac Re- 
search Institute, Chaim Sheba Medical Center, Tel Hashomer, 52621 

Israel. 


*See Appendix for the list of participants in the SPRINT Study 
Group. 


discharge risk, may be candidates for early nonin- 
vasive testing and more intensive follow-up after 
recovering from AMI. 

(Am J Cardiol 1992:69:985-990) 


(AMI) identified arrhythmias, conduction distur- 

bances and ST-segment shifts:on the discharge 
electrocardiogram. as independent predictors of subse- 
quent coronary morbidity and mortality.) 5 Electrocar- 
diographic left ventricular (LV) hypertrophy has also 
been identified as an important independent risk fac- 
tor for predicting cardiac death, after both Q-wave 
and non-Q-wave AMI.®’ However, evaluation of the 
prognosis of electrocardiographic LV hypertrophy after 


S tudies of prognosis after acute myocardial infarction 


~ AMI has been limited by relatively small numbers of 


such patients, or by possible patient selection bias. 

In this study, we present an analysis of the prognos- 
tic significance of LV hypertrophy on the electrocardio- 
gram in a large consecutive unselected cohort of 4,808 
survivors after AMI from the Secondary Prevention 
Reinfarction: Israeli Nifedipine Trial (SPRINT) Reg- 
istry. 


METHODS 

Study population: During 1981 to 1983, we conduct- 
ed a secondary prevention study in which nifedipine was 
administered to 2,276 survivors of AMI hospitalized in 
14. of 21 existing coronary care units in Israel at that 
time.? Nifedipine administration had no effect on the 
rate of clinical events.? 

During the study period a logbook of all patients 
with AMI hospitalized in the coronary care units of 13 
of the participating hospitals was maintained (SPRINT 
Registry, n = 5,839). Demographic, historical and med- 
ical data were collected on special forms. Mortality. fol- 
low-up was complete up to 1988 for 99% of all hospital 
survivors (n = 4,808; mean 5.5 years). The diagnosis of 
AMI was based on typical clinical symptoms lasting 
230 minutes, unequivocal Q/QS and ST-T changes on 
the electrocardiogram and high enzymatic levels (creat- 
inine kinase, glutamic oxalotransaminase and lactate 
dehydrogenase). The hospital electrocardiograms were 
interpreted by 2 cardiologists according to the Minneso- 
ta code.'® Electrocardiographic LV hypertrophy (Min- 
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z TABLE 1 Characteristics of Patients with Originally Diagnosed 
oe Versus Newly Detected Electrocardiographic Left Ventricular 
“Hypertrophy 









Original (n = 187) New (n = 21) 



















No, 
117 





% 
63 


% p Value 












Mer 











Age (mean year) 66.7 + 10.0 71.6278 0.02 
History 
AMI 63 34 6 29 NS 
BP 107 57 Il 52 NS 
Hypertension 95 51 7 33 NS 
Diabetes mellitus 35 19 3 14 NS 
Mortality 
1 year 35 19 6 29 NS 
5 years 86 46 i 52 NS 
bas = acute myocatdial infarction; AP = angina pectoris; NS = not significant. 


| ee 





nesota codes 31, 33) was diagnosed in 187 patients (see 
Appendix 1). 

For the purpose of the present study. the filed predis- 
charge electrocardiogram of all patients with diagnosed 
electrocardiographic LV hypertrophy and an additional 
1,000 randomly selected. electrocardiograms (+20% of 
the total population) were reassessed by one of us (SB) 
for diagnostic completeness and accuracy. Twenty-one 
new cases of electrocardiographic LV hypertrophy were 
diagnosed among the 1,000 randomly screened electro- 
cardiograms (2.1%). Consequently, the prevalence rate 
of electrocardiographic LV hypertrophy in this study 
has to be augmented by approximately 2% to give an 


estimated. aan prevalence. Overall, their 












ristory and 
especially the postdischarge mortality of the newly diag- 
nosed patients with electrocardiographic LV hypertro- 
phy did not differ significantly from those of the “origi- 
nal” patients, and they were therefore added to the elec- 
trocardiographic LV hypertrophy group for morbidity 
and mortality comparison with patients without electro- 
cardiographic LV hypertrophy (Table I). Eighty-eight 
patients were excluded from the analysis because the 
predischarge electrocardiograms were missing. 

Statistical analysis: Age-adjusted: prevalence of at- 
tributes correlating with electrocardiographic LV hy- 
pertrophy was calculated. Multivariate logistic analysis 
of hospital and postdischarge mortality yielded esti- 
mates of the covariate-adjusted predictive power of elec- 
trocardiographic LV hypertrophy on early (in-hospital) 
and 1-year mortality. The SAS software!! was. used, 
specifically the FREQ and CATMOD procedures. The 
covariate-adjusted relative risks of mortality through 
mid-1988 (an average $.5-year follow-up) were calcu- 
lated using the proportional hazards analysis, procedure 
PHGLM of SAS. 


RESULTS 

The prevalence of identified electrocardiographic 
LV hypertrophy among the SPRINT Registry survivors 
before adjustment on the basis of sample reassessment 
(see Methods) was 4.4% (208 of 4,720). Prevalence was 
more than double in women (7.4%) compared with men 
(3.5%) (p <0.001) and increased significantly with age. 
It was also more prevalent among patients with previous 


TABLE Il Characteristics of Patients Witn and Without Electrocardiographic Left Ventricular 
Hypertrophy 


Prasent (n = 208) 


Absent (n = 4,512) 





























No, % No, Yo | p Value 

Men 127 61.1 3,499 77 0.0001 | 

Age (mean year) 67.2 + 9.8 61.4 + 10.6 0.0001 
549 8 3.9 634 14.1 
50-59 35 16.8 1,219 27.0 
60-69 72 34.6 1,854 34.4 
270 93 44.7 1,105 24.5 

History 
AMI 69 33,2 967 214 0.€001 
Angina pectoris 118 56.7 2,133 473: 0.01 
Systemic hypertension 102 49.0 1,793 39.7 0.01 
Diabetes mellitus 38 18.3 877 19.4 NS. ' 
Smokers 48 23.1 1,645 36.8 0.0001 | 
Chronic renal failure 20 9.6 164 3.6 0.0001 
Cerebrovascular acci- 20 9.6 170 3.8 0.0001 

dent 

Enzymes > 4/normal 
CK 102 49.0 2,520 55.8 0.05 
GOT 75 36.1 1,830 40.6 NS 
LDH 25 12.0 508 11.3 NS 

AMI location 

AMI Q-wave <0.05 
Anterior 70 33.7 1,905 42.2. 
inferior 88 42.3 1,843 40.8 
Lateral 9 43 216 4.8 
Undetermined 12 5.8 182 4.0 

; Non-G-AMI 29 13.9 366 8.1 0.01 
E AMI = acute RER infarction, CK = creatine kinase; GOT = glutamic oxaloacetic transaminase; LDH = lactate 
dehydrogenase; NŠ = not significant. 
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- AMI, angina pectoris and systemic hypertension before 
AMI, and among nonsmokers. Patients with. non-Q- 
wave AMI had a prevalence of LV hypertrophy of 7.3% 
ys 4.3% in those with Q-wave AMI (p <0.005). The 
characteristics of patients with and those without elec- 
, trocardiographic LV hypertrophy are listed in Table 
Il. Patients with electrocardiographic LV hypertrophy 
were older, included more women. and had higher rates 
_ of previous AMI, angina, hypertension, cerebrovascular 
: accidents and chronic renal disease. The frequency of 
j very high serum enzyme levels (>4 times the upper nor- 
mal limits) was similar in both groups. Smokers and 
` anterior AMI location were found more often among 
“patients without than with electrocardiographic LV hy- 
pertrophy. 

The hospital course of both groups is summarized in 
Table II. Congestive heart failure and signs of cardio- 
- megaly as well as pulmonary congestion on admission 
chest x-ray occurred more often with than without elec- 
trocardiographic LV hypertrophy. Cardiac arrest and 
ventricular tachycardia were more common in patients 
with LV hypertrophy, as were advanced atrioventricular 
block and the development of congestive heart failure 
‘after admission. Papillary muscle dysfunction occurred 
during the acute phase of myocardial infarction in 3.4% 
of patients with LV hypertrophy. 

Postdischarge mortality in patients with electrocar- 
diographic LV hypertrophy was significantly higher 
-than in other survivors (Figure 1). One and 5-year post- 
discharge mortality rates were significantly higher in 

patients with electrocardiographic LV hypertrophy than 
in patients without these findings on the electrocardio- 
- graph (See Table IV). The modes of death over 1 year 
are presented in Table V. A slightly higher rate of sud- 
den death was noted among patients with than without 
‘ electrocardiographic LV hypertrophy, but this differ- 
-ence was not statistically significant. 
-1 To assess the independent. association between elec- 
Q trocerdiographic LV hypertrophy and mortality, multi- 
_ ple logistic regression was performed: (1) with electro- 








TABLE Ill. Hospital Course of Patients With and Without Electrocardiographic Left 
Ventricular Hypertrophy 
Present (n = 208) Absent (n = 4,512) 
No. No, % p Value 
On admission 
Congestive heart failure 71 34.1 803 17.8 0.0001 
Chesteray. 
Pulmonary congestion 56 26.9 833 18.5 0.002 
Cardiomegaly go 42.8 1,145 25.4 0.0001 
in-hospital 
Cardiac arrest 6 2.9 38 0.8 0.002 
Ventricular fibrillation 9 4.3 176 3.9 NS 
Ventricular tachycardia 23 11.1 738 16.4 0.04 
Paroxysmal atrial fibril- 28 13.5 510 11.3 NS 
lation 
Advanced atrioventricu- 25 12.0 346 77 0.02 
tar block : 
Congestive heart failure 46 22.1 745 16,5 0.03 
Papillary muscle dys- 7 3.4 90 2.0 NS 
function 
NS = not significant. i 
tee een KAA 5 a a] 





cardiographic LV hypertrophy and age alone as the in- 
dependent variables; and (2) adjusting, in addition: to 
age, for gender, congestive heart failure (on admission 
or developing in the coronary care unit), history of 
AMI, angina and cerebrovascular accident, participa- 
tion in the SPRINT trial, elevated serum enzyme levels 
and the site of infarct. The covariate-adjusted odds ratio 
for l-year mortality was 1.88 for the presence of LV 
hypertrophy when age alone was adjusted (90% confi- 
dence interval [CI], 1.38 to 2.56) and 1.51 (90% CI, 
1.09 to 2.10) when multiple covariate adjustment was 
undertaken. The latter odds ratio resembled those ob- 
tained for past cerebrovascular accident (1.53) and a 
10-year age increment (1.61). In a multivariate analysis 
of the 5-year mortality, the relative risk for mortality in 
the presence of LV hypertrophy was 1.63 after age-ad- 
justment (90% CI, 1.37 to 1.94) and 1.51 (90% CI, 1.26 
to 1.80) after multiple covariate adjustment. 


DISCUSSION 

In the present study the estimated prevalence of 
electrocardiographic LV hypertrophy among 4,720 
survivors was 6.1%. The data are in accordance with 
the prevalence of electrocardiographic LV hypertrophy 
among 2,122 subjects of the Rochester Epidemiology 
project (4.2%) and among hypertensive patients from 
the Honolulu Study (5%),'* but not with the data of the 
diltiazem study’ in which as many as 23% of patients 
with a non-Q-wave AMI exhibited electrocardiographic 
LV hypertrophy. In the Framingham Study and the 
Coronary Drug Project, only 6.8 and 6.7%, respectively, 
of patients with Q-wave AMI had LV hypertrophy on 
the follow-up electrocardiogram.®!> Higher prevalence 
of electrocardiographic LV hypertrophy was strongly 
related in our study to gender (women), older age, his- 
tory of previous MI, hypertension and non-Q-wave 
AMI in the index infarction. Patients with electrocar- 
diographic LV hypertrophy had a higher incidence of 
complicated course during hospitalization. The propor- 
tion of patients with very high levels of serum cardiac 
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with electrocardiographic LV hypertrophy. In the diltia- 
~ zem study patients with electrocardiographic LV hyper- 
ne ‘trophy exhibited lower peak creatine kinase levels than 
patients without electrocardiographic LV hypertrophy.” 
__ Electrocardiographic LV hypertrophy was less frequent- 
~ ly associated with anterior AMI. No obvious explana- 
tion is. available for this difference. It is possible that 
AMI of anterior location conceals preexisting high R 
_ waves in the precordial leads. Non-Q-wave AMI was 
seen more frequently (13.9%) in patients with than 
without (8.1%) electrocardiographic LV hypertrophy (p 
<0.01). This difference is compatible with a pathologic 
analysis of 204 patients with single AMI, in which Pir- 











| vaste IV One- and Five-Year Mortality 

















Electrocardiographic Left 
Ventricular Hypertrophy 
| 
Present Absent | 
(n = 208) (n = 4,512) | 
No. % No, % p Value 
L year 4l 19.7 391 8.7 <0.0001* 
5years 97 46.6 1,180 26,2 <0,0001* 
* Analyses using multiple covariate adjustment yielded an odds ratio of 1.51 for 
1-year mortality, and a relative risk of 1.51 for 5-year mortality. 





enzymes was, however, not 1 increased a among minions olo et alle found 





that larger heart weight and degree of _ 
LV hypertrophy had a significant negative correlation _ 
with infarct extension and that the degree to which an 
infarct expands may be influenced by the preinfarction 
thickness of the ventricular wall. 

In several studies electrocardiographic LV hypertro- 
phy was an independent risk factor for increased coro- 
nary and sudden death, congestive heart failure, stroke 
and AMI.!-7:!7-!9 Resting 12-lead electrocardiograms in 
251 survivors of clinically recognized Q-wave AMI in 
the Framingham study. were examined in relation to 
reinfarction and coronary death over 32 years (mean 
follow-up 10.1 years). Electrocardiographic LV hyper- 



























TABLE V One-Year Mode of Death 
Electrocardiographic Left 
Ventricular Hypertrophy 
Present Absent 
(n= 41) (n = 391) 
No. % No. % p Value 
Sudden death 21 51.2 177 45.3 NS 
Cardiac death 13 31.7 122 31.2 
Noncardiac death 6 14.6 79 20.2 
Unknown J 24 13 3.3 








NS = not significant. 
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trophy was a powerful predictor of coronary death, 
_ which increased between 2.7- and 3.5-fold compared 
with that of patients without electrocardiographic LV 
_ hypertrophy. However, the presence or absence of LV 
: hypertrophy in the electrocardiogram was unrelated to 
_ the risk of reinfarction. In the diltiazem study,’ 23% of 
patients with non-Q-wave AMI had LV hypertrophy 
“using standard voltage criteria. Compared with patients 
< without electrocardiographic LV hypertrophy, patients 
with non-Q-wave AMI and electrocardiographic LV 
hypertrophy had a twofold increased incidence of rein- 
farction (24 vs 12%) and death (19 vs 9%). In the Coro- 
nary Drug Project placebo group,'* electrocardiograph- 
ic LV hypertrophy, although associated with increased 
subsequent mortality, was not independently related to 
higher mortality at 3-year follow-up. 

In our study, the 1-year mortality of survivors from 
AMI with electrocardiographic LV hypertrophy was 
double (19.7%) that of survivors without LV hypertro- 
phy (8.7%) (p <0.0001). These rates closely resemble 
those of the diltiazem study (19 and 9%, respectively).’ 
After covariate adjustment, a 51% mortality excess at 1 
and 5 years remained. These findings are supported by 
a recent echocardiographic study,”° in which LV hyper- 
trophy carried a higher risk of subsequent mortality, in- 
dependent of angiographically defined coronary anato- 
my and LV function.!° 

The data of our study do not lend themselves to ex- 
amination of (1) the causes of LV hypertrophy, and (2) 
the precise mechanisms by which LV hypertrophy in- 
creases mortality. However, patients with electrocardio- 

graphic LV hypertrophy were older, and had signifi- 
cantly higher prevalence rates of previous AMI, and 
-previous angina pectoris and hypertension, all of which 
may contribute to the development of LV hypertro- 
phy.!? Moreover, patients with electrocardiographic LV 
hypertrophy had a significant increase in the prevalence 
of cardiomegaly on the admission chest x-ray, compared 
with patients without electrocardiographic LV hypertro- 
phy. This finding is in keeping with autopsy data from 
the Framingham study which indicated that a correla- 
tion exists between the degree of electrocardiographic 
LV hypertrophy and the weight of the heart, as well as 
the thickness of the left ventricle.2! Additional reports 
have suggested that patients with coronary artery dis- 
ease have larger LV mass, resulting from either dilata- 
tion of the LV cavity or compensatory segmental hyper- 
trophy.”°2? Recent echocardiographic studies have 
further demonstrated the power of LV mass as a prog- 
nostic factor.2° 

Sudden death, transient ischemia, reduced coro- 
nary reserve and reduced diastolic function have been 
the mechanisms most frequently offered to explain in- 
creased mortality in survivors of AMI with LV hyper- 
trophy.?3.6!3.24-26 In our study, patients with electrocar- 
diographic LV hypertrophy had an increased rate of 
sudden death, but the difference was not statistically 
significant. 

The importance of the present study relates to the 
large number of consecutive patients studied and the 
accomplishment of long-term follow-up in 99% of the 





patients discharged from hospital. Biases related to 
omission of certain categories of AMI were. unlikely to 
occur and generalization of results is justified for post- 
MI risk stratification. However, because 21 new cases 
of electrocardiographic LV hypertrophy were found in 
1,000 randomly reassessed electrocardiograms of the 
reference group (2.1%), and the use of the postinfarc- 
tion electrocardiograms introduced the possibility that 
patients with LV hypertrophy who had experienced 
large infarcts might have a falsely negative electrocar- 
diographic designation, the true prevalence rate of elec- 
trocardiographic LV hypertrophy among survivors from 
AMI can only be estimated (6.1%). Nevertheless, the 
data firmly support previous findings that the presence 
of electrocardiographic LV hypertrophy in survivors 
from AMI should be viewed as an independent risk 
factor. 
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APPENDIX 1 

Minnesota code of electrocardiographic left ventric- 
ular hypertrophy: Code 3-1: R amplitude >26 mm in 
either V; or Vo, or R amplitude >20 mm in any of leads 
I, If, I, aVF or R amplitude >12 mm in lead aVL; 
Code 3-3 (optional code when 3-1 is not present): R 
amplitude >15 mm but <20 mm in lead I, or R ampli- 
tude in V; or Ve, plus S amplitude in V, >35 mm. ST- 
segment and T-wave changes were not mandatory for 
electrocardiographic LV hypertrophy diagnosis. 


APPENDIX 2 

SPRINT study group: Henry N. Neufeld, MD (de- 
ceased); Jacob Agmon, MD; Solomon Behar, MD; Uri 
Goldbourt, PhD; Henrietta Reicher-Reiss, MD; Ed- 
ward Abinader, MD; Jacob Barzilai, MD; Natalio Cris- 
tal, MD; Yaacov Friedman, MD; Nissim Kauli, MD; 
Yehezkiel Kishon, MD; Abraham Palant, MD; Benya- 
min Peled, MD; Leonardo Reisin, MD; Egon Riss, MD 
(deceased); Zwi Schlesinger, MD; Izhar Zahavi, MD, 
Monty Zion, MD. 

SPRINT participating centers, principal investiga- 
tors, and physicians: Assaf Harofeh Hospital, Zerifin: 
Zwi Schlesinger, MD, Moshe Algom, MD; Barzilai 
Medical Center, Ashkelon: Leonardo Reisin, MD, 
Newton Yalom, MD; Beilinson Medical Center, Petach 
Tikvah: Yaacov Friedman, MD; Baei Zion Center, 
Haifa: Edward Abinader, MD, Ehud Goldhammer, 
MD, Salim Maalouf, MD; Carmel Hospital and Med- 
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D; Central Emek Hospital, Afula: Jacob 
MD, Lev Bloch, MD; Hasharon Hospital, Pe- 


` tach Tikvah. izhar Zahavi, MD, Menachem Katz, 








- : _ MD; Hillel Yaffe Hospital, Hadera: Benyamin Pelled, 
_ MD, MSc, Zakki Abu-Moukh, MD; Kaplan Hospital, 


Rehovot: Nissim Kauli, MD, Emanuel Liebman, MD; 


as Rambam Medical Center, Haifa: Egon Riss, MD, MSc 
- (deceased), Jamil Hir, MD; Shaare Zedek Medical 


Center, Jerusalem: Monty Zion, MD, David Rosen- 


mann, MD, Jonathan Balkin, MD; Sheba Medical 
‘Center, Tel Hashomer: Henrietta Reicher-Reiss, MD; 


Wolfson Medical Center, Holon: Yehezkiel Kishon, 
MD, Ron Narinsky, MD. 
“COORDINATING. CENTER: Neufeld Cardiac Research 


‘Institute, Sheba Medical Center, Tel Hashomer: 


Solomon Behar, MD, Uri Goldbourt, PhD, Henrietta 
Reicher-Reiss, MD, Lori Mandelzweig, MPH. 
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o Milwaukee Prehospital Chest Pain 
Project — Phase I: Feasibility and Accuracy of 
- Prehospital Thrombolytic Candidate Selection 


Tom P. Aufderheide, MD, Michael H. Keelan, MD, Gail E. Hendley, MD, Nancy A. Robinson, 
Thomas E. Hastings, DO, Ruben F. Lewin, MD, Harvey F. Hewes, MD, Alan Daniel, MD, 
David Engle, MD, Barry K. Gimbel, MD, Kenneth R. Bortin, MD, David J. Clardy, MD, 
Donald H. Schmidt, MD, Tanvir Bajwa, MD, Peter Holzhauer, MD, Russell C. Dabrowski, MD, 
Gregory H. SHC MD, and Sam Teichman MD 


This study prospectively determined the feasibility 
and accuracy of prehospital thrombolytic therapy 
candidate selection by base station emergency 
physicians. During a 6-month period, paramedics 
acquired and transmitted prehospital 12-lead elec- 
trocardiograms (ECGs) and then applied a throm- 
-bolytic therapy contraindication checklist. Emer- 
- gency physicians interpreted prehospital ECGs 
and prospectively selected candidates for throm- 
bolytic therapy. A safety committee of cardiolo- 
gists reviewed prehospital ECGs, checklists and 
hospital records to determine accuracy indepen- 
dently. Six hundred-eighty stable adult prehospital 
patients with a chief complaint of nontraumatic 
chest pain were initially evaluated. Two hundred 
forty-one patients were excluded because of (1) 
unsuccessful electrocardiographic transmission 
(149), (2) transport to nonparticipating facilities 
(72), and (3) unavailable medical records (20). No 
prehospital thrombolytic therapy was adminis- 
tered in this study. Of 439 cases, 91 (21%) had 
the final diagnosis of acute myocardial infarction, 
38 (8.7%) had diagnostic prehospital ECGs, and 
12 (2.7%) were selected by emergency physicians 
as candidates for thrombolytic therapy. Seventy 
percent of patients with myocardial infarction had 
checklist exclusions for thrombolytic therapy. Pre- 
hospital evaluation increased mean scene time 
(paramedic arrival on scene to scene departure) by 
4 minutes. The median time from chest pain onset 
“to paramedic arrival in patients with myocardial 
infarction was 60 minutes. The estimated average 
time saved if prehospital thrombolytic therapy had 
been available was 101 + 81 minutes. The safety 
committee concluded that acceptable accuracy of 
emergency physician prehospital electrocardio- 
graphic interpretation, checklist and case selec- 
tion was achieved. It is concluded that emergency 
» physicians can accurately identify candidates for 
prehospital thrombolytic therapy. 
(Am J Cardiol 1992;69:991-996) 


< From the Department. of Emergency Medicine, Medical College of 


_ Wisconsin, Milwaukee, Wisconsin. Manuscript received June 27, 1991; 


revised manuscript received and accepted December 11,1991. -4 
(Address for reprints: Tom P. Aufderheide, MD, Department of 

; Emergency Medicine, Medical College of Wisconsin, 8700 West Wis- 
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in Myocardial Infarction, European Cooperative 

Study Group, the APSAC International Mortali- 
ty Study trial, and others have demonstrated a clear re- 
lationship between early thrombolytic therapy and im- 
proved myocardial salvage and survival.''? However, 
hospital-based time to treatment continues to remain 
long with a national average of 89 minutes in a recently 
reported study.!? One possible approach to reduce time 
delays to treatment for patients with acute myocardial 
infarction (AMI) would be the initiation of thrombolyt- 
ic therapy in the prehospital setting. 

This study determines the accuracy of base sta- 
tion emergency physician prehospital thrombolytic can- 
didate selection (including base physician prehospital 
electrocardiographic interpretation and paramedic 
checklist detection of historical contraindications to 
thrombolytic therapy). A secondary end point of the 
study was to estimate potential time saved if prehospital 
thrombolytic therapy had been available. 


Ts Italian Group for the Study of Streptokinase 


METHODS 

The Milwaukee County emergency medical system 
serves a population of approximately 1,000,000 people 
covering an area of 240 square miles. Ten paramedic- 
staffed ambulances operate under a single base station 
controlled by emergency physicians at the Milwaukee 
County Medical Complex. Base physicians in this study 
were second-, third- or fourth-year emergency medicine 
residents with academically trained and board-certified 
emergency medicine faculty who supervised 12-lead 
electrocardiographic interpretation and were responsible 
for prospective selection of prehospital thrombolytic 
candidates. 

All 10 Milwaukee County paramedic rigs were 
equipped with computerized, portable Marquette Elec- 
tronics MAC PC 12-lead electrocardiographs, coupled 
with cellular telephone transmission capability. This 
technology provides a printed copy of the 12-lead elec- 
trocardiogram (ECG) at the paramedic site, while si- 
multaneously transmitting an ECG to a receiving unit 
at the centralized base station. The transmission of pre- 
hospital 12-lead ECGs has been previously demon- 
strated to be accurate and reliable.'* 

A 20-item paramedic checklist designed to identify 
relative and absolute contraindications to prehospital 
treatment with tissue-type plasminogen activator was 


developed for this study (Figure 1). Prehospital check- 
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list criteria were more restrictive than hospital-based 
criteria (e.g., excluding patients with any history of dia- 
betes, liver or kidney problems). The checklist appro- 
priately prevented paramedics from exercising clinical 
judgment in the case selection process. 

After conducting a history and physical examina- 
tion, paramedics acquired and transmitted a 12-lead 
ECG to the base station emergency physician as the 
first step in the case selection process. This allowed the 
base physician to incorporate the information from 
prehospital 12-lead ECGs in the treatment and care of 
the patient. During prehospital treatment or transport, 
paramedics completed the 20-item checklist for relative 
or absolute contraindications to thrombolytic therapy. 
This information was communicated by paramedics to 
the emergency medicine faculty base physician who 
prospectively selected candidates for thrombolysis. 

No thrombolytic therapy was administered in the 
field during this study. Instead, a decision was made by 
the faculty base physician whether or not the patient 
was eligible and would have received prehospital throm- 
bolytic therapy if it had been available. 








A safety committee of 11 cardiologists from the 8 
participating hospitals retrospectively reviewed hospital 
and prehospital charts and ECGs on a monthly basis 
throughout the study to determine independently the 
accuracy of the selection process. Unlike base station 
emergency physicians, the cardiologists had access to 
the patient’s hospital record, including prior 12-lead 
ECGs for comparison. 

Cooperative (alert and oriented, able to speak and 
comprehend English, able to cooperate with prehospital 
treatment, and perceived by paramedics as reliable), 
stable (systolic blood pressure >90 mm Hg, and the ab- 
sence of ventricular tachycardia, ventricular fibrillation, 
second- or third-degree heart block), adult (>18 years 
old) patients who sought paramedic evaluation for a 
chief complaint of nontraumatic chest pain of presumed 
ischemic origin were considered race for the study. 
Patients with chest pain were excluded if, in the opinion 
of the paramedic, the acquisition of prehospital study 
information would interfere with patient care. 

Minimal electrocardiographic criteria for consider- 
ation of the diagnosis of AMI was defined as 21 mm of 


FIGURE 1. Paramedic recombinant tis- 
sue-type plasminogen activator (rT-PA) 
triage form. AV = arteriovenous; 
BP = blood pressure; EKG = electro- 
cardiogram; GI = gastrointestinal; MI = 
myocardial infarction; P = pulse; R = 
respiration; SOB = shortness of 
breath. 
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: TABLE! Patients with Evaluated Prehospital Chest Pain 





a a 


AMI by hospital diagnosis 
91/439 (21%) 


No AMI by hospital diagnosis 
348/439 (79%) 


Prehospital ECG positive for AMI 
38/439 (8.7%) 


Prehospital ECG negative for 
AMI 
53/439 (12%) 





Do hot meet checklist criteria 
26/439 (5.9%) 


Meet checklist criteria 
12/439 (2.7%) 








AMI = acute myocardial infarction; ECG = electrocardiogram. 








ST-segment elevation in 22 anatomically adjacent 
leads. 

The final hospital diagnosis was determined by the 
safety committee investigators. The final hospital diag- 

nosis of AMI required meeting World Health Organi- 
zation criteria for clinical history, ECG and cardiac 
enzyme tests. The final hospital diagnosis of angina pec- 
toris included new-onset, unstable and stable angina 
pectoris, and was made by the safety committee investi- 
gators after hospital chart review and the treating phy- 
sician’s diagnosis. Patients without evidence of AMI or 
angina pectoris after review of hospital records were 
classified as nonischemic. 
__ Standardized verbal consent was obtained by para- 
medics before study entry. This project was approved by 
the Human Research Review Committee of the Medi- 
‘cal College of Wisconsin. 

Student’s ¢ test was used to evaluate mean + stan- 
dard deviation. Fischer’s exact test was used for statisti- 
cal comparison of ratios. P values were considered sig- 
nificant at <0.05. 


(RESULTS 
_ During a 6-month period, from July 17, 1989, 
through January 1, 1990, the Milwaukee paramedics 
attempted to acquire prehospital 12-lead ECGs on 680 
stable patients complaining of nontraumatic chest pain. 
There were 149 (22%) unsuccessful cellular transmis- 
sions of the ECG which were excluded from the study. 
Also excluded were 72 patients (14%) transported to 
nonparticipating facilities and 20 patients (4%) whose 
medical record was not available for review. 
Of the 439 patients reviewed, 91 (21%) had a final 
discharge diagnosis of AMI, whereas 148 (34%) were 
discharged with a diagnosis of angina. The remaining 
200 (45%) had diagnoses that were nonischemic. 
< The patient population (n = 439) consisted of 202 
_ men (46%) and 236 women (54%) aged 27 to 94 years. 
_ The average age of men was 64 + 14 years and that of 
females 67 + 15 years. Women with a final hospital 
_ diagnosis of AMI were significantly older than men 
_ with a final hospital diagnosis of AMI (74 + 10 vs 65 + 
B yan, p <0.001). 


























TABLE IF Incidence of Relative and Absolute Contraindications 
to Prehospital Thrombolytic Therapy by Paramedic Checklist 
Final Hospital Diagnosis : 
i AMI Angina Nonischemic 

Age > 74 years 44 42 31 

Systolic <90 or > 180 25 23 20 
mm Hg 

Chest pain onset > 6 22 12 26 
hours 

Kidney or liver disease/ 20 19 21 
diabetes 

Atypical chest pain 14 12 23 

Traurna/ arterial or central 9 12 12 
lines/surgery in last 2 
months 

Stroke/seizures/brain sur- 8 10 11 
gery 

Known bleeding prob- 8 5 3 
lems/disease 

Diastolic > 100 mm Hg 5 13 10 

Chest pain relieved by 1 5 16 20 
NTG 

Disoriented/incommuni- 5 5 6 
cative 

Brain tumor/aneurysm 3 2 0.6 

Takes warfarin 3 12 13 

Gastrointestinal bleed in 3 4 5 
last 12 months. 

Kidney/bladder bleeding 3 2 3 
in fast 12 months 

Cancer or other terminal 3 3 ll 
illness 

Suspected aortic dissec- 1.5 2 1 
tion or known aneurysm 

Colitis/Crohn's enteritis 1.5 2 2 

Pregnancy/active men- Q 0 25 
strual bleeding 

Percent of patients with 1 70 82 79 
or more contraindica- 
tions 

| AMI = acute myocardial infarction; NTG = nitroglycerin. i | 





Of the 439 patients in the study population, 91 
(21%) had the final hospital diagnosis of AMI, 38 
(8.7%) had transmitted prehospital 12-lead ECGs diag- 
nostic for AMI, and 12 (2.7%) met checklist criteria 
and were selected as candidates for prehospital throm- 
bolytic therapy by base station emergency physicians 
(Table I). 

The frequency of relative and absolute contraindica- 
tions to prehospital tissue-type plasminogen activator in 
patients with a final hospital diagnosis of AMI, angina 
and nonischemic chest pain is presented in Table II. 
There were no cases of paramedic failure to identify 
absolute or relative contraindications. 

The mean scene time (paramedic arrival on scene to 
scene departure) for the entire study population was 29 
+ 7 minutes. To determine if the acquisition of study 
information unacceptably prolonged scene time, a retro- 
spective control group of 442 patients with chest pain 
seen by paramedics during a 6-month period before the 
onset of the study was established. Retrospective control 
patients without study interventions were matched for 


_ the following study group characteristics: G coopera- 
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TABL LE MH Times* ee i 





Minutes 






_ Scene delay (29 £ 7 vs 

25 +6 minutes) 

(n= 439) 

~ “Crest pain onset to para- 
medic arrival in patients 
with AMI (n = 91) 

Prehospital 12-lead ac- 
quisition of ECG 
{n = 439} 

Emergency department 
acquisition of 12-lead 
ECG (n = 439) 

Time frorn prehospital to 
hospital 12-lead ECG 
{n = 439) 

Estimated time saved with 
prehospital initiation of 
thrombolytic therapy 

(n = 6) 


*All times are mean times except item 2, which is expressed as median time. 
AMI = acute myocardial infarction; ECG = electrocardiogram, 








60 








10+7 








19+ 18 








47+ 21 







101 + 81 

















tive (alert and oriented, cooperative with prehospital 
treatment); (2) stable (systolic blood pressure >90 mm 
: Hg, and the absence of ventricular tachycardia, ventric- 
ular fibrillation, second- or third-degree heart block on 

‘initial paramedic evaluation); (3) chief complaint of 
-nontraumatic chest pain of presumed ischemic origin; 


(4) base physician contact and treatment; and (5) ad- 


vanced cardiac life support transport. The mean scene 
_. time in this control population was 25 + 6 minutes. The 
acquisition, transmission and interpretation of prehospi- 
- tal 12-lead ECGs by base physicians, along with the 
completion of the 20-item paramedic checklist and final 
` decision to treat by the base physician, increased mean 
scene time over control by 4 minutes (Table III). 
The median time from onset of chest pain to para- 
medic arrival in AMI patients was 60 minutes (range 5 
„minutes to 6 days). The mean time for prehospital 12- 
lead acquisition (time from paramedic arrival at patient 
to obtaining the 12-lead ECG) was 10 + 7 minutes. 
“Paramedics acquired prehospital 12-lead ECGs nearly 
twice as fast as receiving emergency departments. The 
* time from paramedic arrival at the emergency depart- 
‘< ment to emergency department 12-lead electrocardio- 
graphic acquisition was 19 + 18 minutes (p <0.05). 
The mean time elapsed from prehospital ECG to emer- 


gency ‘department ECG w: 547 + n ‘minutes. N 
i statistically significant differences were seen “between i 









AMI, angina and nonischemic subgroups (Table HI): 

The potential time saved by prehospital initiation of 
thrombolytic therapy was estimated by determining the 
time elapsed between the prehospital decision to treat 
and the actual administration of hospital-based throm- 
bolytic therapy. Twelve patients were selected by base 
station emergency physicians as candidates for pre- 
hospital thrombolytic therapy. Although correctly iden- 
tified by emergency physicians, 6 of these 12 patients 
did not receive hospital-based thrombolytic therapy. 
Three patients were treated with emergent coronary an- 
gioplasty and 3 patients with inferior myocardial infarc- 
tions were managed conservatively without thrombolyt- 
ic therapy or procedural intervention. The mean time 
from prehospital decision to treat and hospital-based 
administration of thrombolytic therapy in the remaining 
6 patients (estimated potential time saved) was 101 + 
81 minutes (Table II). 

Of the 38 patients with a prehospital 12-lead ECG 
interpreted as diagnostic for AMI by base station emer- 
gency physicians, 12 (32%) were selected as candidates 
for prehospital thrombolytic therapy. None had relative 
or absolute contraindications and all met World Health 
Organization criteria for the final hospital diagnosis of 
AMI. The safety committee confirmed a base physician 
thrombolytic candidate selection positive predictive val- 
ue of 100%. 

One patient received a false-positive electrocardio- 
graphic AMI diagnosis by emergency physicians but 
was not selected as a candidate for prehospital thrombo- 
lytic therapy because of historical contraindications. 
The ECG met all AMI study criteria and appeared 
morphologically identical te a hyperacute anterior 
AMI. Cardiology chart review revealed no change from 
prior 12-lead ECGs, and that this represented a left 
ventricular aneurysm sustained as the result of an old 
AMI. Because of this single but important case, the 
safety committee recommended excluding patients with 
a history of prior AMI from consideration for prehospi- 
tal thrombolytic therapy (which would reduce eligible 
candidates by only 4%). The safety committee con- 
firmed acceptable overall accuracy of emergency physi- 
cian’s electrocardiographic interpretation (which was 
not statistically different from that of cardiologists [Ta- 
ble IV]), and further recommended proceeding to the 
second phase of this project. 





TABLE IV Diagnostic Accuracy of Prehospital 12-Lead Electrocardiographic interpretation for Acute Myocardial Infarction (n = 439) 


Cardiologists 


AMI + AMI — 


44 0 
47 348 
44/91 (48%) 
348/348 (100%) 
44/44 {100%} 
348/395 (88%) 


LEECO 
2 ECG 
Sensitivity 
: Specificity. 
“PPV 


z PPV 
ra NPV 


Sensitivity 
Specificity 


NPV 


Base Physicians 





AMI + 


38 
53 


p Value 





38/91 (42%) 
347/348 (99.7%) 
38/39 (97%) 
347/400 (87%) 








i AMI = acute meal infarction; ECG = sleetrocentiogram: NPV = = = negative price vale, fue; NS = = fot Sian PPV be positie predictive value; + = positiva; eg negative. 
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DISCUSSION 
Weaver et al!> recently demonstrated the feasibility 
_and safety of paramedic prehospital case selection for 
-initiation of thrombolytic therapy in the Seattle emer- 
gency medical system. They devised a systematic proto- 
col to select candidates for prehospital thrombolytic 
therapy by first including patients with presumed isch- 
emic chest pain, followed by a paramedic-applied 
checklist of relative and absolute contraindications to 
thrombolytic therapy, and finally applying prehospital 
12-lead ECGs to that clinical subset of patients who 
met these history, examination and checklist criteria. 
This systematic protocol appears very successful in ac- 
curately identifying such candidates, but excludes con- 
sideration of prehospital 12-lead electrocardiographic 
acquisition in >70% of evaluated cases.!5 

Compared with the Seattle Myocardial Infarction 

Triage and Intervention Project, our protocol required 
prehospital 12-lead electrocardiographic acquisition as 
the first step in the case selection process. The Milwau- 
kee Prehospital Chest Pain Project has chosen this strat- 
egy based on previous data demonstrating significant 
advantages to obtaining prehospital ECGs in all cooper- 
ative, stable, adult patients with presumed ischemic 
chest pain.'®!? Potential advantages include (1) im- 
proved prehospital diagnostic accuracy by base physi- 
cians for patients with AMI, angina, and nonischemic 
chest pain; (2) comparison of prehospital 12-lead ECGs 
with the first emergency department 12-lead ECG; (3) 
decreased hospital-based time delays in patients with 
documented prehospital ischemic events; and (4) poten- 
tial for improved prehospital triage, treatment and 
transport decisions.'°29 This approach allows incorpo- 
‘tation of 12-lead electrocardiographic information in 
‘the treatment and prehospital decisions of nonthrombo- 
lytic candidates, while also allowing identification of pa- 
tients for thrombolytic therapy. Despite having to carry 
the ECG machine to the scene in all cases, Milwaukee 
paramedics have been enthusiastic and receptive to this 
approach.!” 

Low numbers of candidates for selected thrombolyt- 
ic therapy (12 of 439 or 2.7%) does not necessarily pre- 
clude consideration of prehospital thrombolytic therapy. 
Patient safety and diagnostic accuracy must be abso- 

-tutely prioritized during these initial research protocols. 
The safety committee believed that base physicians 
were appropriately conservative in excluding 10 patients 
meeting minimally acceptable electrocardiographic cri- 
teria and an additional 7 patients in this study with 
relative contraindications who received hospital-based 
thrombolytic therapy. The number of eligible candi- 
dates for prehospital thrombolytic therapy may be safe- 
ly increased in the future with more liberal electrocar- 

_diographic interpretation and checklist criteria. Further- 
more, prehospital 12-lead ECGs may become standard 
‘in future emergency medical systems because of its val- 
ue to nonthrombolytic candidates.'*!” Initiation of pre- 
hospital thrombolytic therapy might be considered an 
additional benefit to patient care with implementation 
_of prehospital 12-lead technology if the frequency of its 

occurrence is high enough to maintain paramedic skills. 





The overall unsuccessful cellular transmission rate 
for this study was 22% (149 of 680 prehespital 12-lead 
ECGs). Monthly failed transmission rates were a high 
of 33% the first month of the study and a low of 11% 
later in the study, demonstrating a learning curve. Rea- 
sons for failed transmission included operator error, lack 
of proximity of the paramedic to a cellular telephone 
cell, interference from concrete and steel structures 
(particularly basements), system access during periods 
of peak use, and simultaneous transmission by 2 para- 
medic rigs to the same receiving unit. Implementation 
of an optional plug-in landline for use with on-scene 
touch-tone telephones combined with improved operator 
skills have reduced the cellular transmission failure rate 
to 10 to 15%. 

The single centralized base station serving as medi- 
cal control for this study was retrospectively viewed 
as important in achieving quality assurance. Eighteen 
emergency medicine residents and 12 academically 
trained and board-certified emergency physician faculty 
represented a manageable number of participants. This 
advantage may be diminished by emergency medical 
systems transmitting prehospital 12-lead ECGs to each 
receiving hospital. 

The findings in this study are remarkably similar to 
the Myocardial Infarction Triage and Intervention Pro- 
ject feasibility study recently published by Weaver et 
al.!5 The successful completion of the Milwaukee Pre- 
hospital Chest Pain Project — Phase I may also indi- 
cate potential feasibility in other centers. 

Administrative study design incorporating an inde- 
pendent safety committee involved the Milwaukee med- 
ical community from the very onset of the project, en- 
gendered confidence in the accuracy of the emergency 
medical system, and produced support for investigation 
of the concept of prehospital thrombolytic therapy. 

Completing an initial “dry run” study provided our 
emergency medical system with the opportunity to iden- 
tify and correct administrative, technical and quality as- 
surance issues before initiating field thrombolysis. We 
recommend completion of similar studies in other emer- 
gency medical systems considering administration of 
prehospital thrombolytic therapy. 
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APPENDIX 

PARTICIPATING CLINICAL CENTERS: Milwaukee County 
Medical Complex, Columbia Hospital, St. Joseph’s 
Hospital, St. Mary’s Hospital, St. Michael’s Hospital, 
West Allis Memorial Hospital, St. Luke’s Hospital, and 
Sinai-Samaritan Medical Center. 
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A prospective crossover study compared the 
visualization of Isovue-370 with a low-osmolar 
320-mg I/mL media in 26 children with 
Kawasaki disease. Three experienced clinicians 
who did not know which media had been used 
sorted the angiograms according to quality of 
image. 

Twice as many Isovue-370 images were rated as 
having superior detail definition than those 
which used the 320-iodine concentration! 
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CONTRAINDICATIONS —None. 
WARNINGS—Nonionic iodinated contrast media inhibit blood coagulation. in vitro, less than 
ionic contrast media, Clotting has been reported when blood remains in contact with syringes 
containing nonionic contrast media. 

Serious, rarely fatal, thromboernbolic events causing myocardial infarction and stroke have 
been reported during angiographic procedures with both ionic and nonionic contrast media. 
Therefore, meticulous intravascular administratian technique is necessary, particularly dur- 
ing angiographic procedures, to m:nimize thromboembolic events. Numerous factors, includ- 
ing length of procedure, catheter and syringe material, underlying disease state, and con- 
comitant medications may contribute to the development of thromboembolic events, For 
these reasons, meticulous angiographic techniquas are recommended including clase atten- 
tion to guidewire and catheter manipulation, use of manifold systems and/or three-way 
stopcocks, frequent catheter flushing with heparinized saline solutions, and minimizing the 
jength of the procedure. The use of plastic syringes in place of glass syringes has been 
reported to decrease but not eliminate the likelihood of in vitro clotting 

Use caution in patients with severely impaired renal function, combined renal and hepatic 
disease, or anuria, particularly when larger doses are administered. Radiopaque diagnostic 
contrast agents are potentially hazardous in patients with multiple myeloma or other para- 
proteinemia, particularly in those wth therapeutically resistant anuria. {thas been speculated 
that the combination of the contrast agent and dehydration may be causative of anuria in 
myelomatous patients. This risk is not a contraindication; however, special precautions are 
required. Contrast media may promote sickling in individuals who are homozygous for sickle 
cell disease when injected intravenously or intraarerially. Administration to patients known or 
suspected of having pheochromocytoma should be performed with extreme caution. If the 
possible benefits outweigh the considered risks, the procedures may be performed, however, 
the amount of the medium injected should be kept to an absolute minimum, Assess blood 
pressure throughout the procedure and have measures for treatment of a hypertensive crisis 
available. Monitor such patients very closely. Use caution in patients with hyperthyroidism or 
with an autonomously functioning thyroid nodule because of risk of thyroid storm. 
PRECAUTIONS: General—Diagnost:c procedures should be carried out under the direction 
of personnel with the prerequisite training and a thorough knowledge of the particular proce- 
dure to be performed. Appropriate facilities should be available for coping with any complica- 
tion of the procedure, or for emergency treatment of severe reaction to the agent itself. After 
parenteral administration, competent personnel ard emergency facilities should be available 
for at least 30 to 60 minutes since severe delayed reactions may occur. Preparatory dehydra- 
tion is dangerous and may contribute to acute renal failure in susceptible patients. Patients 
should be weil hydrated prior to and following administration. Reactions to the medium, includ- 
ing serious, life-threatening, fatal, anaphylactoid or cardiovascular reactions, should always 
be considered (see ADVERSE REACTIONS in the product package insert). Patients at 
increased risk include those with a history of a previous reaction to a contrast medium. a 
known sensitivity to iodine per se, and a known clinical hypersensitivity (bronchial asthma, 
hay fever, and food allergies). Pretesting cannot be relied upon to predict severe reactions 
and may itself be hazardous for the patient. A thorough medical history with emphasis on 
allergy and hypersensitivity prior to the injectior of any contrast medium may be more 
predictive and accurate than pretesting. Premedication with antihistamines or corticosteroids 
to avoid or minimize possible allergic reactions in such patients should be considered. 
General anesthesia may be indicated in some procedures in selected patients; however, a 
higher incidence of adverse reactions has been reported in anesthetized patents, which may 
be attributable to the inability of the patient to identify untoward symptoms, or to the 
hypotensive effect of anesthesia which can reduce cardiac output and increase the duration 
of exposure to the agent. Even though the osmolality is low compared to diatrizoate or 
iothalamate based ionic agents of comparable iodine concentration, the potential transitory 
increase in the circulatory osmotic load in patients with congestive heart failure requires 
caution during injection. Observe these patients for several hours following the procedure. In 
angiographic procedures, be aware of the possibility of dislodging plaques or damaging or 
perforating the vessel wall during Catheter manipulations and contrast medium injection. Test 
injections to ensure proper catheter placement are suggested. 

The inhibitory effects of nonionic contrast media on mechanisms of hemostasis have been 
shown, in vitro, to be less than ionic contrast media at comparable concentrations. For this 
reason, standard angiographic procedures should always be followed: angiographic cathe- 
ters should be flushed frequently, ard prolonged contact of blood with contrast in syringes 
and catheters should be avoided. Perform selective coronary arteriography only in those in 
whom the expected benefits outweigh the procedural risk. The inherent risks of angiocardiog- 
raphy in patients with chronic pulmonary emphysema must be weighed against the necessity 
for performing thts procedure. Angiography should be avoided whenever possible in patients 
with homocystinuria, because of the risk of inducing thrombosis and embolism. 

In addition to the general precautions previously described, special care is required when 
venography is performed in patients with suspected thrombosis, phlebitis, severe ischemic 
disease, local intection or a totally obstructed venous system, 

Extreme caution during injection of contrast media is necessary to avoid extravasation and 
fluoroscopy is recommended. This is especially important in patients with severe arterial or 
venous disease. 

Drug tnteractions—Renal toxicity has been reported in a few patients with liver dysfunction 
who were given oral cholecystograrhic agents followed by intravascular contrast agents. 
Administration of intravascular agents should therefore be postponed in any patient with a 
known or suspected hepatic or biliary disorder who has recently received a cholecystographic 
contrast agent. Other drugs should not be admixed with iopamidol. 

Drug/Laboratory Test Interactions—FBI and radioactive iodine uptake studies will not accu- 
rately reflect thyroid function for up to 16 days foltowing administration, however T3 resin 
uptake and total or free thyroxine (74) assays are not affected. Any test which might be 
affected by contrast media should be performed prior to administration of the contrast media. 
Carcinogenesis, Mutagenesis, Impairment of Fertility—in animal reproduction studies per- 
formed on rats, intravenously administered iopamidol did not induce adverse effects on 
fertility or general reproductive performance. in studies to determine mutagenic activity, 
iopamidol did not cause any increase :n mutation rates. 

Pregnancy Category B—No teratogen-c effects attributable to iopamidol have been observed 
in teratology studies performed in an:mals. There are, however, no adequate and well con- 
trolied studies in pregnant women. It :s nat known whether iopamidol crosses the placental 
barrier or reaches fetal tissues. Because animal studies are not always predictive of human 
response, this drug should be used during pregnancy only if clearly needed. Ractiologic 
procedures involve a certain risk related to the exposure of the fetus to ionizing radiation. 
Labor and Delivery—it is not known whether use during labor or delivery has immediate or 
delayed adverse effects on the labor, the delivery or the newborn. 

Nursing Mothers—!t is not known whether iopamidal is excreted in human milk. Use caution 
when contrast media are administerec to nursing women because of potential adverse reac- 
tions: consideration should be given te temporarily discontinuing nursing. 

Pediatric Use—Saiety and effectiveness in children has been established in pediatric angio- 
cardiography, computed tomography and excretory urography. 

Pediatric patients at higher risk of experiencing adverse events during contrast medium 
administration may include those having asthma, a sensitivity to medication and/or allergens, 
cyanotic heart disease, congestive heart failure, a serum creatinine greater than 1.5 mg/dL or 
those less than 12 months of age. 


S1992 E.R. Squibb & Sons, inc., Princeton, NJ 


ISOVUE*-370 
loparnidot Injection 76% 


612-802 


ADVERSE REACTIONS -Usually mild to moderate, self-limited and transient. In angiocardiog- 
raphy (597 patients), the adverse reactions with an estimated incidence of one percent or 
higher are: hot flashes 3.4%; angina pectoris 3.0%; flushing 1.8%; bradycardia 1.3%; hypo- 
tension 1.0%; hives 1.0%. intravascular injection is frequently associated with the sensation of 
warmth and pain, especially in peripheral arteriography and venography; pain and warmth 
are iess frequent and less severe with ISOVUE (iopamidol injection) than with diatrizoate 
megiumine and diatrizoate sodium injection. The following table of incidence of reactions is 
based on clinical studies with SOVUE in about 2191 patients. 





Adverse Reactions 
Estimated Overall Incidence 

System >t% Si 

Cardiovascular none tachycardia, hypotension, hypertension, 
myocardial ischemia, circulatory collapse, S-T 
segment depression, bigeminy, extrasystoles, 
ventricular fibrillation, angina pectoris, 
bradycardia, transient ischemic attack, 
thrambophiebitis 

Nervous pain (2.8%) vasovagal reaction, tingling in arms, grimace, 

burning sensation (1.4%) faintness 

Digestive nausea (1.2%) vomiting, anorexia 

Respiratory none throat constriction, dyspnea, pulmonary edema 

Skin and none rash, urticaria, pruritus, flushing 

Apoendages 
Body-as hot flashes (1.5%) headache, fever, chills, excessive sweating, 
a Whole back soasm 

Special Senses warmth (1.1%) taste a'terations, warmth in throat/arms/chest, 
nasal congestion, visual disturbances 

Urogenital none urinary retention 


Regardless of the agent employed, overall estimated incidence of serious adverse reac- 

tions :s higher with coronary arteriography than with other procedures. Cardiac decompensa- 
tion, serious arrhythmias, or myocardial ischemia or infarction may occur during coronary 
arteriagraphy and left ventriculography. Following coronary and ventricular injections, certain 
electrocardiographic changes (Increased QTc, increased R-R. T-wave amplitude) and certain 
hemodynamic changes (decreased systolic pressura) occurred less frequently with ISOVUE 
Uiopamidol injection) than with diatrizoate meglumine and diatrizoate sodium injection; 
increased LVEDP occurred less frequently after ventricular iopamidol injections. In aortog- 
raphy the risks of procedures also include injury to the aorta and neighboring organs, pleural 
puncture, renal damage including infarction and acute tubular necrosis with oliguria and 
anuriz, accidental selective filling of the right renal artery during the transiumbar procedure 
in the presence of preexisting renal disease, retroperitoneal hemorrhage from the trans- 
lumbar approach, and spinal cord injury and pathology associated with the syndrome of 
transverse myelitis. Adverse effects reported in literature include arrhythmia, arterial spasms, 
hematuria, periorbital edema, involuntary jeg movement, malaise, and triggering of degluti-~ 
tion; some of these may be procedural. Other reactions due to procedural hazards include 
hemorrhage or pseudoaneurysms at the puncture site, brachial plexus palsy following axil- 
lary artery injections, chest pain, myocardial infarction, and transient changes in hepatorenal 
chemistry tests; and rarely arterial thrombosis, displacement of arterial plaques, venous 
thrombosis, dissection of the coronary vessels and transient sinus arrest. 
Genesai Adverse Reactions To Contrast Media—Mild, moderate, and sometimes severe 
adverse reactions may occur associated with the srocedure and/or the contrast media. 
Reactions known to occur with parenteral administration of iodinated ionic contrast media 
{see the listing below) are possible with a nonionic agent. Approximately 95 percent of 
adverse reactions accompanying the use of other water-solubie intravascularly administered 
contrast agents are mild to moderate in degree. However, severe and life-threatening 
reactions and fatalities, mostly of cardiovascular origin, have occurred. 

Reported incidences of death from the administration of other iodinated contrast media 
range from 6.6 per 1 million (0.00066 percent) to 1 in 10,000 patients (0.01 percent). Most 
deaths occur during injection or 5 to 10 minutes later, the main feature being cardiac arrest 
with cardiovascular disease as the main aggravating factor. Isolated reports of hypotensive 
collapse and shock are found ir the literature, The incidence of shock is estimated to be 
t out of 20,000 (0.005 percent) patients. 

In a prospective clinical study involving patients undergoing an intravenous procedure, 
approximately 170,000 patients received nonionic low osmolar contrast media, with the 
majority of these receiving iopamidol. The overalt incidence of adverse reactions was 
approximately three in 100 patients. The incidence of severe reactions was approximately 
four in 10,000. 

Adverse reactions to injectable contrast media fall into two categories: chemotoxic 
reactions and idiosyncratic reactions. Chemotoxic reactions result from the physicochemical 
properties of the contrast medium, the dose, and the speed of injection. All hemodynamic 
disturbances and injuries to argans or vessels perfused by the contrast medium are included 
in this sategory. Experience with iopamidol suggests there is much less discomfort (e.g., pain 
and/orwarmth) with peripheral arteriography. Fewer changes are noted in ventricular function 
after ventriculography and coronary arteriography. 

idiosyncratic reactions include all other reactions, They occur more frequently in patients 
20 to 40 years old. Idiosyncratic reactions may or may not be dependent on the amount of 
crug imected, the speed of injection, the mode of injection, and the radiographic procedure. 
Idiosyncratic reactions are subdivided into minor, intermediate, and severe. The minor 
reactions are self-limited and of short duration; the severe reactions are life-threatening and 
treatment is urgent and mandatory. 

The ported incidence of adverse reactions to contrast media in patients with a history of 
allergy :s twice that for the general population. Patients with a history of previous reactions to 
a contrast medium are three times more susceptible than other patients. However, sensitivity 
to contrast media does not appear to increase with repeated examinations. Most adverse 
reactions to intravascular contrast agents appear within one to three minutes after the start 
ot injection, but delayed reactions may occur (see PRECAUTIONS, General). 

in addition to the adverse drug reactions reported for iopamidol, the following additional 
adverse reactions have been reported with the use of ather intravascular contrast agents and 
are possible with the use of any water-soluble iodinated contrast agent: 

Cardiovascular: vasodilation, cerebral hematomas, petechiae. 

Nervous: paresthesia, dizziness, convulsions, paralysis. coma. 

Respiratory: increased cough, asthma, laryngeal edema, pulmonary edema, bronchospasm, 
rhinitis. 

Skin and Appendages: injection site pain usually due to extravasation and/or erythematous 
swelling, skin necrosis. 

Urogensal: osmotic nephrosis-of proximal tubular cells, renal failure, pain. 

Special Senses: bilateral ocular irritation; lacrimation; conjunctival chemosis, infection, and 
conjunctivitis. 

The following reactions may also occur; neutropenia, thrombophlebitis, flushing, pallor, 
weakness, severe retching and-chaking, wheezing, cramps, tremors, and sneezing. 
Overdosage—Treatment of an overdose of an injectable radiopaque contrast medium is 
directec toward the support of ali vital functions. and prompt institution of symptomatic 
therapy. Intravenous LDso values «gi/kg} for jopamidel in animals: 21.8 (mice), 13.8 (rats), 
9.6 (rabbits). 17.0 (dogs). 

For full prescribing information consult package insert. 
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1. Saito 4. Kimura K. Takamia M, et al. Comparison of ionic and nonionic low-osmolar 
contrastmedia in coronary angiography, a crossover study in children. invest Radiol. 
1988;:23:910-913, 





(J3-652P) 


Squibb Diagnostics 


A Bristol-Myers Squibb Company 


Issued: March 1992 Printed in U.S.A. 








. pect on Global and Regional Left Ventricular 
- Functions by Percutaneous Transluminal 
-Coronary Angioplasty in the Chronic Stage 
After Myocardial Infarction 


Thomas Linderer, MD, Bettina Guhl, Christoph Spielberg, MD, Werner Wunderlich, MSc, 
Luise Schnitzer, MD, and Rolf Schröder, MD 





Data are reported on 145 consecutive patients 
with prior myocardial infarction who had success- 
ful percutaneous transluminal coronary angio- 

- plasty (PTCA) of the infarct-related artery (5 + 6 
months after infarction), and left ventricular (LV) 
angiograms before PTCA and during follow-up (7 

| + 4 months). There was a significant long-term 
improvement in LV function, ejection fraction in- 
creased from 60 + 13% to 64 + 13% (p <0.001), 

and regional wall motion abnormalities decreased 
` by 40%. Multivariate discriminant analysis identi- 
fied reduced LV function and a high degree of ste- 
nosis before PTCA as predictors for improvement 

-in LV function (ejection fraction <60%: ejection 

fraction from 48 + 9% to 57 + 14%, p <0.001; 

` and stenosis 290%: ejection fraction from 59 + 

-15% to 66 + 14%, p = 0.003). Restenosis 290% 
_ in patients with initial stenosis <90% decreased 

-ejection fraction from 59 + 16% to 51 + 14% (p 

- €0.05). Other factors tested (treatment of infarc- 
tion by thrombolysis, time between infarction and 
PTCA, and severity of angina pectoris) had no ef- 
fect on long-term changes in LV function. 

-Ris concluded that successful elective PTCA of 

a high-grade stenosis in an infarct-related artery 

‘may improve LV ejection fraction and regional 
wall motion abnormalities, especially in patients 
with K npeired LV function. 

(Am J Cardiol 1992;69:997-1002) 
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can improve chronic left ventricular (LV) dys- 

function after myocardial infarction. This: ob- 
servation was first seen in the early years of bypass 
surgery,' was confirmed by intraoperative echocardio- 
graphic studies? and led to the concept of “hibernating 
myocardium”: myocardial infarction may put some 
still viable myocardium in a stage of impaired function 
from which recovery is possible when perfusion becomes 
adequate again. Currently, percutaneous transluminal 
coronary angioplasty (PTCA) is available as another 
means of myocardial revascularization. Contrary to sur- 
gical revascularization, PTCA in patients with myocar- 
dial infarction was studied mainly in the setting of acute 
myocardial infarction with or without thrombolysis, +° 
Only a few reports of rather small numbers of patients 
examined the impact of PTCA on LV function in the 
chronic stage after myocardial infarction.?"'? 

This study investigates factors influencing the effect 
of PTCA of the infarct-related artery late after acute 
infarction on long-term changes of global and regional 
LV functions. 


R since en by aortocoronary bypass surgery 


METHODS 

Study patients: The study population comprised 145 
patients (113 men and 32 women, mean age 55 years, 
range 31 to 82). They were selected from a data base of 
500 consecutive, prospectively entered patients, accord- 
ing to the following 2 criteria: (1) myocardial infarction 
and elective successful PTCA of the infarct-related ar- 
tery at any time after the acute phase of myocardial 
infarction, and (2) quantitatively evaluable LV angio- 
grams obtained before PTCA and during follow-up. 
Successful PTCA was defined as 220% reduction of 
percent diameter stenosis, and residual stenosis £50%. 
Restenosis was defined as >50% diameter stenosis at 
follow-up. 72 patients had anterior and 73 had inferior 
myocardial infarctions; 18 had another myocardial in- 
farction before the qualifying one. During the same 
time, 76 patients without prior myocardial infarction 
had successful PTCA of 21 lesion, and an evaluable 
LV angiogram before PTCA and at follow up. These 
data were included for comparison: 

Quantitative angiographic analysis: The technique 
for analyzing LV angiograms and coronary stenosis was 
described previously.!? LV angiograms were obtained in 
the 30° right anterior oblique position. Ejection fraction 
was calculated according to the area-length method. 
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| TABLE} Results from the Multivariate Discriminant Analysis 
Canonical 
Discriminant 
Wilks’ Function 
a Variable Step F Value Lambda Coefficient | 
EF before PTCA 1 15.9076 0.90450 0.86835 
% stenosis before PTCA 2 5.5995 0.87019 -0.58537 
% stenosis at follow-up 3 2.3677 0.85582 0.34828 
EF = ejection fraction; PTCA = percutaneous transluminal coronary angioplasty. 











Regional wall motion abnormalities were quantified as 
the regional dyssynergic area of the left ventricle by su- 
perimposing the end-diastolic and end-systolic contours 
using a fixed polar coordinate system, measuring the 
actual shortening of 48 radii, and calculating the area 
between the nominal value of shortening (2 standard 
deviations below the mean of healthy subjects) and the 
patients’ actual radii shortening. 

Coronary arteries were filmed in multiple projec- 
tions, and stenoses were quantified by a computer-as- 
sisted caliper method. The edges of the normal as well 
as the stenotic segment of a vessel undergoing PTCA 
were marked by a cursor, and percent diameter stenosis 
was calculated as the mean value of multiple projec- 
tions. Stenoses were measured. before and immediately 
after PTCA, and during follow-up. 

Tracing of LV contours and measurements of coro- 
nary artery stenoses were performed by clinicians not 
performing PTCA themselves, and in the case of the 
follow-up study, unaware of the baseline results. 

Statistical analysis: Multivariate discriminant anal- 
ysis was used to obtain factors influencing long-term 
improvement of LV function after PTCA. Patients with 
ejection fractions 25% higher at follow-up were consid- 
ered as responders.'!°!4 The following variables were en- 
tered in the analysis: baseline LV function (ejection 
fraction and regional dyssynergic area); initial degree of 
stenosis; degree of stenosis at follow-up; treatment of 
infarction (72 patients were treated by thrombolysis and 
73 were not); time from infarction to PTCA (75 pa- 
< tients, had PTCA <1 month after the acute event 
[mean 14 + 8 days, range 1 to 29] and 70 patients >1 
month [mean 38 + 59 weeks, range 5 weeks to 7 
-years|); and degree of angina pectoris before PTCA 
(graded as proposed by the Canadian Cardiovascular 
Society). 15 

‘Multivariate discriminant analysis found (in the fol- 
lowing order) a low ejection fraction, a high degree of 
stenosis before PTCA, and a low degree of stenosis at 
follow-up to be factors influencing long-term outcome. 
To dichotomize these continuous variables, we derived 
the threshold value for ejection fraction from univariate 
analysis (60%; mean ejection fraction [responder + non- 
responder] /2). This approach was not usable for the 
subordinate factor degree of stenosis (before PTCA and 
at follow-up), because it was “overruled” by the ejection 
fraction. Dichotomization of these variables was data- 
derived, and the threshold value. was set at 90% diame- 
ter stenosis. The analysis was additionally performed for 





these dichotomized threshold values and confirmed the 
validity of this approach: 

Data are presented as mean + standard ‘deviation. 
The Statistical Package for the Social Sciences-X pro- 
gram was used for all statistical calculations. The paired 
t test was used for comparisons of data before PTCA 
and at follow-up, and the unpaired z test for compari- 
sons among different groups. A p value <0.05 was con- 
sidered significant. 


RESULTS 

All 145 patients with myocardial infarction had elec- 
tive PTCA (mean 19 weeks after infarction). Mean 
time between PTCA and follow-up was 29 + 18 weeks. 
Mean degree of percent diameter stenosis decreased 
from 79 + 13% before to 27 + 11% immediately after 
PTCA, and was 46 + 29% at follow-up. Ejection frac- 
tion increased from 60 + 13% to 64 + 14% (p <0.001) 
at follow-up, and the regional dyssynergic area de- 
creased from 152 + 177 to 92 + 144 (p <0.001). The 
number of akinetic radii in the infarcted region de- 
creased in responders from 15.0 + 9.7 to 7.2 + 8.3 (p 
<0.001). Baseline LV function was worse than in 70 
patients without prior myocardial infarction undergoing 
PTCA during the study period and showed no signifi- 
cant changes after PTCA (ejection fraction from 69 + 
8% to 70 + 9%, p= not significant [NS]; dyssynergic 
area from 31 + 67 to.25 +.63, p = NS). 

Statistical analysis: The results of the multivariate 
discriminant analysis (Table 1) showed that responders 
(patients with an improvement in ejection fraction of 
25%) are characterized by a low ejection fraction be- 
fore PTCA, a high degree of stenosis before PTCA, and 
a low degree of stenosis at follow-up. The major deter- 
minant was the baseline ejection fraction. It was detect- 
ed in the first step of the analysis (Table I) and had the 
highest F value. The regional dyssynergic.area was re- 
moved from further steps, because it provided the same 
information. If the baseline LV global and regional 
function is set aside, long-term outcome is influenced by 
the degree of stenosis before PTCA (second step, Table 
I) and finally by the degree of stenosis at follow-up 
(third step, Table I). Dichotomization of these continu- 
ous variables yielded a threshold value of 60% for ejec- 
tion fraction, and 290% for degree of stenosis before 
PTCA or for restenosis at follow-up. Thus, 290% steno- 
sis before PTCA characterizes the responders and at 
follow-up the nonresponders. Based on the 3 variables 
(baseline ejection fraction, and degree of stenosis before 
PTCA and at follow-up), 65% of all patients were clas- 
sified correctly as either responders or nonresponders. 
All other variables entered into the analysis (see Meth- 
ods and Table I) including clinical data before PTCA 
and at follow-up were discarded as having no indepen- 
dent effect on long-term changes in LV function. Fur- 
thermore, improvement in ejection fraction was inde- 
pendent of LV end-diastolic pressure, mean arterial 
pressure, heart rate, and withdrawal of 8 blockers be- 
tween baseline and. follow-up. 

analysis: The data of the various sub- 
groups entered into and derived from the multivariate 
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“analysis are summarized in Table II. There was a gen- 
eral trend toward improvement in all groups (except pa- 


_ tients with severe restenosis), which was statistically sig- | 


nificant in most cases. 

LV function improved significantly in patients with 

a baseline ejection fraction <60%, and did not change 

in those with an ejection fraction 260% (Table II). 

- Among patients with an ejection. fraction <60%, 36 
(60%) had no thrombolysis, and 35. (58%) had PTCA 
>1 month after infarction. 







Patients with an initial. 290% stenosis had much 


` greater changes in ejection fraction than did those with 
<90% stenosis (7 vs 2%). Ejection fraction improved i in 
two thirds of patients with 290% initial stenosis by 
25% (Table II and Figure 1). 
Patients without restenosis showed a significant im- 
_ provement in LV function (Table II), whereas changes 
-in ejection fraction were not significant in the 51 with 
restenosis (60 + 13% before and 63 + 15% after 
PTCA). Among patients with restenosis, LV function 
improved in those with <90% restenosis, but decreased 
in those with 290% restenosis (Table H). 
A composite consideration of the degree of stenosis 
before PTCA and at follow-up provided the following 
results (Figure 2): LV function improved markedly in 
-19 patients with an initial 290% stenosis and no reste- 
nosis (ejection fraction 60 + 15% to 69 + 11%, p = 
0,002; and dyssynergic area 142 + 213 to 55 + 155, 
y 004), did not change in 13 with an initial 290% 
stenosis and restenosis (any degree) at follow-up (ejec- 
ction from 56 + 15% to 61 + 17%, p = NS; and 
ynergic area 211 + 172 to 141 + 186, p= NS) and 
rated in 10 in whom the restenosis was worse 





















GF Previous Myocardial infarction 
ue Ejéction Fraction Dyssynergic Area -Ejection Fraction | 
Follow- Follow- <60% at Baseline, Increase by = 5%, 
No. - Baseline Up p Value Baseline Up p Value No. (%) No. (%) 
Baseline EF q 
< 60% 60 48+ §7+14 <0.001 3004176 1684179 <0.001 —_ 39:(65) 
260% 85 696 6929 NS 47471 39 + 78 NS _ 26(31) 
‘Baseline percent 
stenosis 
290% 32 59215 664 14 0.003 170 + 198 90 + 151 0.003 16 (50) 21166) 
<90% 113 61 £12 6312 0.005 146+ 171 93+142 <0.001 44 (39) 44 {39} 
Stenosis at follow-up: 
No restenosis (<50%) 94 60213 65+12* <0.001 139+ 168* 80+ 126* <0.001 39 (41) 44 (47) 
Restenosis 35 63+ 11t 68+ 1i1lt 0.011 143 + 185 68 + 132+ 0.007 11 (31) 15 (43) 
> 60-<90% ae 
Restenosis = 90% 16 54415 522215 NS 245+192 220+ 201 NS 10 (63) 6 (38) 
Treatment of infarction: x 
No thrombolysis 73 68214 63+13 <0.001 185+192 109+154 <0.001 36 (49) 35148) 
Thrombolysis 72 62411 65% 13 NS 118 + 154 75 + 131 0.012 24 (33) 30:42) 
Time infarction to PTCA ; 
> month 70 5713} 61+ 134 0.002 193 +199} 117+ 157t <0.001 35 (50) 32 (46) 
fess month 75 63211 66+ 12 0.013 113+ 145 69 + 127 0.005 25 (33) 33 (44) 
|) Angina pectoris 
OSL C$ 40 62+13 64413 NS 148 + 183 96 + 146 0.043 15 (38) 19 (48) 
ooo Stable 64 59414 63214 0.001 166+175 100+152 <0,001 30 (47) 31 (48) 
pe ‘Unstable 41. 6L211 65211. 0.008 133+ 175 76 + 129 0.030 15 (36) 15 (36) 
Significant {p <0.05) differences among subgroups: *no restenosis versus restenosis 2 90%; trestenosis > 50-250 vs > 90%; ts 1 vs > 1 month. 
Canadian Cardiovascular Society; NS: = not significant; other abbreviations as in Table |. 
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(290) than the initial: stenosis (>50 to <90%) (ejection 
fraction 59 + 16 to 51 + 14%, p = 0.05; and dyssyner- 
gic area 199 + 231 to 236 + 204, p= NS). 

Among 51 patients with restenosis, 24 of 26 had suc- 
cessful repeat Hes 5 underwent bypass surgery, and 
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FIGURE 1. Frequency distribution of improvement in ejection 
fraction by 25% (responder) versus <5% (nonresponder) with 
regard to initial degree of stenosis, PTCA = —— 
transluminal coronary angioplasty. 
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FIGURE 2. Changes of ejection fraction (EF) in patients with high-degree (290%) stenosis at baseline or follow-up. A, patients : 


`- follow-up. C, patients with initial stenosis <90% and severe restenosis (>90%) at follow-up. n.s. = not significant; PTC 
. cutaneous transluminal coronary angioplasty. 


the remaining patients were treated medically because 
they were free of symptoms. 

Thrombolytic therapy, time of infarction to PTCA, 
and degree of angina pectoris before PTCA and at fol- 
low-up are not independent factors in predicting out- 














follow up 


FIGURE 3. Changes of ejection fraction in patients with angi- 


tions as in Figure 2. 
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with initial stenosis >90% and no restenosis at follow-up. B, patients with initial stenosis 290% and restenosis (any degree) at 


ICA = per- 


come after PTCA. Improvement in LV function is de- 
pendent on baseline LV function and degree of stenosis. 
Changes in LV function are generally greater when 
baseline function is more reduced (Table II). 

In the case of angina before PTCA there was a sig- 
nificant improvement in LV function in stable and un- 
stable angina, but in patients without angina there 
was only a trend for ejection fraction to increase. 
Among these patients, 15 with a reduced baseline ejec- 
tion fraction of <60% improved ejection fraction from 
49 + 7% to 56 + 14% (p = 0.042) (Figure 3) and re- 
gional dyssynergic area from 322 + 185 to 183 + 164 
(p = 0.021). In 2 patients in whom ejection fraction 
decreased markedly, the vessel was subtotally or totally 
occluded at follow-up, 


DISCUSSION 

During the past decade, PTCA became the treat- 
ment of choice for angina pectoris in 1-vessel disease. 
Our study indicates that PTCA late after an acute myo- 
cardial infarction may improve LV function similar to 
surgical revascularization.'-3-!4 

It has been shown in patients without prior myo- 
cardial infarction that PTCA reduces exercise-induced 
ischemic LV dysfunction!®!* and does not change nor- 
mal LV function at rest (as in our control group),!'*!8 
whereas impaired LV function may improve.!®!%20 In 
patients with prior myocardial infarction, acute and 
long-term improvement of 2 reduced LV function has 
been reported in a small number of patients.?-!2 
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Elective percutaneous transluminal coronary angio- 
plasty after infarction: Statistical analysis showed that 

: the major determinants for long-term improvement in 
-LV function were an impaired LV function before 

PTCA, followed by degree of stenosis of the infarct- 
-related artery before PTCA and at follow-up. All clini- 
cal variables examined (including the various degrees of 
angina) had no effect on long-term outcome by them- 
selves. This means, for instance, that differences in 
long-term outcome between patients with and without 
thrombolysis are not related to the different therapeutic 
regimens, but are due to a better preserved LV function 
in those. treated by thrombolysis. The same is true for 
time between infarction and PTCA, and also for the 
various degrees of angina. 

In a comparative study of acute changes in LV 
function after PTCA in stable versus unstable angina, 
PTCA normalized only the reduced LV function at rest 
in unstable angina, whereas the normal function in sta- 
ble angina was not altered.2! We also included patients 

- with functional class 0-1. Although ejection fraction did 
‘not change significantly in this group, these patients 
benefited also from PTCA if baseline LV function was 
impaired (Figure 3). Surgical revascularization also im- 
proved LV function in patients with chronic coronary 
artery disease without angina pectoris, but with im- 
paired LV function.*? However, the usefulness of PTCA 
for asymptomatic patients needs to be clarified. 

PTCA implies the problem of restenosis. There are 
few data on the impact of restenosis on LV function. 
The reappearance of previously abolished wall motion 
‘-abnormalities'® has been noted, as well as improvement 
in LV function with restenosis, and no change with 
“ reocclusion.? 

~The overall nonsignificant change of ejection frac- 
tion in restenosis characterizes the problem of restenosis 
insufficiently. LV function may improve in cases with a 
moderate (<90%) restenosis, but decrease with a high- 
degree (290%) one, especially if the restenosis is worse 
than the initial stenosis (Table II and Figure 2). Fur- 
thermore, patients with an initial =90% stenosis but no 
restenosis had the largest improvement in LV function, 
whereas the changes varied in those with moderate re- 
stenosis (Figure 2). 

Hibernating myocardium: The amount of myocardi- 
al damage after infarction (presenting as asynergy in 
the LV angiogram) varies depending on duration of 
ischemia, residual anterograde perfusion through the 
culprit lesion, and collateral support. It ranges between 
“stunned” (delayed recovery after spontaneous restora- 
tion of blood flow), “hibernating” (recovery needs re- 
vascularization) and “embalmed” (irreversibly dead) 
myocardium.?3 Recovery of impaired LV function af- 
ter reperfusion of a totally occluded (10 of 13 patients 
are responders; Figure 1) or highly stenotic infarct-re- 
lated artery fits the concept of hibernating myocardi- 
um. 

Study limitations: This. study and others attribute 
< the observed improvement in LV function after PTCA 
to the procedure itself. However, improvement in LV 
~ function after acute myocardial infarction also occurs 
S #pontansousiy, but mainly in the first days, 24.25 and 








long-term improvement occurs in those with a low- 
grade stenosis.'3 In our study improvement by PTCA 
was observed in the “opposite” groups (ie., late after 
infarction and in high-grade stenosis). Furthermore, in 
unsuccessful PTCA, absence of LV improvement has 
been reported.'' Thus, spontaneous changes were proba- 
bly of minor importance, but final proof needs con- 
trolied studies. 

Clinical implications: Improvement in impaired LV 
function after myocardial infarction by PTCA of an in- 
farct-related artery late after the event may have some 
impact on future treatment of patients after infarction. 
However, the risks of PTCA should be considered. The 
predictive accuracy (65%) of the angiographic factors 
found (baseline LV function and degree of stenosis) 
may be improved by provocative measures to identify 
viable myocardium before intervention. Thus, prospec- 
tive controlled studies are needed (especially concerning 
preintervention identification of responders in terms of 
improvement in LV function) before therapeutic recom- 
mendations can be made. 
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Circadian Distribution of Onset of Acute 
Myocardial Infarction in Subgroups from 
Analysis of 10,791 Patients 
Treated in a Single Center 


Ole Hansen, MD, PhD, Bengt W. Johansson, MD, PhD, and Bo Gullberg, PhD 


A circadian variation of symptom onset in acute 
myocardial infarction (AMI) with an increased fre- 
quency in the late morning and possibly also in the 
evening has been found in several studies. It has 
been suggested that different circadian rhythms 
may exist in various subgroups of patients. This 
possibility was examined in a population of 
10,791 patients collected between 1973 and 
- 1987 in a continuously operating register of pa- 
tients with AMI in Malmö, Sweden. In 6,763 pa- 
tients (63%) in whom a distinct symptom onset 
could be established, symptom onset occurred 
with an increased frequency between 6:01 A.M. 
and 12:00 noon (30.6%) and between 6:01 P.M. 
and 12:00 midnight (26.9%). Similar bimodal cir- 
cadian rhythms were seen in patients aged >70 
years (n = 2,923), <70 years (n = 3,840), men (n 
= 4,528), women (n = 2,235), smokers (n = 
. 2,458), hypertensives (n = 1,999), diabetics {n = 
< 653), patients with (n = 1,872) and without (n = 
4,891) a history of previous AMI, and in patients 
with recent non-Q-wave AMI (n = 333). In 455 pa- 
tients receiving cardioselective 6 blockers the cir- 
cadian distribution did not differ from a random, 
whereas in patients taking nonselective £ blockers 
or calcium antagonists significant bimodal 
rhythms were found. Statistically significant inter- 
actions were found between symptom onset and 
age dichotomized at 70 years, and between pa- 
tients with and without a history of previous AMI. 
In a multivariate analysis only these variables (age 
</>70 years; + history of a previous AMI) were 
found to modify the circadian rhythm of symptom 
onset in the population. 
it is suggested that only minor differences in 
symptom onset between various subgroups exist 
within the same population, and that these differ- 
ences probably are unable to explain differences 
in circadian rhythm of symptom onset between dif- 
ferent populations. 
(Am J Cardiol 1992;69:1003-1008) 
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dial infarction (AMI) with an increased inci 

dence between 6:00 a.m. and noon has repeated- 
ly been reported in several publications during the last, 
decades.'~’ In some studies a secondary peak in the fre- 
quency of onset of AMI has been recognized in the late 
evening.'*45.7 The circadian variation is recognizable 
when the assessment of onset is based on patient report- 
ing of symptoms or on objective measures including se- 
rial analyses of creatine kinase. An excellent correlation 
between symptom defined and enzymatically assessed 
AMI onset has been demonstrated,** although the use 
of creatine kinase determinations seems to augment the 
circadian variation of AMI onset within a population.* 
Circadian distributions similar to that of AMI onset 
have been recognized also for deaths from hospitalized 
AMI,’ and for other clinical manifestations of coronary 
artery disease such as sudden cardiac death,’ symptom- 
atic or asymptomatic transient myocardial ischemia?:!° 
and ventricular tachycardia.'! Some studies have sug- 
gested that the circadian rhythm of AMI onset may be 
modified by several factors,+° but because the studies 
reported retrospective subgroup analyses based on rela- 
tively small samples of patients, their results may need 
confirmation by further studies. Malmö, the third larg- 
est city in Sweden with a stable and defined population 
of approximately a quarter of a million is unusually 
well-suited for epidemiologic studies,'* since the whole 
population is served by only 1 hospital for acute dis- 
eases. The present report is based on data collected in a 
register of AMI, which has been continuously operating 
in Malmö since 1972, and attempts to analyze the circa- 
dian distribution of AMI onset in different subgroups of 
patients already described in previous reports in order to 
confirm their findings, and examine if the circadian 
rhythm of AMI onset within a population is modified 
by different circadian patterns in various subgroups. 


A circadian variation of the onset of acute myocar- 


METHODS 

The study is based on the discharge register in the 
department of medicine. All medical records of patients 
living in Malmö with a discharge diagnosis of verified 
or suspected AMI have been reviewed.. Patients who 
died in the emergency room are included in the register, 
but not those dead on arrival. Only medical records ful- 
filling the following criteria for AMI have been includ- 
ed in the register: (1) central chest pain, lung edema, 
syncope or shock; (2) appearance of a pathologic Q 
wave in =2 leads, or (non-Q-wave AMI) appearance or 
reversion of ST-segment elevation followed by T-wave 
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| TABLE t Characteristics of Study Population and Patients 











Without Defined: Symptom Onset 
: i Patients Without Defined 
Study Population Symptom Onset 
Variable {n = 6,763) (n = 4,028) 
Age (mean + SD) 67.9 + 10.9 71.6 + 10.8 
Men 4,528 (67.0%) 2,369 (58.9%) 
Women 2,235 (33.0%) 1,659 (41.1%) 
Smokers 2,458 (36.3%) 739 (18.3%) 
History of hypertension: 1,999 (29.6%) 994 (24.7%) 
Diabetes mellitus 653 (9.7%) 419 (10.4%) 
Previous AMI 1,872 (27.7%) 1,003 (24.9%) 
Nonselective B blocker* 553 (8.2%) 256 (6.4%) i 
Selective B blocker* 455 (6.7%) 265 (6.6%) i 
Calcium antagonist* 446 (6.6%) 319 (7.9%) i 
Present non-Q-wave AMI 333 (4.9%) 275 (6.8%) | 














*Treatment on admission. 
AMI = acute myocardial infarction. 





inversion (12-lead serial electrocardiograms); (3) 2 as- 
partate aminotransferase (ASAT) values greater than 
the laboratory’s upper reference value (maximum ap- 
pearing approximately 24 hours after the onset of symp- 
toms) combined with increased alanine aminotransfer- 
ase values (maximum approximately 36 hours after on- 
set of symptoms and lower than the ASAT values), or 2 
lactate dehydrogenase values greater than the laborato- 
ry’s upper reference value (maximum of approximately 
60 hours after onset of symptoms and with an increase 
of isoenzymes I and II); or 1 elevated ASAT and 1 ele- 
vated lactate dehydrogenase value; (4) autopsy confirm- 
ing a diagnosis of myocardial infarction. 

Myocardial infarction at autopsy or 22 of criteria 1 
to 3 were required for a diagnosis of myocardial infarc- 
tion. The diagnosis of a non-Q-wave AMI required a 
typical electrocardiographic evolution as described pre- 
viously combined with both criteria 1 and 3. The classi- 
fication of a myocardial infarction as a first-time infarc- 
tion was based on the patient’s history and previous rec- 
ords. Reinfarctions within 28 days after first admission 
were not included as new cases. The medical records 
were examined by specially trained staff. All doubtful 
records were judged by a cardiologist. The validity of 
the case selection was checked continuously by a cardi- 


1,821 (26.9%) 
1,542 (22.8%) 
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ologist by examination of randomly. selected samples of 
included cases. The years 1973 to 1987. yielded 10,791 
infarctions — 6,897 in men and 3,894 in women. 

Patients in whom a reliable symptom onset could not 
be defined either because they had experienced recur- 
rent episodes of chest pain before admission or because 
AMI remained undiagnosed until autopsy, and those in 
whom symptom onset was not precisely stated in the 
files, were excluded from the present study; this left a 
study population of 6,763 patients (63%). Characteris- 
tics of the study population and the excluded patients 
are listed in Table I. 

Definition of subgroups: The continuous registration 
of AMI in the AMI register includes the collection of 
data relating to the patient’s social status, employment, 
prior medical! history, current medication, and the clini- 
cal course during the hospital stay. Before the analysis 
was performed, the following subgroups were defined: 
(1) patients >70 years; (2) patients <70 years; (3) men; 
(4) women; (5) active smokers at the time of AMI; (6) 
patients with former or current treatment of hyperten- 
sion, even without information on blood pressure level; 
(7) patients with a diagnosis of diabetes mellitus irre- 
spective of insulin dependency; (8) previous AMI ac- 
cording to history or prior medical records; (9).no pre- 
vious AMI according to medical history. or previous 
medical records; (10) current treatment with nonselec- 
tive 6 blockers; (11) current treatment with selective 8 
blockers; (12) current treatment with calcium antago- 
nists; and (13) present non-Q-wave AMI. 

Time of symptom onset: In all patients included in 
the study, the onset of AMI symptoms was stated in the 
files in 30-minute intervals. For calculations, the fre- 
quency of onset was tabulated for each hour in the day, 
beginning | minute after the previous hour, Further- 
more, the day was divided in four 6-hour periods as fol- 
lows: 12:01 am. to 6:00 A.M, 6:01 aM. to 12:00 noon, 
12:01 p.m. to 6:00 P.M, and 6:01 p.m. to 24:00 midnight. 

Statistical analysis: The circadian distributions of 
symptom onset in the entire study population and in the 
various subgroups were tested for uniformity by a chi- 
square test for goodness of fit. Uniformity was evaluat- 
ed by each hour, and within the four 6-hour periods. A 
peak in symptom onset was considered present if the 
percentage of onset within a 6-hour period exceeded 
25% of all AMIs in the same subgroup and if uniformi- 
ty could be rejected. In addition, a chi-square test based 
on a 2 by 4 contingency table, including the four 6-hour 
interval and the subgroups with and without the vari- 
able defining the subgroups, was performed in order to 
detect a possible interaction between AMI onset and 
the various subgroups. Finally, a multivariate analysis 
(polychotomous stepwise logistic regression) was used to 
evaluate if any of the variables used to define the vari- 
ous subgroups modified the circadian rhythm of symp- 
tom onset within the entire population. 


RESULTS 

The circadian distribution of symptom onset in the 
entire study population is shown in Figure 1 (each hour) 
and Figure 2 (6-hour periods). A major peak between 












































~. to. 16:00 p.m. and 9:01 p.m. to 10:00 p.m. can be identified. 
According to the statistical test of uniformity the circa- 
dian distribution differed significantly (p <0.001) from 
random. When symptom onset was computed by the 
four 6-hour periods, 2 peaks were identified, 1 between 
6:01 aM. and 12:00 noon (30.7% of all AMIs), and 1 
between 6:01 p.m. and 12:00 midnight (26.9% of all 
AMIs). 
» . In Table II the symptom onset within the 6-hour pe- 
iods is shown for the various subgroups. In all groups, 2 
ks each comprising >25% of all AMIs within the 
roup could be recognized in the late morning and in 
-the evening, respectively. In all subgroups, except in 
patients receiving treatment with a selective 8 blocker at 
the time of their AMI, uniformity could be rejected, 
indicating that a significant circadian rhythm was 
present. 

In patients aged >70 years, a significantly accentu- 

ated evening peak was found compared with patients 
=70 years (p = 0.007, test of independence), suggesting 
an interaction between symptom onset and age. An ac- 
centuated evening peak was found also in patients with 

“a history of previous AMI compared with patients with 
no history of previous AMI (p = 0.033, test of indepen- 

. dence). No significant interaction was found between 
symptom onset and treatment with a selective 8 blocker 
(p = 0.148, test of independence), or with any of the 
other variables defining the subgroups. 

The multivariate analysis performed in order to 
identify modifying factors of symptom onset confirmed 
that age dichotomized by 70 years (p = 0.007) and a 
history of previous AMI (p = 0.035) significantly modi- 
fied the circadian distribution of symptom onset within 
the entire population, whereas the effect of treatment 
with a selective 8 blocker did not reach traditional levels 
of statistical significance (p = 0.20). The other studied 

- -potentially modifying variables as defined by the sub- 
_ groups were without significant effect-on onset of symp- 
toms. 













| TABLE Il Percentages of Patients in the Subgroups in the Four 6-Hour Periods of Symptom Onset 
Time Period 1 
Subgroup 12:01--6:00 A.M. 6:01-12:00 Noon 12:01~6:00 PM. 6:01-12:00 MN p Value* J 
Allin = 6,763) 9.6 30.7 22.8 26.3 <0.001 
Age > 70 years (n = 2,923) 19.8 31.1 20.9 28.2 <0.001 
Age <70 years (n = 3,840) 19.5 30.3 24.3 25.9 < 0.001 
Men (n = 4,528) 19.9 30.1 23.5 26.4 <0,001 
Women (n = 2,235) 19.0 31.7 21.4 28.0 <0.001 
Smokers (n = 2,458) 20.3 29.2 23.6 26.9 <0:001 
History of hypertension {n = 1,999) 20.5 30.8 22.0 26.8 <0.001 
Diabetes mellitus (n = 653) 20.7 28.2 22.1 29.1 <0.01 
Previous AMI (n = 1,872) 9.5 28.6 22.7 29.2 < 0.001 
No previous AMI (n = 4,891) 19.7 314 22.8 26.1 <0.001 
Nonselective B blockers (n = 553)+ 20.4 28.6 21.9 29.1 <0.001 
Selective B blockers (n = 455)t 21.1 25.9 25.1 27.9 0,215 
Calcium antagonists (n = 446)t 20.9 31.2 20.2 278 <0.01 
Present non-Q-wave AMI (n = 333) 18.6 29.1 24.0 28.2 <0.05 
*Test af uniformity. 
+Treatment on admission. 
AMI = acute myocardial infarction; MN = midnight. 
7:01 AM. and 11:00 noon, and 2 minor peaks, 15:01 p.m. DISCUSSION 


In all subgroups in the present study, except in pa- 
tients taking selective 8 blockers, statistically significant 
bimodal circadian rhythms were found. This was in con- 
trast to previous reports, which claimed that in addition 
to treatment with 8 blockers the circadian pattern of 
AMI onset may be modified by age, gender, a history of 
hypertension and a history of prior AMI.> The influence 
of treatment with 8 blockers was studied by Willich et 
al, who found that. the morning peak was absent in 
patients receiving treatment with @ blockers before their 
AMI. In the study by Muller et alt the morning peak 
was also absent in patients taking 8 blockers, but the 
subgroup was small (135 patients) and subsequently the 
statistical power to detect a real difference was moder- 
ate (48%). Hjalmarson et al reported minor peaks in 
the late morning and in the evening in patients taking 6 
blockers, but according to the statistical test.of unifor- 
mity applied by them, the circadian rhythm was not sig- 
nificant. Thus, current treatment with 6 blockers at the 
time of AMI onset is associated with a diminished 
morning peak, but no previous study has considered the 
possibility of differences between cardioselective and 
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FIGURE 2. The circadian distribution of symptom onset in 
6,763 patients (6-hour periods). 
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nonselective a blockers i in that rapet. The a num 


ber of patients in the present study allowed us to ana- 
lyze the circadian distribution of AMI onset separately 
in patients receiving cardioselective and nonselective 8 
blockers without the loss of an adequate statistical pow- 
er; we found a statistically significant 2 peak distribu- 
tion in patients taking a nonselective 8 blocker, whereas 
in patients treated with a cardioselective 6 blocker AMI 
onset did not differ significantly from random. 

A lack of circadian variation at onset has been re- 
-ported for non-Q-wave AMI in the Diltiazem Reinfarc- 
tion Study,!> but in the study by Hjalmarson et alf a 
peak was seen in the evening. In the present study we 

ized both a morning and evening peak, and we 
were unable to find any significant interaction between 
the 6-hour intervals of AMI onset and patients with and 
without present non-Q-wave AMI. Part of the discrep- 
ancy in the findings can be explained by differences in 
the definition of a non-Q-wave AMI; many small non- 
Q-wave AMIs that would have been detected had we 
included creatine kinase in our diagnostic criteria may 
have been classified as angina pectoris in this study. The 
fact that only 4.9% of all AMIs in our study were classi- 
fied as non-Q-wave AMI in contrast to 20% in the study 
by Hjalmarson et al° and 40% in the study by Muller et 
al* supports our belief that major differences in case 
ascertainment exist between the studies. 

We believe it is reasonable to interpret the results of 
subgroup analyses of AMI onset with at least the same 
caution as that used when the results of subgroup analy- 
ses in clinical trials are interpreted.'4 This is especially 
true when remarkable results are found in some sub- 
groups. In most of our subgroups a circadian rhythm 
similar to that seen in the whole study population was 
found; this was not seen in the study by Hjalmarson et 
al. The different results of the 2 studies may partly be 
due to differences in the definition of subgroups and the 
limitations of subgroup analyses previously discussed. 
However, these discrepancies might possibly be due to 
the selection of the study populations. In the study by 
Hjalmarson et al, the study population was recruited 
from 6 different centers on 2 continents. The contribu- 
tion from each center differed considerably. Patients 
~ were excluded if they failed to sign an informed consent, 
or were in need of coronary bypass surgery within the 
first week. In the present study we included patients col- 
lected in an AMI register continuously operating since 
1972. These patients are representative of all hospital- 
ized AMI patients ina community with only 1 hospital 
serving a stable and defined population of approximate- 
ly 230,000 inhabitants. We had to exclude a substantial 
part of the patients in whom the symptom onset could 
not be exactly assessed. A major portion of these pa- 
tients had experienced recurrent episodes of chest pain 
before admission, and in that way they differed from 
; the study population. The excluded patients also had a 
higher in-hospital case fatality. This higher case fatality 
may be due to selection mechanisms, since most of the 
deaths could have occurred soon after admission and 
before a proper medical history with distinct informa- 
tion of symptom onset was obtainable. Furthermore, pa- 





tients in whom AMI remained eed until autop- 


sy were excluded. 

The reason(s) for the circadian distributions of man- 
ifestations of coronary heart disease is not satisfactorily 
established, but it has been suggested that the morning 
peak may be causally related to other known physiolog- 
ic circadian rhythms. The morning hours are character- 
ized by an increase in the activity of the sympathetic 
nervous system, and an increased, although decreasing, 
cortisol secretion. Although the circadian rhythm of 
cortisol secretion seems independent of daily activity, 
the increase in sympathetic activity may possibly be re- 
lated to the rest-activity cycle; it has been shown that 
after adjustment for time of awakening, infarct onset! 
and episodes of transient myocardial ischemia? follow 
awakening. The increased sympathetic activity after 
awakening results in increased levels of circulating 
adrenaline, with increases in heart rate, blood pressure!® 
and coronary vascular tone, which may not only shift 
the relation between myocardial oxygen demand and 
oxygen supply in a disadvantageous way, but also facili- 
tate rupture of coronary arteriosclerotic plaque and 
initiate thrombus formation. Furthermore, thrombus 
formation or propagation may occur more easily during 
the morning hours because fibrinolytic activity is low 
(although increasing) and platelet aggregability in- 
creases after awakening and assuming the upright posi- 
tion.! 

In the present study the morning increase in AMI 
onset was blunted only in patients taking cardioselective 
but not nonselective 6 blockers. If this striking differ- 
ence between the 2 subgroups is true, one can speculate 
whether the difference is due to differences in the 8 
blockade, per se, or to other differences between pa- 
tients. In the multivariate analysis we found age dichot- 
omized at 70 years and a history of previous AMI as 
the only significant modifiers of AMI onset. There were 
no significant differences between the patients receiving 
cardioselective and nonselective 8 blockers with respect 
to these 2 modifiers of AMI onset, which might suggest 
a difference between cardioselective and nonselective 6 
blockers in their ability to prevent morning increase in 
AMI onset. Although the postulated difference between 
cardioselective and nonselective @ blockers should be 
confirmed by other studies, one might speculate at the 
possible reasons for such a difference: Known differ- 
ences in the actions of cardioselective and nonselective 8 
blockers in situations with increased circulating adrena- 
line should be considered. In healthy volunteers infused 
with adrenaline at a rate to achieve serum concentra- 
tions comparable to those seen in patients with AMI, 
pretreatment with a nonselective but not a cardioselec- 
tive 8 blocker resulted in an increase in diastolic blood 
pressure, probably due to an unoppossed a receptor-me- 
diated vasoconstriction.'® This pressor effect of nonse- 
lective 8 blockade has been observed not only in healthy 
volunteers, but also in hypertensive patients during ordi- 
nary environmental stress; such stress probably. in- 
creases the myocardial oxygen demand, compared with 
the situation with cardioselective @ blockade. Also, it 
has been suggested that the nonselective 8 blocker pro- 
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pranolol may potentiate coronary vasoconstriction in 
patients with coronary artery disease during cold pres- 
: -sor testing.?° The importance of the increase in myocar- 
dial oxygen demand or decrease in oxygen supply in the 
late morning, probably secondary to increased sympa- 
thetic activity, is emphasized by the observation that the 
number of angina attacks in patients with stable angina 
and the number of symptomatic or asymptomatic epi- 
sodes of myocardial ischemia also peak in the late 
morning, coincident with the peak period of AMI on- 
set.?!° It appears that the increase in myocardial oxy- 
gen demand is of greater importance than the increase 
in-platelet aggregability during the morning increase in 
myocardial ischemia (the cardioselective 8 blocker me- 
toprolol may reduce the frequency of transient ischemic 
events in the morning hours?!.2* without affecting the 
concomitant increase in platelet aggregability2”), More- 
over, the cardioselective 8 blocker atenolol has been 
shown to reduce both total number and duration of 
asymptomatic and symptomatic ischemic episodes in 
patients with angina,” whereas in the study by Taylor 
‘et al*4 treatment with 8 blockers (no distinction between 
_ cardioselective and nonselective was done) was not asso- 
ciated with a changed circadian rhythm of angina at- 
tacks compared with such attacks in patients taking no 
B blockers. 

It is probable that platelet aggregability may be of 

greater importance during the morning increase in AMI 
incidence, because the presence of an occlusive throm- 
bus is a frequent finding in AMI. However, although 
the platelet aggregation inhibitor aspirin may prevent 
(1,256 its potential in blunting the morning increase 
AMI needs further confirmation. In the Physicians’ 
ealth Study, no circadian rhythm in AMI onset was 
` seen in a subset of 75 patients taking aspirin at the time 
of their AMI.” The greatest reduction in AMI inci- 
dence attributable to aspirin was found between 4 A.M. 
and 10 aM, but even in a I-tailed statistical test, this 
reduction was not significantly different from the mean 
reduction seen in other periods.of the day. 

The reasons for the evening peak in AMI onset are 
not clear, but because approximately 70% of all AMIs 
occur at other times of the day than the late morning, it 
is probable that AMI triggering factors, related or unre- 
lated to the physiologic parameters already discussed, 
-exert their effects through all hours of the day.” Re- 
cently, Muller et al? summarized several potentially 
triggering daily activities, and have advanced the hy- 
pothesis that the evening peak may represent a synchro- 
nization of the population for an additional trigger such 
as the evening meal. In addition, it has been reported 
that the assumption of the supine position with elevation 
of cardiac filling pressure is associated with nocturnal 
ischemia,” and in this connection it is interesting that 
„Hjalmarson et al’ found a prominent evening peak in 
AMI onset in patients with a history of congestive heart 
failure. One can speculate whether such.a mechanism is 
partially responsible for the significantly accentuated 
-evening peak seen in the present study in patients older 
“than age 70 years, and in patients with a history of pre- 
vious AMI, since these patients are probably. more apt 





to have congestive heart failure than patients from the 
complementary subgroups. 

In summary, our study suggests that different. circa- 
dian patterns of AMI onset in various subgroups of pa- 
tients may modify the circadian rhythm of AMI onset 
within a population, but the differences in AMI onset 
between subgroups of patients might be less than previ- 
ously anticipated, and might explain only a minor part 
of the difference in circadian rhythm of AMI onset be~. 


tween different populations; thus, factors influencing = 


the selection of the study population may be of impor- 
tance. 
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RACHO 
ravastatin sodium 2 


distinct new option 
cholesterol management 


r primary hypercholesterolemia i 
hen diet alone is inadequate 


® Consistently and significantly reduces total C and LDL-C 

ti Positively affects other key lipids 

@ Excellent safety and tolerability profile 

@ True once-a-day dosing with or without food 

@ Prescribed for more than 1,000,000 patients worldwide’ Bite 

@ Studied in over 13,000 patients worldwide in clinical research" LET 


@ New hydrophilic structure; the clinical effect of hydrophilicity, 
if any, has not been established 


® Administered in the active form tA 


PRAVACHOL? is indicated as an adjunct to diet for the reduction of — 
elevated total and LDL-cholesterol levels in patients with primary 
hypercholesterolemia (Types [la and IIb) when the response to diet - 
alone has not been adequate. a Er i 


Please see CONTRAINDICATIONS, WARNINGS, PRECAUTIONS, and ADVERSE REACTIONS 
in the brief summary of prescribing information on the final page of this advertisement. 
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Consistently and significantly reduces 
atherogenic LDL-C. Increases beneficial HDL-C.’ 


Mean percentage change from baseline after 


8 weeks of treatment with 10-40 mg of pravastatin* R 


Total C Triglycerides 


Increase 


Decrease 


11-24% 


*Each bar represents a range of means derived from a single placebo-controlled 
study that included 55 patients treated with pravastatin. 


Pharmacology and metabolism 
 @ PRAVACHOL’ is administered in the active form 


@ PRAVACHOL is hydrophilic; the clinical effect 
of hydrophilicity, if any, has not been established 

@ PRAVACHOL is selective to the primary site of cholesterol 
synthesis, the liver 


@ /n vitro studies demonstrated that pravastatin is transported into 
hepatocytes with substantially less uptake into other cells 


Please see CONTRAINDICATIONS, WARNINGS, PRECAUTIONS, and ADVERSE REACTIONS 
in the brief summary of prescribing information on the final page of this advertisement. 
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Possibly associated myopathy in only 1 patient 
in clinical trials (n>13,000)" 


Consider myopathy in any patient with diffuse muscle pain, tenderness, 
or weakness, particularly with malaise or fever. Advise patients to 
promptly report these symptoms. Discontinue pravastatin if myopathy 
is diagnosed or suspected. 


In clinical studies, significant elevations of liver 
enzymes have been uncommon 


@ Increases in serum transaminase (greater than three times the 
upper limit of normal on two or more occasions) were seen in 
1.3% of patients treated over an average of 18 months 


@ Elevations were generally reversible over time in patients 
discontinued from pravastatin; patients with biochemical 
findings were usually asymptomatic 


@ Active liver disease or unexplained transaminase elevations are 
contraindications to the use of pravastatin 


@ Liver function should be monitored before treatment and at 
recommended intervals—every 6 weeks for the first 3 months, 
every 8 weeks for the remainder of the first year, and periodically 
thereafter (e.g., at about 6-month intervals) 


*A second patient developed myopathy when clofibrate was added to a previously well-tolerated regimen 
of pravastatin; the myopathy resolved when clofibrate therapy was stopped and pravastatin treatment 
continued. The use of fibrates alone may occasionally be associated with myopathy. The combined use of 
pravastatin and fibrates should generally be avoided. 


Please see CONTRAINDICATIONS, WARNINGS, PRECAUTIONS, and ADVERSE REACTIONS 
in the brief summary of prescribing information on the final page of this advertisement. 
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Low incidence of side effects 








Adverse clinical events attributed to study drug: 


PRAVACHOL” Placebo 
= (n=411) 





Headache 
Cardiac chest pain 
Rash 

- Nausea/ vomiting 

` Diarrhea. 
Abdominal pain 
Constipation 
Flatulence 
Heartburn 
Fatigue 
Chest pain 
Localized pain Ý 
Myalgia Ms 
Dizziness P 
Urinary abnormality % 
Rhinitis ee 
Cough pee bs g ie pA 
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*Statistically different from placebo 
Discontinuation rate from pravastatin (1.7%) was not statistically 
4 pet from that of placet (1.2%). 


‘Please see CONTRAINDICATIONS, WARNINGS, PRECAUTIONS, and ADVERSE REACTIONS in the 
brief summary of prescribing information on the final page of this advertisement. 
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Provides an exceptionale 
regimen in cholesterol management 
—once-a-day bedtime dosing — 


PRAVACHOL?’ offers true once-a-day dosing 
at bedtime, with or without food. 


Usual dose: 20 mg at bedtime, 
with or without food 


Dosage range: 
10-40 mg. Available in 10 and 20 mg tablets. 


Excellent monotherapy for a wide range of patients 


PRAVACHOL is suitable for patients with primary hypercholester- 
olemia (Types IIa and IIb) with a cholesterol-lowering diet when diet 
alone has not been adequate. 


Please see CONTRAINDICATIONS, WARNINGS, PRECAUTIONS, and ADVERSE REACTIONS 
in the brief summary of prescribing information on the final page of this advertisement. 


References: 1. Data on file, Bristol-Myers Squibb. 2. Jones PH, et al pve Hai pravastatin in patientswith primary 
hypercholesterolemia: a dose-response study. Clin Cardiol. ae 14:146- 
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tie percentages ol patiant in whom hese medical events were believed to be related or possibly related to te 
@ drug: Oe 
All Events % Events Attributed to Study Drug %: 
ravastatin favestatin 
Body System/Event 'N=900) (N=41f (N=900 Next} 
Cardiovascular 
Cardiac Chest Pain 40 34 Q1 0a 
Dermatologic 
Rash 40° 41 13 09 
Gastrointestinal 
Nausea/Vomiting 73 74 29 34 
Diarrhea 62 56 20 19 
Abdominal Pain 54 69 20 39 
Constipation 40 7A 24 5.1 
Flatulence 33 36 27 34 
Heartburn 29 19 20 07 
General 
Fatigue 38 3.4 19 10 
Chest Pain 37 19 C3 Q2 
Influenza 24 07 co 0.0 
Musculoskeletal 
Localized Pain 10.0 90 tå 15 
Myaigia 27 10 06 0.0 
Hoar ae 62 39 17" 02 
33 32 10 05 
RenalGentourinary 
Urinary Abnormality 24 29 Q7 1.2 
Common Cold 70 63 0.0 00 
Rhinitis 40 41 01 00 
Cough 26 17 0.1 0 


“Statistically significantly different from placebo. 
The following effects have been reported with drugs in this class: 
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OVERDOSAGE : 
There have been no reports of overdoses with pravastatin. 3 
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/ : Effects of Left Ventricular Dysfunction on the 
_ Circadian Variation of Ventricular Premature 
-Complexes in Healed Myocardial Infarction 


_ Anne M. Gillis, MD, Robert W. Peters, MD, L. Brent Mitchell, MD, Henry J. Duff, MD, 
Margot McDonald, BN, and D. George Wyse, MD 


Circadian variation in the onset of cardiovascular 


‘events including sudden cardiac death, myocardial 
infarction and ventricular arrhythmias has been 
‘described. The effect of left ventricular (LV) dys- 


- function on the circadian variation of ventricular 


‘premature complex (VPC) frequency was evaluat- 
- ed in 132 patients with frequent VPCs and re- 
duced LV function after myocardial infarction. Pa- 
tients were prospectively divided in 2 groups 
based on LV ejection fraction (EF) (those with 
< LVEF <0.30, and those with LVEF between 0.30 
and 0.45). Median hourly VPC frequencies and 
heart rates were compared between the 2 groups. 
Subgroup analyses based on treatment with 6- 
. adrenoceptor blocking agents and on New York 
Heart Association functional class were also per- 
formed. 
in-patients with LVEF >0.30, a distinct circadi- 
an variation of VPCs, and the expected morning 
_ increase in VPC frequency were present. In con- 
fe trast, a distinct circadian variation of VPCs was 
-absent in patients with LVEF <0.30. A circadian 
variation of VPC frequency was also absent in pa- 
tients with severe symptomatic congestive heart 
failure (New York Heart Association class II-IV). 
Treatment with §-adrenoceptor blocking agents 
was associated with a loss of the circadian varia- 
tion of VPC frequency. The circadian variation of 
heart rate was also blunted in the group treated 
with §-adrenoceptor blocking agents. The propor- 
tion of subjects manifesting a positive correlation 
between heart rate and VPC frequency was lower 
` in subjects with LVEF <0.30 (26%) than in those 
with LVEF >0.30 (46%) (p <0.05). Thus, circadi- 
an variation of VPC frequency is absent in pa- 
tients with severe LV dysfunction. 
(Am J Cardiol 1992:69:1009-1014) 
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events including sudden cardiac death, acute 

myocardial infarction, transient myocardial isch- 
emia and thrombotic stroke has been previously de- 
scribed.!~+ The greatest number of these cardiovascular 
events occur during the midmorning. In some data sets, 
some events (i.e., acute myocardial infarction) show a 
second peak in event frequency in the evening.*> The 
frequency of ventricular premature complexes (VPCs) 
and ventricular tachycardia has also been reported to 
demonstrate a pattern consisting of a daytime peak and 
nighttime nadir.5-8 It has been suggested that increased 
sympathetic tone associated with awakening or assum- 
ing the upright posture, or both, may be an important 
determinant of the variation in frequency of these car- 
diovascular events.”!? This latter rationale is supported 
by the observation that 8-adrenoceptor blocking agents 
prevent or blunt the mid-morning peak of acute cardiac 
events.'!:!2 Circadian variations of heart rate and blood 
pressure are also blunted in the settings of autonomic 
dysfunction? and chronic congestive heart failure.'4 
The latter association may be mediated in part. by in- 
creased circulating catecholamines associated with the 
heart failure syndrome.'> Changes in VPC frequency 
are associated with those in heart rate,'6!7 but it is not 
known whether this association is dependent on changes 
in autonomic tone. The present study explores further 
the determinants of circadian variation of VPC frequen- 
cy, especially left ventricular (LV) dysfunction. 


Cre variation in the onset of cardiovascular 


METHODS 

Study population: The study population comprised 
132 consecutive patients (114 men and 18 women, 
mean age 63 + 9 years) with a previous myocardial 
infarction, reduced left ventricular (LV) ejection frac- 
tion (EF) $0.45 and frequent VPCs (215/hour) doc- 
umented by 24-hour ambulatory electrocardiography 
within 1 year of the index myocardial infarction. No 
patients were receiving class I or HI antiarrhythmic 
drugs at the time of ambulatory electrocardiographic 
monitoring. Patients were prospectively divided in 2 
groups based on LVEF: those with LVEF £0.30, and 
those with LVEF between 0.30 and 0.45. 

Ambulatory electrocardiographic monitoring: A 2- 
channel recording with a minimum of 20- hours of ana- 
lyzable data was obtained an average of 77 + 84 days 
after admission for the index myocardial infarction. Re- 
cordings were analyzed by computer (Cardiodata Mark 
IV or Delmar Avionics 750A) with a manual overread 
by an experienced electrocardiographic technician. As 
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[ TABLEL Clinical | Characteristics 





LVEF <0. 30 LYEF > 0.30 
(%) (1%) 
F Sex.(men/worsen) 42/11 (79/21) 7217 (91/9)* 
Age (yt) 63 + 10 6249 
. Left ventricular ejection 0.24 + 0.05 0:37 + 0.044 
fraction 
Time after MI (days) 77+ 76 77 + 89 
Drug therapy 
Digitalis 16 (34) 11 (14)* 
Q-blockers 9 (19) 19 (24) 
Calcium antagonists 22 (47) 41 (52) 
Clinical CHF§ 
None 35 (68) 56 (72) 
NYHA |~il 10 (20) 14 (18) 
NYHA -V 6 (12) 8 (10) 





*p <0.05; tp <G.001, 
Drug therapy s data not available for 6 patients with LVEF < 0.30and for 1 patient 
with LVEF > 0.3 
§NYHA class i available in:3 patients. 
CHF = congestive heart failure; LVEF = left ventricular ejection traction; NYHA = 





‘myocardial infarctior before 24-hour ambulatory monitoring. 





| York Heart Association functional class; Time after MI = number of days after 





part of quality control procedures, electrocardiographic 
technicians were periodically required to read manually 
counted “gold standard” tapes. The accuracy for total 
VPC counts by technicians at the two centers was +7%. 
Hourly determinations of VPC frequency were nor- 
„malized to 60 minutes based on the actual hourly analy- 
sis time. Hourly VPC frequency and heart rate were 
determined for each patient. 









MEDIAN HEART RATE 





60 $ EF < 0.30 


O EF > 0,30 





80 





MEDIAN VPCs/hr 





FIGURE L Naik isesly idiak haart rete Sor patieris aerarii 
‘tt and S030 open square Botton ‘EF -<0.30 (black 


Pe cording 1o leht vetrcaar EF. Curves are te of data to 2-har : 





“Analysis of left ventricular function: LVEF was de- 
termined by radionuclide ventriculography with the use- 
of the gated equilibrium technique in 111 patients, by 
contrast ventricular angiography in 6 and by echocardi- © 
ography in 15. Patients were also examined by 1 investi- 
gator for determination of the presence or absence of 
clinical congestive heart failure and for assignment of 
New York Heart Association functional class. 

Data analysis: To correct for skewed distributions 
and unequal variances, VPC frequency and heart rate 
data are presented as median values. Differences in 
VPC frequencies and heart rates were compared be- 
tween the 2 LVEF groups. The influence of New York 
Heart Association functional class, and the use of 8- 
adrenoceptor blocking agent therapy were. assessed. by 
subgroup analysis. Chronobiologic analysis of hourly 
VPC frequencies and heart rates used 2-harmonic re- 
gression analysis (equation 1)!8; 





2nt es 2nt 

VPC or HR = A — B cos 4 “sin 3a 
4nt art ‘i 
D cos 57 ~ E sin 33 (1) 


where t = time of day (hours), VPC = ventricular pre- 
mature depolarization frequency /hour, and HR = heart 
rate. 

The relation between heart rate and VPC frequency 
for individual patients was also evaluated. Linear re- 
gression analysis was applied to log (VPC + 1) versus 
heart rate for each patient who was then categorized as 
having a positive or negative log-linear correlation, or no 
correlation between arrhythmia frequency and heart 
rate. 

Statistical analysis: Median data are presented for 
heart rate and ventricular depolarization frequency. 
Other data are presented as mean + standard deviation. 
Differences between groups were compared by the Wil- 
coxon rank sum test, unpaired 7 test or chi-square meth- 
ods, as appropriate. The goodness of fit of the regression 
analysis of the cosinor function was assessed by the chi- 
square test. A 2-tailed p value <0.05 was considered 
significant. 


RESULTS 

Study population: Of the 122 patients with frequent 
VPCs and LV dysfunction after a recent myocardial in- 
farction, 53 had LVEF <0.30. Their clinical character- 
istics and those of the remaining 79 patients with LVEF 
>0.30. are listed in Table I. Patients with lower LVEF 
were more likely to be women and receiving digoxin (p 
<0.05). Otherwise, the clinical characteristics of these 2 
groups of patients were similar. 

Circadian variation of ventricular premature. com- 
plexes and left ventricular ejection fraction: A distinct 
diurnal variation of heart rate (described by a 2-har- 
monic cosinor function) was cbserved in each group 
(Figure 1). No significant differences in hourly heart 
rates were observed between these 2 groups. A distinct 
circadian variation of VPC frequency, and the expected 





morning increase in YRC mumy was is observed i in the 
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_ squares). Bottom, hourly median 





: group with LVEF >0.30. ine contrast, a significant vari- 
- ation of VPC frequency. during the 24-hour monitoring 
. period was not observed in the group with LVEF 
$0.30. The median hourly VPC frequency was not re- 
_ lated to time of day in this group. 

These patterns of diurnal variability become more 
_ distinct if patients receiving 6-adrenoceptor blocking 
agents are excluded from the analysis. Hourly median 

heart rates and VPC frequencies for the 2 LVEF groups 
‘excluding patients receiving -adrenoceptor blocking 
therapy are shown in Figure 2. Median hourly heart 
rates and their circadian pattern were similar between 

‘the 2 LVEF groups. However, the daytime VPC fre- 
` quency was significantly greater in the group with 

“LVEF >0.30 (p <0.05), whereas no circadian variation 

-of VPC frequency was evident in the other group (Fig- 
ure 2, bottom). 

_ Relations between heart rate and ventricular pre- 
‘mature complex frequency: There are 3 possible rela- 

tions between heart rate and VPC frequency: a positive 
‘or negative correlation, or no correlation. Individual ex- 

amples of positive and negative correlations of the rela- 

tion between heart rate and VPC frequency are shown 
in Figure 3. The relations between heart rate and VPC 
frequency for the 2 LVEF groups are shown in Table 
II. The proportion of patients manifesting a positive re- 
lation between VPC frequency and heart rate was sig- 
nificantly greater in the group with LVEF >0.30 (p 
~ <0.05). 















w 90 NO B-BLOCKERS 
fot 

fd 

p 

x 

S 98 

x= 

z 

< 

m 

= 60 @ EF<0.30 





o EF>0.30 


50 








MEDIAN VPCs/hr 


TIME (hr) 


FIGURE 2. Top, hourly median heart rate tor patients not re- 
| -ceiving B-adrenergic blocking agents based on left ventricular 
ejection fraction (EF): EF <0.30 (black dots) and >0.30 (open 

ventricular premature com- 
(VPC) frequency for patients not 
agents 


: data to 2-harmonic cosinor function. 


receiving §-adrenergic 
based on left ventricular EF. Curves are fits of : 
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TABLE Il Linear Regression Analysis of Log (ventricular = 


premature complex + 1) and Heart Rate 








LVEF <0.30 LVEF > 0.30. 
(n = 53) (n = 79) 
Positive correlation 14 (26%) 36 (46%) 
Negative correlation 6 (11%) 9 (11%) 
No correlation 33 (63%) 35 (43%) 





Chi-square = 6.19; p <0.05, 
LVEF = left vantriculee ejection fraction. 








Circadian variation of ventricular premature com- 
plexes and congestive heart failure: To further evaluate 
the effects of LV dysfunction on circadian variation 
of VPC frequency, differences in hourly heart rates 
and VPC frequencies were compared between 115 pa- 
tients with or without minimally symptomatic conges- 
tive heart failure (New. York Heart Association func- 
tional classes I and I) and 14 with more significantly 
symptomatic congestive heart failure (classes IIT and 
IV). The median hourly heart rates for the New York 
Heart Association functional class I-H and IH-IV pa- 
tients are shown in Figure 4 (top). A circadian variation 
of heart rate is evident in both groups, although the 
magnitude of the variation is blunted in the subgroup 
with class [I-IV heart failure. In this. subgroup, heart 
rates tended to be greater during the nocturnal hours 
(2400 to.0300) than they were in patients with class 
I-II heart failure (p <0.09). A circadian variation of 
VPC frequency was present in patients without heart 
failure or with class I-II heart failure (Figure 4, bot- 
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tom). However, the opened ircadian devi increase : 
in VPC frequency was absent in patients with class- 
II-IV heart failure. Furthermore, the median hourly. 
VPC frequencies were signifi cantly lower during the 
day (1000 to 2400 hours) in patients with class I-IV 
heart failure than in those with class I-II (p <0.05): 
Circadian variation of ventricular premature com- 
plexes and §-adrenoceptor blocking agents: The medi- 
an hourly heart rates for patients receiving 6-adrenocep- 
tor blocking agents and for those not receiving this ther- 
apy are shown ir Figure 5 (top). A circadian rhythm of 
heart rate is evident in both groups, although its magni- 
tude is blunted in the group receiving 8-adrenoceptor 
blocking agents. Heart rate was significantly lower 
throughout the day in patients receiving 8-adrenoceptor 
blocking agents than in those not receiving this therapy 
(p <0.05). The median hourly VPC frequencies for pa- 
tients receiving 6-adrenoceptor blocking agents and for 
those not receiving these drugs are shown in Figure S 
(bottom). The expected circadian variation of VPC fre- 
quency was evident in the group not receiving 6-adreno- 
ceptor blocking agents. In contrast, no distinct circadian 
rhythm of VPC frequency was observed in the group 
receiving -adrenoceptor blocking agents. The median 
hourly VPCs were significantly higher during the day 
(0900 to 2200 hours) in patients not receiving 6-adreno- 
ceptor blocking agents than in those receiving this ther- 
apy (p <0.05), 


DISCUSSION 

The major new findings of the present study are as 
follows: (1) The expected circadian variation of VPC 
frequency is absent in patients with significant LV dys- 
function after a recent myocardial infarction, and (2) 
the usual relation between changes in heart rate and 
changes in VPC frequency is altered in patients with 
significant LV dysfunction. We also confirmed that 8- 
adrenoceptor blocking agents eliminate the expected 
circadian variation of VPC frequency.'? These observa- 
tions support the contention that autonomic tone is an 
important factor modulating circadian rhythms. 

Circadian variation of ventricular premature com- 
plexes: There are conflicting reports concerning the cir- 
cadian variation of VPC frequency. Some investigators 
reported a decrease in VPC frequency during sleep,®!” 
whereas others reported an increase in VPC frequency 
during sleep.?®?! Furthermore, other investigators noted 
no difference in VPC frequency with sleep-wake or 
day-night intervals.'’2? The present study identified at 
least. 2 variables that may explain these conflicting re- 
ports: presence of significant LV. dysfunction or use of 
B-adrenoceptor blocking agents, or both. 

Circadian variation of ventricular premature com- 
plexes and ventricular function: The circadian variation 
of many cardiovascular functions and events (including 
heart rate, blood pressure and time of onset of myocar- 
dial infarction) have been reported to be altered-in pa- 
tients with congestive heart failure.>!4 Although the 


~ mechanism(s) of this interaction may be multifactorial, 
neurohumoral factors should be considered. Plasma cat- 


echolamine | levels manifest a circadian ` variation Nith : 
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` low levels at night, which increase on assumption of the 
upright posture.?!°23 Severe congestive heart failure is 
_ characterized by increased plasma catecholamines and 
__ B-adrenoreceptor down-regulation.'>.4 Persistent eleva- 
tion of circulating catecholamines throughout the 24- 
- hour period in patients with significant LV dysfunction 
could account for our observation of the absence of cir- 
eadian variation in ventricular arrhythmia frequency in 
those with heart failure. Alternatively, reduced para- 
sympathetic tone during the nocturnal period may ex- 
- plain the loss of circadian variation of VPC frequency in 
_ patients with severe LV dysfunction. In normal subjects, 
«heart rate during sleep is predominantly controlled by 
“parasympathetic nervous system activity, except during 
episodes of rapid eye movement sleep.” However, para- 
sympathetic activity is significantly reduced in patients 
with severe ventricular dysfunction after myocardial in- 
farction.”®2’ Loss of the nighttime predominance of 
- parasympathetic activity may contribute to these al- 
tered circadian rhythms. 
coo The patients with LVEF <0.30 and those with New 
York Heart Association functional class III-IV symp- 
toms of heart failure tended to have fewer VPCs per 
hour than did the group with less severe LV dysfunc- 
tion. Previous investigators reported that a greater pro- 
portion of patients with LVEF <0.30 have more fre- 
quent VPCs (>10/hour) than do those with a higher 
LVEF. However, in the present study, only patients 
with VPCs of 215/hour were included. Thus, this selec- 
tion criterion may explain the higher VPC frequency 
observed in patients with less severe LV dysfunction. 
_. Other factors such as the use of digitalis? or angioten- 
_ sin-converting enzyme inhibitors’? in the low LVEF 
_ group may have contributed to a reduction in VPC fre- 
quency. 

Relations between heart rate and ventricular 
premature complex frequency: The relations between 
heart rate and VPC frequency were previously de- 
scribed by several investigators.!6!7 The most frequently 
observed relation was an increase in VPC frequency 
with increasing heart rate. We observed such a relation 
in 46% of patients with LVEF >0.30. However, only 
26% of patients with LVEF <0.30 had this type of rela- 
tion. This suggests that the relation between heart rate 
and VPC frequency is altered in the presence of ventric- 
ular dysfunction. The mechanism of this altered relation 
is not evident from our data. However, potential expla- 
nations include changes in autonomic nervous system 
activity?" and nocturnal hypoxemia?! in patients with 
heart failure. 

Circadian variation of ventricular premature com- 
plex frequency and §-adrenoceptor blocking agents: 
The present study demonstrates that the circadian vari- 
ation of heart rate is blunted and that the circadian 
variation of VPC frequency is eliminated in patients re- 
ceiving ®-adrenoceptor blocking therapy. This obser- 
vation confirms previous reports that §-adrenoceptor 
blockers prevent the midmorning peak of ventricular ar- 

_ thythmias''? and suggests an important contribution 
_ of the sympathetic nervous system to the circadian vari- 
_ ation of cardiovascular events. 





Absence of physical activity could blunt circadian 
variations in patients with congestive heart failure. To 
minimize this potential in the present study, 24-hour 
electrocardiographic. examinations. were performed on 
ambulatory outpatients. Furthermore, we observed a 
prominent circadian variation of heart rate even in pa- 
tients with severe LV dysfunction. Thus, the changes in 
circadian variation of VPCs are not explained by differ- 
ences in activity levels. 

More recent investigations of circadian rhythms in- 
clude the presentation of wake-time-adjusted data. In 
the present study, the time of awakening was not re- 
corded. However, because the time of awakening may 
vary considerably between individuals, future studies 
should include this type of analysis. 

A circadian variation of sudden cardiac death 
with a morning peak was described by some investiga- 
tors.!!! Likewise, a similar circadian variation of epi- 
sodes of nonsustained ventricular tachycardia has been 
observed.” These patterns tend to disappear when 
day-night cycles are altered, and disruption of this pat- 
tern has been observed in patients in the hospital.’ A 
circadian variation of sudden cardiac death is also ab- 
sent in patients receiving 6-adrenoceptor blocking thera- 
py.'! Our observations would predict that the circadian 
variation of sudden cardiac death would also be blunted 
in patients who have depressed LV function and altered 
autonomic regulation. 
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MECHANISM OF ACTION: CARDENE is a calcium 


entry blocker which inhibits the transmembrane influx of 
calcium ions into cardiac muscle and smooth muscle without 
changing serum calcium concentrations. The contractile 
processes of cardiac muscie and vascular smooth muscle are 
dependent upon the movementof extracellular calcium ions 
into these cells through specific ian channels. The effects of 
CARDENE are more selective to wascular smooth muscle than 
cardiac muscle. In animal models, CARDENE produces 
relaxation of coronary vascular smooth muscle at drug levels 
which cause little or no negative inotropic effect 


CONTRAINDICATIONS: Patients with hypersensitiv- 
ity to the drug. Because part of the effect ohCARDENE ts 
secondary to reduced afterload, me drug is also contraindi- 
cated in patients with advanced aortic stenosis. 


WARNINGS: Increased Angina: About 7% of patients 
in short term placebo-controlied angina triats have developed 
increased frequency, duration or severity of angina on 
starting CARDENE or at the time of dosage increases, 
compared with 4% of patients on placebo. Comparisons with 
beta-blockers also show a greater frequency of increased 
angina, 4% vs 1%. The mechanism of this eftect has not been 
established. (See ADVERSE REACTIONS.) 


Use in Patients with Congestive Heart Failure: 
Although preliminary hemodynamic studiesan patients with 
congestive heart failure have shown that CARDENE reduced 
afterload without impairing myocardial contractility, it has a 
negative inotropic effect in vitro and in some patients 
Caution should be exercised when using the drug in conges- 
tive heart failure patients, particularly in combination with a 
beta-blocker 


Beta-Blocker Withdrawal: CARDENE is not a beta 
blocker and gives no protection against the dangers of 
abrupt beta-blocker withdrawal; any such withdrawal should 
be by gradual reduction of the dose of beta-blocker, prefera 
bly over 8-10 days. 

PRECAUTIONS: General: Blood Pressure: Careful 
monitoring of blood pressure during the initial administration 
and titration of CARDENE is suggested CARDENE may 
occasionally produce symptomatic hypotension. Caution is 
advised to avoid systemic nypotension when administering 
the drug to patients who have sustained an acute cerebral 
infarction or hemorrhage. Because of prominent effects at the 
time of peak blood levels, initial titration should be performed 
with measurements of blood pressure at trough (just before 
the next dose) and at peak effect (’—2 hours after dosing) 


Use in patients with impaired hepatic function: The 
drug should be used with caution n patients having impaired 
liver function or reduced hepatic blood flow. Patients with 

severe liver disease developed elevated bloed levels (4-fold 
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increase in AUC) and prolonged half-life (19 hours) of 
CARDENE 


Use in patients with impaired renal function: Mean 
plasma concentrations, AUC, and Cmax were approximately 
2-fold higher in hypertensive mildly renally impaired patients 
treated with CARDENE than in healthy controls. Doses in 
these patients must be adjusted 


Drug Interactions: Cimetidine. Cimetidine increases 
CARDENE plasma levels. Patients receiving the two drugs 
concomitantly should be carefully monitored 


Digoxin. Some calcium blockers may increase the concentra 
tion of digitalis preparations in the blood. CARDENE usually 
does not alter the plasma levels of digoxin, however, serum 
digoxin levels should be evaluated after concomitant therapy 
with CARDENE is initiated 


Maalox: Co-administration of Maalox TC had no effect on 
CARDENE absorption 


Fentanyl Anesthesia: Severe hypotension has been reportec 
during fentanyl anesthesia with concomitant use of a 
beta-blocker and a calcium channel blocker. Even though 
such interactions were not seen during clinical studies with 
CARDENE, an increased volume of circulating fluids might be 
required if such an interaction were to occu 


Cyclosporine: Concomitant administration of CARDENE and 
cyclosporine results in elevated plasma cyclosporine levels. 
Plasma concentrations of cyclosporine should therefore be 
closely monitored, and its dosage reduced accordindly, in 
patients treated with CARDENE 


When therapeutic concentrations of furosemide, propranolol 
dipyridamole, warfarin, quinidine, or naproxen were added to 
human plasma [in vitro), the plasma protein binding of 
CARDENE was not altered 


Carcinogenesis, Mutagenesis, Impairment of 
Fertility: Rats treated for 2 years had a dose-dependent 
increase in thyroid hyperplasia and neoplasia, Mice treated 
for 18 months had no neoplasia or thyroid changes and dogs 
treated for 1 year had no thyroid pathology. There is no 
evidence of effects on thyroid function (plasma T4, TSW) in 
man. There was no evidence of mutagenic potential in a 
battery of tests, and no impairment of fertility in male or 
female rats 


Pregnancy: Pregnancy Category C: There are no adequate 
and well-controlled studies in pregnant women. CARDENE 
should be used during pregnancy only if the potential benefit 
justifies the potential risk to the fetus 


Nursing Mothers: It is recommended that women who 
wish to breast-feed should not take this drug 


Pediatric Use: Safety and efficacy in patients under the age 
of 18 have not been established 


Use in the Elderly: Pharmacokinetic parameters did not 
differ between elderly hypertensive patients (65 years) and 
healthy controls after one week of CARDENE 20 mg TID. 
Plasma CARDENE concentrations in elderly hypertensive 
patients were similar to plasma concentrations in healthy 
young adult subjects when CARDENE was administered at 
doses of 10, 20 and 30 mg TID, suggesting that the pharma 
cokinetics of CARDENE are similar in young and elderly 
hypertensive patients, No significant differences in responses 
to CARDENE have been observed in elderly patients and the 





general adult population of patients who participated in 
clinical studies. 


ADVERSE REACTIONS: in short-term (up to three 
months) studies 1,910 patients received CARDENE alone or in 
combination with other drugs. In these studies, adverse 
events were generally not serious but occasionally required 
dosage adjustment. Peak responses were not observed to be 
associated with adverse effects during clinical trials, but 
physicians should be aware that adverse effects associated 
with decreases in blood pressure (tachycardia, hypotension, 
etc.) could occur around the time of the peak effect 


Angina: The most common adverse events include pedal 
edema and dizziness in about 7% of patients; headache, 
asthenia, flushing and increased angina in about 6%; 
Palpitations in about 3%; and nausea and dyspepsia in about 
2%. Adverse events occurring in about 1% of patients include 
dry mouth, somnolence, rash, tachycardia, myalgia, other 
edema and paresthesia. Sustained tachycardia, syncope, 
constipation, dyspnea, abnormal ECG, malaise, nervousness 
and tremor occurred in less than 1% of patients. 


In addition, adverse events were observed which are not 
readily distinguishable from the natural history of the 
atherosclerotic vascular disease in these patients. Adverse 
events in this Category each occurred in <0.4% of patients 
receiving CARDENE and included myocardial infarction, 
atrial fibrillation, exertional hypotension, pericarditis, heart 
block, cerebral ischemia and ventricular tachycardia. It is 
possible that some of these events were drug-related 


Hypertension: The most common adverse events include 
flushing in about 10% of patients; headache and pedal edema 
in about 8%; asthenia, palpitations and dizziness in about 4%; 
tachycardia in about 3%; nausea in about 2%; and somno- 
lence in 1%. Dyspepsia, insomnia, malaise, other edema, 
abnormal dreams, dry mouth, nocturia, rash and vomiting 
occurred in less than 1% of patients. 


Additionally, the following rare events have been reported 
infection, allergic reaction, hypotension, postural hypoten- 
sion, atypical chest pain, peripheral vascular disorder, 
ventricular extrasystoles, ventricular tachycardia, sore throat, 
abnormal liver chemistries, arthralgia, hot flashes, vertigo, 
hyperkinesia, impotence, depression, confusion, anxiety, 
rhinitis, sinusitis, tinnitus, abnormal vision, blurred vision, 
increased urinary frequency. 
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2 Comparison of the Plasma Levels of 

_Apolipoproteins B and A-1, and Other Risk 

-Factors in Men and Women with Premature | 
Coronary Artery Disease 
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The predictors of premature coronary atheroscle- 
rosis were examined in 203 patients (99 men 
aged <50 years, and 104 women aged <60 
years) undergoing elective diagnostic coronary ar- 
teriography. Age, cigarette smoking, hyperten- 
sion, obesity, diabetes, positive family history of 
premature coronary artery disease (CAD), and 
plasma levels of total cholesterol, triglyceride, li- 
poproteins (i.e., very low, intermediate-, low-, and 
high-density [HDL] lipoproteins and their subfrac- 
tions [HDL2 and HDL], and lipoprotein [a]) and 
apolipoproteins (apoA-1, apoA-2 and apoB, re- 
spectively) were examined using univariate analy- 
ses and multivariate logistic regression. In men, 
age (p <0.05), smoking (p <0.05), and plasma tri- 
glyceride (p <0.02) and apoA-1 (p <0.05) levels 
-were independently associated with CAD. In wom- 
en, smoking (p <0.001) and plasma apoB levels (p 
- €0.04) were the strongest variables independently 
associated with CAD. It is concluded that the 
“nontraditional” risk factors (plasma apoA-1 and 
apoB levels) are better predictors of premature 
CAD than are plasma lipoproteins and that smok- 
ing is the strongest of the traditional nonlipid risk 
factors. 
(Am J Cardiol 1992;69:1015-1021) 
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(LDL) and very low density lipoprotein (VLDL) 

cholesterols, and triglyceride are usually higher, — 
whereas those of high-density lipoprotein (HDL) cho- 
lesterol and its 2 major subfractions (HDL; and HDL; 
cholesterols) are usually lower in patients with than in 
those without coronary atherosclerosis (defined by coro- 
nary arteriography).'"!° In some but not all reports, 
nonlipid risk factors such as increased blood pressure, 
cigarette smoking, diabetes and excess body weight 
were also considered. Only approximately half of coro- 
nary artery disease (CAD) is explained by these lipid- 
and nonlipid-related risk factors.!! Thus, more recent 
studies also measured plasma levels of apolipoproteins B 
and A-1 (apoB and apoA-1; the major proteins of LDL 
and HDL, respectively), and lipoprotein (a) [Lp(a)], a 
plasma lipoprotein consisting of an LDL molecule cova- 
lently bound to apolipoprotein (a), a protein homolo- 
gous to plasminogen. 2-10 However, less comparative in- 
formation is available in subjects (particularly women) 
with premature coronary atherosclerosis. 


Te plasma levels of total, low-density lipoprotein _ : a 


METHODS 

Study population: The study population comprised ` 
99 white men (aged $50 years) and 104 white women 
(aged <60 years) who underwent elective, diagnostic 
coronary arteriography at the Johns Hopkins Hospital 
between April 1985 and April 1988. Sixty years was 
chosen as the cut point in women, because they general- 
ly present with premature CAD 10 years later than 
men, and very few women aged <50 years undergo cor- 
onary arteriography. !>!3 The number of nonwhite sub- 
jects was too small to constitute a subgroup, and thus 
only white subjects were studied. Patients were excluded 
for the following reasons: age, distance (lived >100 
miles from the Johns Hopkins Hospital), undergoing 
unscheduled or emergent cardiac catheterization or cor- 
onary angioplasty, receiving lipid-lowering medication 
or had a myocardial infarction within the previous 12 
weeks. Ninety-three percent of the men, and 91% of the 
women who were eligible and were contacted agreed to 
participate in the study. Informed consent was obtained — 
from each participant. The study was approved by the 
Johns Hopkins Joint Committee on Clinical Investiga~ 
tion. 

Patients. were- recruited. for the study as “follows. 


Each week a complete list of age- and sex-eligible pa- o 


tients scheduled for elective arteriography was obtained 
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: from the catheterization laboratory. Potentially eligible 


ee -patients were approached systematically, starting with 
-the beginning of the list and proceeding down. No more 


than 4 subjects were studied each week, because of the 
time limitation posed by the large number of laboratory 
analyses needed for the study. Eighty-eight of the men 
(88.8%), and 89 of the women (85.5%) underwent angi- 


ography for evaluation of ischemic heart disease (typi- 


-cal angina or a positive exercise tolerance test, or both); 
10% of the men, and 13.5% of the women had arteriog- 
` raphy for valvular heart disease. 

Definitions of artery disease: To insure 
misclassification of <3%,'?!3 coronary arteriograms 
were reviewed by a panel of 3 cardiologists who had no 
prior knowledge of the clinical history or laboratory 
data of patients. The presence of stenosis in the 15 coro- 
nary artery segments designated by the American 
Heart Association was determined.'4 CAD was consid- 
ered to be present if 21 lesion narrowed the lumen of 

any of the 15 coronary arterial segments by 250%. Pa- 


. tients with such lesions were considered to be cases, 


whereas those without narrowings 250% were consid- 


ered to be control subjects. The study group was further 


< divided into patients with 0, 1, 2 or 3 diseased coronary 
arteries according to the number of major coronary 
arteries (right, left anterior descending or left circum- 
flex) that had 250% diameter narrowings). Quantita- 
__ tive digital methods were not used to assess the extent of 
coronary atherosclerosis. Visual interpretation of an ar- 
teriogram generally provides an underestimation of cor- 
onary atherosclerosis.’ Analyses related to risk factors, 
number of diseased vessels, and a continuous score of 
_ CAD will be the subject of a separate report. 

Plasma lipid, lipoprotein and apolipoprotein deter- 
minations: BLOOD COLLECTION: After a 12-hour fast, 
blood (60 ml) was drawn into evacuated tubes contain- 
ing disodium ethylenediaminetetraacetic acid (1.5 mg/ 

“ml of blood), cooled to 4°C and transported to the 
Johns Hopkins Lipoprotein Analytical Laboratory. 
Cells were removed by centrifugation (1,500 X g, 30 
minutes, 4°C) within 3 hours of collection, and plasma 
was stored at 4°C before analysis or at —70°C (for 
Lp(a) and apoA-2 measurements). Leukocytes were 
harvested for isolation of DNA. 

TOTAL AND HIGH-DENSITY LIPOPROTEIN CHOLESTEROLS: 
~Cholesterol in plasma and the lipoprotein fractions was 
- determined enzymatically as described previously.!5 To- 
tal HDL cholesterol was determined after precipitation 
of the apoB-containing lipoproteins with heparin and 


: manganese chloride. When patients were sampled, 


: manganese chloride was used at a final concentration of 
0.046 M; this was changed to 0.092 M for the analysis 
of HDL cholesterol in the relatives of the patients, be- 
cause the lower concentration does not completely pre- 
cipitate apoB-containing lipoproteins.'!© To allow a cor- 


rection. for the incomplete precipitation, a separate 


ae ‘substudy was performed in which 188 relatives of pa- 
-tients had HDL cholesterol measured using both con- 


be. centrations of manganese chloride. The lower concen- 


tration gave a positive mean bias of 3.1 + 0.3 mg/dl. 


‘The bias was independent of HDL cholesterol concen- 





tration: (r= 0.018). The HDL cholesterol concentra- 
tions in patients were therefore corrected by subtracting 
3 mg/dl from the measured values, 

HIGH-DENSITY LIPOPROTEIN CHOLESTEROL SUBFRAC- ` 
TIONS: Four milliliters of the heparin-manganese chlo- 
ride supernate was adjusted to a density of 1.125!’ and 
centrifuged at 105,000 X g for 40 hours, the bottom,- 
fraction containing HDL; was recovered by tube slicing, 
and its cholesterol concentration was determined. HDL» 
cholesterol was calculated as the difference between to- 
tal HDL and HDL; cholesterol. 

VERY LOW, INTERMEDIATE- AND LOW-DENSITY LIPOPRO- 
TEIN CHOLESTEROLS, AND TRIGLYCERIDE: Plasma (5 ml), 
at its own density (1.006 g/ml), and plasma (10 ml) 
after adjustment to d 1.019 g/ml with liquid potassium 
bromide (17), were centrifuged at 105,000 X g for 18 
hours. The infranate fractions were collected by tube 
slicing, and their cholesterol contents were determined. 
VLDL cholesterol was calculated by subtracting the 
cholesterol in the 1.006 g/m! infranate from the plasma 
total cholesterol. IDL cholesterol was calculated as the 
difference between the cholesterol in the 1.006 and 
1.019 g/ml infranates. LDL cholesterol was calculated 
as the difference between the cholesterol in 1.019 g/ml 
infranate and total HDL cholesterol. Plasma triglycer- 
ide was measured enzymatically.!> 

APOLIPOPROTEIN MEASUREMENTS: ApoA-1 and ApoB 
levels were measured by radial immunodiffusion, as de- 
scribed previously.!° ApoA-2 was measured in frozen 
plasma by radial immunodiffusion in 10% agarose, us- 
ing an antibody to apoA-2, and serum pools with known 
apoA-2 levels obtained as gifts from John Albers, PhD. 
Plasma was diluted 10-fold and applied to the wells. 
Ring diameters were measured after 72 hours. The as- 
say for apoA-2 had a coefficient of variation of 6.1%. 
Lp(a) was measured on frozen plasma using a mono- 
clonal antibody-based sandwich enzyme-linked immu- 
nosorbent assay'® available commercially (MACRA 
Lp(a) Terumo, Elkton, Maryland). The coefficient of 
variation for Lp(a) was 6.9%, and the method does not 
detect plasminogen.!8 

OTHER RISK FACTORS AND CLINICAL DATA: Interviews 
were conducted and clinical data collected using a com- 
mon protocol and standardized forms.!2!%20 Medica- 
tions used during the preceding 2 weeks were recorded. 
Hypertension was defined as a self-reported history of 
high blood pressure, or treatment. with antihypertensive 
agents. Cigarette smoking was categorized as ever ver- 
sus never smoked. Current smoking was defined as 
smoking cigarettes within the past month. Weight and 
height (without shoes) were measured using a standard 
scale and recorded to the nearest tenth of a kilogram or 
centimeter. Family history of premature CAD (defined 
as myocardial infarction [fatal or nonfatal] or angina 
pectoris before the age of 60 years in either parent) was 
obtained by questionnaire. Blood (3 ml) was collected in 
fluorinated tubes, and glucose determined at the Johns 
Hopkins Clinical Chemistry Laboratory using a glucose 
oxidase method. Diabetes was defined as a fasting blood 
sugar >140 mg%?! or a sheets. of diabetes needing 
diet or drug. therapy. 
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eo TABLE t- Characteristics of Subjects Undergoing Coronary 




















: Anoo for Premature Atherosclerosis 
; ; Men Women 
{n = 99)* (n= 104)* 
44 52 
24-50 36-60 
Coronary arteries 
- Narrowed > 50% in diameter (any) 61% 49% 
4 14% 13% 
15% 15% 
31% 23% 
Previous myocardial infarction 24% 26% 
< Positive Rose questionaire 41% 40% 
Stroke 2% 5% 
H/O hypertension 45% 54% 
‘Diabetes mellitus 8% 17% 
Ever smoked cigarettes 76% 59% 
` Current cigarette smokers 20% 24% 
F *Questionaire data available from 97 men and 103 women. 
ting angiograms, coronary atherosclerosis was present, but not all vessels were 








completely visualized. 
| H/O = history of, 


>) Statistical analyses: Univariate distributions of all 
-variables were examined, and all outliers confirmed. 

The association of lipid and other risk factors with CAD 
was studied using logistic regression for men and wom- 
en separately, and for the entire study population. Be- 
cause patients with CAD were older than those without 
CAD, measures of association were adjusted for age. 
The age-adjusted p value and the correlation coefficient 
for each risk factor were calculated from a logistic re- 
gression model with CAD as the dependent variable, 
and age and the risk factor of interest as the indepen- 
dent variables. All continuous variables were divided 
- into quartiles and examined as categorical variables. 
The results of the continuous and categorical analyses 
were similar. Therefore, only the continuous models are 
presented. 

Multivariate logistic regression models were con- 
structed by considering all the variables that were asso- 
ciated with CAD after adjustment for age only. Odds 
ratios for continuous variables were calculated for a 1 
SD difference in the variable. This allows for compari- 
. son of the strength of association of CAD with different 

variables. 


RESULTS 

Characteristics of study population: The character- 
istics of the study population are summarized in Table 
I. A higher proportion of men than women had prema- 
ture and more severe (3-vessel) CAD, but these differ- 
ences did not reach statistical significance. In subjects 
without CAD, the distribution of the most severely af- 
fected segment <50% was as follows: no lesion (70.1%), 
1 to 20% lesion (17.2%), 21 to 40% lesion (12.6%) and 
41 to 49% lesion (none). History of hypertension and 
diabetes was more prevalent in women than in men. 
Medication use: The most frequently taken medica- 
tions in the previous 2 weeks (in order of use) were: 6 
lockers, calcium antagonists, diuretics and long-acting 
itroglycerines (Table II). The mean differences. be- 
veen subjects with and without CAD in the plasma 














TABLE Il Medication Use by Subjects 

Medications Taken Men Women Total 

in Previous 2 Weeks (n=97) (np =103) (n= 200) 
B blockers 44 44 88 (44.0%) | 
Calcium antagonists 37 50 87 (43.5%) 
Diuretics 17 34 51 (25.6%) 
Long-acting nitroglycerins 15 33 48 (24.0%) 
Digitalis preparations 5 13 18 (9.0%) 
Antiarrhythmics 4 8 12 (6.0%) 
Thyroid medications 2 8 10 (5.0%) 
Other hormones 0 10 10 (5.0%) 
Anticoagulants 0 9 9 (4.5%) 
Corticosteroids 2 3 5 (2.5%) 
Oral contraceptives 0 1 1 (0.5%) 
Cholesterol-lowering agents 0 0 0 (0.0%) 














levels of total and HDL cholesterols, triglyceride, apoB 
and apoA-1 were similar (p >0.10). between subjects 
receiving and not receiving any 1 of these medications.?? 

Association of lipid-related variables with prema- 
ture coronary atherosclerosis: For men, the plasma lev- 
els of total cholesterol, triglyceride, apoB in plasma and 
d >1.006 g/ml infranate, and apoA-1 were significant 
univariate discriminators of CAD (Table III). However, 
after adjusting for age, only the triglyceride and apoA-1 
levels remained significant predictors of CAD. in men 
(Table III). The results in women differed from those in 
men. First, before adjustment for age, the plasma levels 
of total, VLDL, and total HDL and HDL; cholesterols, 
triglyceride, and apoB in whole plasma and in d >1.006 
and >1.019 g/ml infranates, and apoA-2 were all sig- 
nificantly associated with CAD (Table IH). Adjustment 
for age removed only total HDL cholesterol and plasma 
apoA-2 as significant indicators of premature CAD in 
women. The ratio of plasma apoB to apoA-1 was signif- 
icantly associated with premature CAD in both men 
and women (Table III). Lp(a) levels were higher in 
those with than in those without CAD, but did not 
reach statistical significance. 

Because the levels of apoB were clearly stronger in- 
dicators of CAD in women than in men, whereas the 
level of apoA-1 was stronger in men, the distributions of 
plasma levels of these apolipoproteins were examined. 
For men, the plasma apoB levels were shifted toward 
higher values in those with CAD (Figure 1), whereas in 
women, the distribution of plasma apoB levels in those 
with CAD appeared bimodal (Figure 1). The distribu- 
tion of plasma apoA-1 levels was shifted toward lower 
values in men with CAD; in contrast, the distributions 
of apoA-! levels in the women with and without prema- 
ture CAD were much broader and relatively similar 
(Figure 1). 

Multivariate analysis of lipid-related discriminators 
and premature coronary artery disease in men. and 
women: Logistic regression models showed that the 
plasma apoB level was more closely associated with 


CAD than were total and LDL cholesterols, or apoB in — 


the 1.006 and 1.019 g/ml infranates among men, wom- 
en and the total study population. When each of the 
latter variables was modeled simultaneously with plas- 
ma apoB (and age), the association of plasma. apoB 
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| TABLE M Association of Plasma Levels (mg/dl) of Lipids, Lipoprotein Cholesterols and Apolipaproteins with Premature Corona 
therosclerosis in Men and Women Oe 



















































Men So Women co 
With Without Age- With Without OGRE “Age 
CAD CAD Unadjusted Adjusted CAC CAD Unadjusted Adjusted 
in = 60) (n = 39) p Value* p Valuet (n= 51) (n53) pValue* p Valuet 

Age (yrs) 45.8 41.5 0.00014 m 53.9 $18. O06 — 
Total cholesterol 240 221 0.04 0.30 255 2205 0.0007 0.002 
VLDL cholesterol 53 45 0.20 0.69 55 37 0.905 0.007 
IDL cholesterol 16 15 0.69 0.74 18 13 0.18 0.31 
LDL cholesterol 127 119 0.35 0.68 135 119 0.09 0.07 
HDL cholesterol 46 48 0.60 0.57 51 58 0.03 0.06 
HDLz2 cholesterol 17 16 0.68 0.84 21 24 0.27 0.35 
HDL3 cholesterol 31 33 0.28 0.23 31 36 0.03 0,03 
Triglycerides 208 143 9.0004 0.006 202 128 0.009 0.014 
Plasma apoB 153 135 9.01 0.13 159 126 0.0001 0.0003 
ApoB > 1.006 g/ral 135 119 0.02 0.13 139 110 0.0004 0.0016 
ApoB > 1.019 g/ml 127 119 0.31 0.66 135 110 0.003 0.007 
Plasma apoA-1 131 147 0,02 0.02 147 163 0,07 0.09 
Plasma apoA-2 28 28 0.69 0.93 27 28 0.04 0.07 
kpa) 19 15 0.43 0.29 19 12 0.07, 0.09 
Plasma apoB/apoA-1 1.23 0.97 0.002 0.02 L47 0.82 0.0001 0.0001 





















*Unadjusted p value from Student's t test. 
tAdjusted for age ony in logistic regression model. 
ee eles $0.05 level are underlined. 


CAD, indicating that log transtormation allowed for better description of its association with CAD. Values reported are aritilog of result in log scale. 
apoB {n = 3), apoB ind > 1.006 g/ml in = 1), apoBin d >.1.019 g/ml (n = 3), apoA-I (n = 1), apoA-2 (n = 36); pla) (a = 31) and apoB/apoa-1 (n = 4), 


Apo = apatipaprotein; CAD = coronary artery disease; HDL. = high-density lipopratein; IDL = intermediate-density ipoprotein; LOL = low-dersity lipoprotein; Lp ta) = lipoprotein 
(a); VLDL = very low density lipoprotein. r i 






rigtyceride values were log transformed for 2 reasons. First, they were. markedly skewed toward high values (p <0.01). Second, log triglyceride was more strongly associated with 
The following measurements were not performed in indicated number of samples: VLDL (n = 1), IDL (n= 2), LDLAn.= 3), HDL (n= 1), HDLg(n-& 17), HDka (n= 16), plasma 









Apolipoprotein B Level (mg/di) in Men Apolipoprotein A1 Level (mg/dl) in Men 
Frequency 
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Apolipoprotein B Level (mg/dl) in Women Apolipoprotein A1 Level (mg/dl) in Women 
Frequency 







80-74 76-98 109-128 128-149 150-174 175-199 200-224 225-248: 


EZA CAD sommi WEE CAD Prevent: ; EZA cad sneer’ MEM CAD Present 





The distributon of plasma levels of apolipoproteins B (left) and A-1 (right) in men (top) and women (bottom) with 
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ABLE IV Multivariate Comparison of Plasma Leveis of Lipids, 
poprotein, Cholesterol and Apolipoproteins as Predictors of 
ture Coronary Atherosclerosis in Men and Women 














Men Women 
eo 98) (n = 101) 
Variable r Value p Value* r Value p Value* 
Age 0.236 0:002 0.000 0.24 
Trigiyceridet 0.190. 0.009 0.064 Q11 
Plasma apoB 0.000 0.258 0.195 0.007 
Plasma apoA-1 -0150 0.026 0.000 0.29 








*p values < 0.05 are underlined. 

+Trigiyceride values were log transformed, 

Correlation coefficient (r) is from multiple logistic regression. 
apo = apolipoprotein. 


with CAD was stronger, and the association between 
the other risk factor and CAD was weak and not sta- 
tistically significant. The only exception to this state- 
ment was that among men, plasma apoB and apoB in 
¿the 1.006 g/ml infranate were equally associated with 
CAD. Similarly, the log of plasma triglyceride was 
more closely associated with CAD than was plasma 
VLDL, log of plasma VLDL or plasma triglyceride lev- 
els before log transformation. ApoA-1 was more closely 
associated with CAD in men, women and the total sam- 
ple than were HDL and HDL, cholesterols. However, 
HDL; cholesterol was more closely associated with 
CAD than was apoA-1 among women (p = 0.08 and 
0.53, respectively, when HDL; and ApoA-1 were mod- 
_ eled simultaneously with age). The significance of this 
- finding is uncertain, particularly because neither apoA- 
1 nor HDL; were associated with CAD in women after 
adjustment for plasma apoB level. For men, age, log 
triglyceride and apoA-1 levels were independently asso- 
ciated with CAD, whereas the additional contribution 
of plasma apoB level was not statistically significant 
(Table IV). In women, plasma apoB level was the best 
indicator for CAD. Log triglyceride was mildly associ- 
ated and apoA-1 levels were only weakly associated 
with CAD after adjustment for apoB level (Table IV). 

Menopausal status and plasma apolipoprotein B 
-Jevels in women: Sixty-one women (59%) in the study 
"were postmenopausal, whereas eighteen (17%) were 

















[ TABLE V Association of Nonlipid Risk Factors with Premature 
Coronary Atherosclerosis in Men and Women | 
Men Women 
{n = 97) {n = 103} 
With Without p With Without 
E CAD CAD Value* CAD CAD p Value* 
H/O hypertension 51% 37% 0.39 62% 47% 0.18 
Diabetes 15% 3% 0.20 27% 8% 0.03 
Ever smoked 88% 58% 0.005 82% 38% 0.0001 
Fasting blood 101 90 0.36 109 99 0.39 
sugar (mg/di) 
Body mass index 28 28 0.74 26 26 0.83 
(kg/m?) 
Family history of 
CAD before 
age 60 yearst 
Father 29% 28% 0.74 22% 24% 0.83 
Mother 5% 13% 0.17 15% 18% 0.83 
Either parent 28% 34% 0.28 33% 37% 0,82 
Both parents 2% 6% 0.62 4% 2% 0.81 
*Age-adjusted p value from a logistic regression; values <0.05 are underlined. 
Family history of CAD, defined as myocardial infarction (fatal or nonfatal) or angina 
Pe following measures were not performed in the indicated number: fasting blood 
sugar (n = 5) and family history {n = 25), 
CAD = coronary artery disease; H/O = history of. 








[i 





premenopausal. Menopausal status could not be deter- 
mined for 24 women (23%) who had hysterectomies. 
Plasma apoB level was higher in the 36 postmenopausal 
women with CAD than in the 25 without CAD (156 vs. 


132 mg/dl; p = 0.03). Among premenopausal women, _ 
this difference was even more striking (mean plasma 


apoB level 184 mg/dl in those with (n = 3) vs 11 
mg/dl in those without (n = 16) CAD; p = 0.01). Thus, 
plasma apoB level was associated with CAD in both — 
pre- and postmenopausal women, and the association 
may be stronger for premenopausal ones. 

Association of nonlipid risk factors with premature 
coronary artery disease: We next determined whether 
nonlipid risk factors such as hypertension, diabetes, 
smoking, family history of premature myocardial in- 
farction, and so forth were significantly associated with 
premature CAD (Table V). Using univariate analysis, 
history of ever smoking was strongly and significantly 
associated with premature CAD in both men and wom- 








E aurora : 
TABLE VI Multiple Logistic Regression Models of Lipid- and Nonlipid-Related Risk Factors as Predictors of Premature Coronary 


nani 






































| “Apo = apolipoprotein; Cl = confidence interval; OR = odds ratio. 





` Atherosclerosis in Men and Women 
All Men Women | 
(n = 196) {n = 96)* in = 100} 
Variable OR 95% Ci p Valuat OR 95% cl p Valuet OR 95% Ci p Value? 
Age (10 yrs) 2.7 1.3 5.5 0.007 8.4 1.9 36.9 0.01 1.8 0.7 4,2 O2 
Smoking (ever) 5.0 2.3 10.7 0.001 3.3 1.0 11.1 0.05 6.0 2.2 16.6 0.001 
Triglyceride (0.3 logs) 1.7 1l 2.7 0.011 2.4 LT 5.2 0.02 1.5 0.9 2.6 0.13 
ApoB (40 mg/dl) 1.6 1.1 2.4 0,016 1.4 0.8 26 0.27 1.7 1.0 2.9 0.04 
ApoA-1 (40 mg/dl) 0.8 0.5 1.1 0.16 0.5 0.3 1.90 0:05 0.3 0.6 14 0,60 
Sex (men) 2.3 0.9 5.8 0.08 : 
: F *Three men and 4 women were not included due to missing data. 
cotpvelues. <0.05 are underlined. 
Triglyceride levels were log transformed. 
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en. The other variables did not differ significantly. be- 
tween men with and without CAD (p >0.05). In wom- 
en (but not in men) history of diabetes reached statisti- 
cal significance (Table Y). 
_ -Consideration of the strongest lipid- and nonlipid- 
related variables simultaneously: Using multiple logis- 
tic regression models, plasma levels of apoB and apoA-1 
‘were better predictors of CAD than was LDL or HDL. 
` cholesterol (and subfractions) for the entire study popu- 
lation (Table VI). Total cholesterol level was not a pre- 
dictor of CAD after adjustment for the plasma apoB 
levels, but triglyceride level remained a significant indi- 
cator of premature CAD. Smoking and age were 
strong, nonlipid predictors (Table VI). For men, triglyc- 
eride level followed by apoA-1 were the best lipid-relat- 
ed predictors, whereas for women, plasma apoB was the 
best independent lipid predictor (Table VI). Ever smok- 
ing remained a strong, independent predictor of prema- 
ture CAD in both men and women. 


DISCUSSION 

There are few, if any, previous studies of a compara- 
ble number of women with premature CAD. The plas- 
ma apoB level was the strongest indicator of premature 
CAD in these women. Data from prospective studies 
indicated that total cholesterol level was clearly an im- 
portant predictor of CAD among women as well as 
men, whereas the association of LDL cholesterol level 
with CAD in women was less clear.?3 Our findings were 
consistent with these studies. An increased number of 
small, dense LDL particles (hyperapoB)”4 is often ac- 
companied by increased levels of VLDL cholesterol and 
triglyceride. Plasma apoB seems even higher in pre- 
menopausal women with CAD, indicating the influence 
of an endogenous (perhaps genetic) factor on apoB lev- 
els that was not obviated (or prevented) by the presence 
of female hormones. Campos et al*> found that post- 
menopausal women had significantly smaller LDL-par- 
ticle size than did premenopausal ones, but such differ- 
ences were not associated with significant changes in 
apoB levels. Interestingly, in a study of black men and 
women. catheterized for chest pain and an abnorma! 
stress test, Ford et al% found that plasma apoB levels 
were. more strongly associated with CAD in women 
than men. In an older (mean age 60 years) group of 37 
women, Sedlis et al’ found that only triglyceride and 
apoB levels correlated with severity of CAD. Reardon 
et al® reported that CAD in women was related to tri- 
glyceride, cholesterol and apoB concentrations in IDL. 

The bimodal distribution of plasma apoB levels in 
women with premature CAD suggests strongly the in- 
fluence of a major gene. Further family studies in the 
relatives of these index cases should elucidate this hy- 
pothesis and determine more precisely the etiologic het- 
erogeneity of genetic factors (such as the contribution of 
the genes for hyperapo and familial combined hyperlipi- 
demia).?’ 

The dyslipidemic pattern in men with premature 
CAD generally differed from that in women. First, age 
adjustment removed much of the association of plasma 
apoB with CAD in men; a low level of apoA-I, and a 





high level of triglyceride w were the beat: indicators of z 
CAD. The significantly lower level of apoA-1 in men 
with premature CAD was clearly not accompanied by a 
lower level- of HDL cholesterol (or its subfractions). Ina- 
previous angiographic study,’ we: also found that plas- 
ma total HDL cholesterol did not signifi icantly predict 
the presence of 1-, 2- or 3-vessel CAD in men aged 30 
to 49 years, but did so in those aged 50 to 70.!3 More 
recently, Hearn et al* similarly found that older men 
(mean age 57 years) with CAD had lower HDL choles- 
terol levels. In agreement with our previous report of 
another cohort, plasma levels of total HDL cholesterol 
in women with premature CAD was significantly lower 
than in those without CAD.7! In the present study, this 
observation was expanded to include levels of HDL; 
cholesterol and apoA-1, which were also lower in wom- 
en with premature CAD. 

Hypertension, diabetes and cigarette smoking were 
more prevalent in those with than without premature 
CAD in both men and women (Table V). However, cig- 
arette smoking emerged as the strongest nonlipid risk 
factor. The magnitude of the association between smok- 
ing and CAD was comparable to the strongest lipid- 
related risk factors. After considering the influence of 
triglyceride, apoB and apoA-1 levels, smoking remained 
independently associated with premature CAD. The in- 
ability of some studies'?5 to find such a significant con- 
tribution of smoking to CAD may be related to the size 
or nature of the control groups, or to not using ever 
smoking instead of current smoking. 

We are unable to explain why there was so little ap- 
parent difference between those with and without CAD 
in regard to family history of premature CAD. How- 
ever, not all studies found such an association.?* Such 
discrepancies may be related to patient selection (e.g., 
using family history as a criterion for angiography), the 
high prevalence of CAD in American society, or other 
biases. 

We found Lp(a) levels to be higher in those with 
than without CAD. However, unlike previous re- 
ports,”!° this trend did not reach statistical significance. 
These differences do not appear to be due to our youn- 
ger population, because Dahlen et al!® found that Lp(a) 
was a better predictor in younger (aged <55 years) 
than older men. We did find (data not presented) a sub- 
group of cases with premature CAD and normal lipo- 
protein profiles who had increased Lp(a) levels. 
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ry Cineangiograms 


oe G. B. John Mancini, MD, Martial G. Bourassa, MD, Paula R. Williamson, BS, Guy Leclerc, MD, 


Scott F. DeBoe, BS, Bertram Pitt, MD, and Jacques Lesperance, MD 


Many studies have shewn the prognostic value of 
: angiographic data, but few have examined quanti- 
tative parameters of wall motion and shape or cor- 
onary stenosis severity. To determine whether 
these parameters have prognostic importance, 
baseline angiograms of 283 patients with up to 
11.2 years (mean 8.3) of follow-up were quantitat- 
ed. Event-free survival curves were constructed 
using log-rank testing. These indexes were also 
considered in 2 predictive models (Cox regression 
models): 1 with (“clinical”) and 1 without (“‘quan- 
titative”) subjective angiographic analysis and 
clinical information, Regional shape (anterior and 
inferior walls) and motion (anterior wall only) in- 
dexes were predictive of event-free survival when 
considered singly. But these parameters were not 
of independent prognostic importance in the re- 
gression models. The most important independent 
parameters in the quantitative model for predict- 
ing overall cardiac mortality or an initial lethal 
cardiac event were the ejection fraction and the 
. percent diameter narrowing of each major coro- 
‘nary artery. Myocardial infarction was predicted 
by the percent diameter stenosis of the left main 
and left anterior descending arteries but not the 
ejection fraction. In the clinical model, the factors 
of overriding prognostic importance were the ejec- 
tion fraction and the subjective determination of 
the number of vessels involved with “significant” 
stenoses. Quantitative coronary arteriography stili 
contributed independent prognostic value. Thus, 
quantification of the ejection fraction and severity 
of coronary lesions were of independent, prognos- 
tic importance, whereas indexes of regional func- 
tion and shape were not. 
(Am J Cardiol 1992;69:1022-1027) 
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ments of global and regional ventricular function 

and coronary lesion severity is unquestioned in 
research arenas because visual estimates are highly vari- 
able.! Although numerous articles have demonstrated 
the prognostic importance of a quantitative measure of 
the ejection fraction as well as some subjectively deter- 
mined measures of wall motion and stenosis severity,?~!! 
none have determined whether quantitative methods for 
assessing stenosis severity, wall motion or wall shape 
have independent prognostic importance. Thus, we set 
out to determine the prognostic importance of quantita- 
tive measures of regional wall motion, wall shape and 
percent diameter stenosis measurements. 


METHODS 

Cineangiograms of 296 patients were randomly se- 
lected by investigators at the Montreal Heart Institute 
from studies of 3,566 patients in the Coronary Artery 
Surgery Study (CASS) Registry.!? Some patients had 
follow-up data up to 11.2 years (mean follow-up 8.3 
years in the entire group). Clinical information was col- 
lated on patient characteristics (sex, age, prior myocar- 
dial infarction, bypass surgery or angioplasty, number 
of diseased vessels, location of stenoses). The number of 
diseased vessels was determined by the original CASS 
investigators who considered disease to be present when 
a visually apparent stenosis estimated to be 250% was 
detected. 

Cineangiograms were delivered to the Ann Arbor 
Veterans Administration Medical Center for quantita- 
tive analysis using previously developed and validated 
methods. Cineangiograms were displayed on a Van- 
guard XR15 Projector interfaced via a video chain to 
an ADAC 4100C Digital Image Processing Computer 
(Milpitas, California). Poorly opacified left ventriculo- 
grams or studies lacking a non~postectopic beat were 
excluded from ventricular analysis (13 cases). The larg- 
est (end-diastolic) and smallest (end-systolic) ventricu- 
lar images in the right anterior oblique projection were 
traced and digitized in a 256 X 256 matrix and stored. 
Global ejection fraction was measured using the area- 
length method.'? Volumes were not measured due to 
absence of routinely available calibration grids. 

Regional wall motion was calculated using the cen- 
terline method developed at the University of Washing- 
ton and previously described in detail.'4 Briefly, a cen- 
terline is drawn midway between the end-diastolic and 
end-systolic outlines, 100 chords are determined perpen- 
dicular to this line and the resultant chord lengths are 
expressed as a fraction of the end-diastolic silhouette 
length. These values are then normalized by comparison 
to regional fractional shortening results of a normal 


T he need for quantitative and reproducibie measure- 
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‘population and expressed in standard deviations per — 


_ chord, averaged over the anterior and inferior regions. 


_ Similarly, regional ventricular shape was measured 


-using a previously described and validated method de- 
veloped at the University of Michigan.'> Briefly, this 
method calculates the curvature at 100 points along the 
end-systolic silhouette. Low curvature values denote rel- 
atively straight or gently curving regions and high cur- 
vature values denote very curved areas such as is seen at 
the apex of a ventricular silhouette. The outward bulg- 
ing of wall motion abnormalities and aneurysms causes 
an abnormal increase in curvature. In a fashion similar 
to the wall motion assessment, these curvature values 
are normalized by comparison to normal shape parame- 
ters of a normal population. The regional shape indexes 
are then reported in standard deviations per point, aver- 
aged over the anterior and inferior regions. The optimal 
threshold values for optimizing sensitivity and specific- 
ity of these 2 regional analysis programs have been pre- 
viously determined at the University of Michigan.'> Op- 
timal concordance between visual and quantitative anal- 
ysis of wall motion was achieved by using a critical 
value of —1.1 standard deviations/chord to distinguish 
between normal or abnormal motion. For shape abnor- 
malities, the critical value was —0.4 standard devi- 
ations/point. Therefore, all wall motion and shape re- 
sults were normalized by these previously determined 
values so that the numerical results could be more easily 
compared. The wall motion and wall shape parameters 
are, therefore, reported in “critical value” units. 

The most severe focal lesion in each involved vascu- 
lar territory designated by the CASS investigators was 
< subjected to quantitative analysis using a previously de- 

“scribed and validated method developed at the Universi- 

‘ty of Michigan.!© The projection showing the lesion in 
its most severe perspective and without overlapping side 
branches was digitized, stored and analyzed. Briefly, the 
arterial segment and lesion of interest were digitized us- 
ing 2.4:1 optical magnification into a 512 X 512 image 
matrix and then magnified X2 by bilinear interpolation. 
Density profiles perpendicular to a centerline along the 
longitudinal axis of the segment were analyzed to deter- 
mine the first and second derivatives of the density pro- 

<i files. Initial edge points were selected at 75% of the dis- 

tance between the second and first derivative locations 

(i.e., weighted toward the location of the first deriva- 
tive). These points were automatically examined for 
spatial continuity. Points that were not within a 4 pixel 
distance of neighboring edge points were eliminated 
automatically and replaced by interpolating between 
edge points on either side of the eliminated point. After 
this automated process, manual editing of the edge was 
performed when necessary to ensure accurate contour 
detection. Percent diameter stenosis was calculated by 
comparing the minimal diameter to the average diame- 
ter of a normal, proximal segment. Normal and occlud- 
ed vessels were designated as having 0 and 100% diame- 
ter stenoses respectively. Absolute measures of lumen 
size were not recorded owing to lack of information 

about angiographic catheter size. l l 

-` Over the term of follow-up, the following complica- 

-tions were recorded: unstable angina, myocardial infarc- 


TABLE I Baseline Characteristics of the Study Group 
(n = 283) 














Men/women 243/40 
Age (years) 5148 
Previous myocardial infarction 184 
No. of coronary arteries 

narrowed > 50% in diameter 

0 4 

1 85 

2 98 

3 95 
Location of narrowings 

Left main 4 

Left anterior descending 215 
Circumflex 162 
Right 189 
Ejection fraction (%) 5215 
Wali motion (critical values) 

Anterior ~1.73 + 0.99 
Inferior ~1.87 + 1.01 
Wail shape (critical values) 
Anterior -3.20 + 2.73 
inferior ~1.46 + 2.63 
E Continuous data presented as mean + standard deviation. 








tion, congestive heart failure, arrhythmias, syncope, car- 
diogenic shock, peripheral emboli, stroke and death as 
well as the cause of death, and need for bypass surgery 
or angioplasty. 

Kaplan-Meier event-free curves were calculated for 
groups with ejection fractions below 55 and 255%, an- 
terior and inferior shape or wall motion indexes S~2 
and >—2 critical values, and percent diameter stenosis 
of <70 and 270% of the left anterior descending, cir- 
cumflex and right coronary vascular distributions.'7 
Bonferroni adjusted log-rank tests were used to deter- 
mine the time at which differences in event-free survival 
curves occurred.'® A Cox regression model was used to 
determine independent predictors of adverse events.'? 
Two specific models were tested. The first, termed the 
“quantitative model” incorporated only quantitative pa- 
rameters of ejection fraction, wall motion, wall shape 
and stenosis severity. The second, termed the “clinical 
model” incorporated the quantitative parameters as well 
as the following clinical information: sex, age, prior in- 
farction, number of significantly stenotic vessels by visu- 
al analysis (zero, 1-, 2- or 3-vessel disease) or the pres- 
ence of a stenosis considered to be 250% by visual anal- 
ysis of the left main, left anterior descending, circumflex 
or right coronary arteries. These models were tested for 
the prediction of cardiac death at any time during fol- 
low-up. In a separate analysis we determined predictors 
of an initial major cardiac event causing death, and an 
initial fatal or nonfatal myocardial infarction. In this 
analysis, we considered the occurrence of arrhythmias, 
heart failure and unstable angina as adverse events that 
were likely to have initiated therapies with the potential 
of altering the patients’ prognosis. Similarly, the occur- 
rence of bypass surgery or angioplasty was considered 
an adverse event because these therapies may have al- 
tered subsequent long-term survival or the occurrence of 
subsequent events, or both. These patients were there- 


fore excluded in the analysis of an initial major cardiac 


event causing death, and an initial fatal or nonfatal 
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RESULTS 


Clinical characteristics: Of the original 296 studies, 
complete angiographic data were obtained in 283. Table 










| TABLE H Number cf Patients with Designated Quantitative 
Index (n = 277) 





Quantitative Diameter 











Stenosis 
Visually 
Artery Insignificant <70% 270% 

Left main 273 3 1 
Left anterior descending 65 68 144 
Circumflex 116 50 Hil 
Right 92 45 140 

> ~2 Critical Values <~2 Critical Values | 
Anterior motion 174 103 
Inferior motion 148 129 
Anterior shape 86 191 
Inferior shape 140 137 | 

255% 31-54% <30% 

Ejection fraction 143. 111 23 








ESF: 
——~ ) 55%, N=143 
~~ € 55%, N=134 

















Ie summarizes characteristics e study 2 group. Aten- a 
try, ages ranged from 30 to 68 years, and ejection frac- 
tions ranged between 6 and 80%. When visually identi- | 
fied and quantitated, the least severe left main, left an- 
terior descending, circumflex and right coronary lesions. 
were 50, 41, 41 and 43%, respectively. The most severe 
left main stenosis was 75%, whereas in the other territo- 
ries total occlusions occurred. The average severity of 
the quantified lesions were as follows: left main (n = 4), 
61 + 15%; LAD (n = 212), 81 + 18; circumflex (n= 
161), 82 + 17%; and right coronary artery (n = 185), 
86 + 18%. Despite a normal mean ejection fraction in 
this population, mean regional wall motion and shape 
indexes were abnormal, reflecting the high proportion of 
patients with prior infarctions (184 of 283). In 6 cases, 
the exact timing of the first significant cardiac event 
was unknown. Therefore, all subsequent statistical anal- 
yses were based on 277 cases. Quantitative cineangio- 
graphic findings in these patients are further summa- 
rized in Table H. One hundred forty-three of the 277 
cases had ejection fractions 255%. 

For purposes of this study, stroke (16 events) and 
peripheral emboli (3 events) were considered noncar- 
diac events. One hundred two patients had an event-free 
follow-up. In the remaining patients, the most frequent 
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event was the onset of unstable angina in 63 patients 
} occurrences) followed by bypass surgery in 74 pa- 
tients (77 occurrences) and myocardial infarction in 53 
(73 occurrences). Congestive heart failure events were 
- documented 44 times. Sudden death occurred in 25 
- patients. Significant arrhythmias excluding ventricular 
tachycardia were noted on 14 occasions and there were 
5 episodes of ventricular tachycardia. Cardiogenic shock 
was noted 13 times. A single percutaneous coronary an- 
gioplasty reflects the emergence of the technique after 
the time of patient enrollment and during the course of 
the follow-up. 

In addition to the 25 sudden deaths, there were 19 
fatal myocardial infarctions (14 of which were the ini- 
tial event after angiography), 7 deaths due to congestive 
heart failure, 6 deaths ascribed to cardiogenic shock and 
2 ascribed to ventricular tachycardia. Stroke accounted 
for 7 deaths. In 18 cases the cause of death was not 
specified. 

Event-free survival curves were constructed for the 
‘quantitative indexes and are demonstrated in Figures 1 
~ and 2. The event-free survival curves were significantly 
different with respect to each of the quantitative param- 
eters except in the case of inferior wall motion, and per- 
“cent diameter stenosis of the right coronary artery. Sig- 
nificant overall differences in the event-free survival 
curves (p <0.02) between patients with and without a 
normal ejection fraction (255%) were found, but these 
curves were not significantly different at any specific 
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time point during the follow-up period. The curves 
based on anterior wall motion were also significantly 
different (p <0.003) and, in contrast to the ejection 
fraction curves, diverged significantly from the fourth 
year to the end of the follow-up period. Anterior shape- 
abnormalities were also associated with a worse, overall 
event-free survival (p <0.004) and the curves were. 
specifically divergent from the third year on. Inferior 
wall shape abnormalities also imparted a worse, overall 
event-free survival (p <0.007), but the curves did not 
diverge significantly at any specific time except at the 
end of the follow-up period. Patients with left anterior 
descending territory stenoses that were <70% had a bet- 
ter event-free survival than those with more severe ste- 
noses (p <0.002). These curves diverged significantly 
from the fourth year on, except in year 6 when the 
curves did not quite reach statistically significant differ- 
ences. Patients with stenoses of the circumflex that were 
<70% also had a better event-free survival (p <0.03), 
but these curves were not statistically divergent at any 
specific time point. There were 59 cardiac deaths occur- 
ring during the entire follow-up period, and 37 of these 
deaths were in fact the initial cardiac event during fol- 
low-up. Myocardial infarction was the initial significant 
cardiac event during follow-up in 42 cases and 14 of 
these were fatal. In the “quantitative” model (Table 
IT), the ejection fraction was of overriding importance 
in predicting overall cardiac death and an initial, lethal 
cardiac event. However, all of the quantitative percent 
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| TABLE IM. Summary of Factors Predicting Clinical Outcomes, 
| Ranked in Order of Importance, for the Quantitative Model 












Parameter Coefficient p Value 
Cardiac death 
Ejection fraction 2.82 0.0001 
% diameter stenosis: 
Circumflex 1.51 0.005 
| Left main 4.06 0.03 
| Left anterior descending 1.52 0.02 
i Right 1.42 0.02 | 
© Initial lethal cardiac event | 
i Ejection fraction 2.56 0.00001 
j % diameter stenosis: 
mf Left anterior descending 2.16 0.0001 
i Right 1.58 0.02 
on Circumflex 1.54 0.03 
| Left main 3.81 0.04 
Myocardial infarction 
i % diameter stenosis: 
f Left main 4.11 0.04 
i Left anterior descending 1.48 0.04 





diameter stenosis variables were also independently pre- 
dictive. In contrast, none of the wall function indexes 
was predictive. Myocardial infarction was predicted by 
the percent diameter stenosis of left main and left ante- 
rior descending lesions but not the ejection fraction. 
Results of the “clinical” predictive model demon- 
strated the overriding importance of the quantitated 
` ejection fraction in predicting overall cardiac death (co- 
efficient = 3.08, p <0.00001), followed by the number 
-~ of vessels diseased (coefficient = 2.03, p <0.0001) and 
the patients’ age (coefficient = 1.05, p <0.009). An ini- 
tial, lethal cardiac event was predicted, in order of im- 
portance, by the ejection fraction, the number of vessels 
diseased and the quantitative percent diameter stenosis 
of the left anterior descending artery (coefficients = 
2.78, 2.16, 1.69, p <0.00001, 0.0006, 0.05, respective- 
ly). Myocardial infarction was predicted by both the 
«qualitative presence of a significant stenosis in the 
left anterior descending artery (coefficient = 3.88, p 
<0.002) and the quantitative percent diameter stenosis 
of the left main artery (coefficient = 3.79, p <0.05). 


DISCUSSION 
Many prior analyses have shown the prognostic im- 
portance of the quantitative ejection fraction, but the 
purported value or lack ef value of other parameters of 
regional function and stenosis severity were uniformly 
based on qualitative assessments.>!? This study was 
motivated by a desire to put into perspective several of 
the currently available quantification methods that are 
applied to cineangiograms and to determine whether 
such parameters have prognostic power. We assessed 
this in a population with well-defined, long term, clini- 
-cal follow-up. Our a priori expectation was that sophis- 
ticated parameters of ventricular function and shape 
would be of overriding clinical importance and that 
quantitative coronary arteriography would provide little, 


or any, prognostic power. But the results were quite dif- 
ferent. In general, the simple ejection fraction remained - 


: the prime determinant of most cardiac syndromes, and 
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‘sophisticated measures of regional wall : motion 4 
shape were not of independent prognostic. value. Su: 
prisingly, quantitative coronary arteriography was of in- 


dependent prognostic value in beth the clinical and _ 


quantitative regression models. 

Groups dichotomized with respect to most quantita- 
tive parameters showed significant differences in event- 
free survival over the decade of follow-up. Exceptions 
occurred in the case of percent diameter stenosis of the 
right coronary artery and inferior wall motion. The 
most highly divergent curves were associated with ante- 
rior shape analysis, anterior wall motion analysis and 
percent diameter stenosis of the left anterior descending 
coronary artery territory. 

The Cox regression models, however, serve to put 
these univariate results into perspective by demonstrat- 
ing the overriding importance of the ejection frac- 
tion.*!°20 Despite this, other factors were also of inde- 
pendent, prognostic importance. These were generally 
not related to more detailed or sophisticated measures 
of regional function or shape and this is almost certainly 
because these parameters are highly correlated with the 
less complex ejection fraction calculation. Instead, the 
quantitative measures of percent diameter stenosis, es- 
pecially of the left anterior descending coronary bed or 
the left main coronary artery were the parameters that 
contributed additional and independent prognostic val- 
ue. This was particularly the case when considering ini- 
tial, lethal cardiac events or myocardial infarction. 

A recent study has made the provocative observation 
that severe lesions are often not the sites of subsequent 
occlusion and causation of myocardial infarctions.?! 
Others have shown an association between lesion sever- 
ity and infarction.” The current study suggests that 
over a long follow-up period, the quantitative severity of 
coronary lesions, especially of the left main or left ante- 
rior descending artery, is indeed predictive of infarction. 
Whether these severe lesions are actually the sites of 
occlusion leading to infarction cannot be established 
from the current study because follow-up angiograms 
were not available. One can only conclude that the pres- 
ence of severe lesions portends a higher risk of subse- 
quent infarction. 

Regional function and shape indexes are often used 
in studies of thrombolysis. These studies often focus on 
segmental effects and minimize attention to either arte- 
riographic findings or overall ejection fraction measure- 
ments. However, because these parameters were elimi- 
nated in both the clinical and quantitative models, one 
must question the use of isolated measures of wall func- 
tion as surrogate end points in many clinical trials. Our 
results suggest thet these parameters should not be eval- 
uated separately from the quantitative coronary arterio- 
graphic results and that the overail ejection fraction re- 
sults in such studies should never be deemphasized.?3 

The clinical model was chosen because it approxi- 
mates the cognitive aspects of clinical decision making 
that take into account many factors influencing the. in- 
terpretation of test results.” Thus, this model included 
patient age, sex, the presence of prior infarction and 
subjective assessments of the number of vessels with 


- “significant” stenoses, and their location. These are not _ 
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: the only factors and postions: not even the main factors 

that a practicing cardiologist would use to make an 

overall clinical assessment of risk or a clinical decision 
regarding therapy. For example, results of exercise test- 
ing and especially functional radionuclide studies com- 
monly sway clinical decisions, and such results were not 
incorporated into this study. In this context, although 
the ejection fraction and the number of diseased vessels 
are the most consistent and important determinants of 
adverse clinical outcomes, quantitative coronary arteri- 
ography was of independent, prognostic power, whereas 
wall motion and shape analyses were not. 

The percent diameter stenosis parameter, even mea- 
sured meticulously, has been roundly criticized in recent 
years based on (1) recognition of the diffuse nature of 
atherosclerosis and the resultant difficulty in selecting 
normal reference diameters”; (2) the fact that such 
measurements do not take into account other important 
morphologic features such as length or entrance and 
exit angles®; (3) the realization that many stenoses are 
eccentric and cannot be accurately represented by a sin- 
gle plane measurement”; (4) the new knowledge that 
remodeling and dilatation of vessels occurs in response 
to atherosclerosis’; and (5) the imprecise relation be- 
tween this parameter and other directly measured in- 
dexes of functional stenosis severity.?®?? Whereas all of 
these arguments are cogent, this study suggests that 
percent diameter stenosis, much like the ejection frac- 
tion with its well-recognized limitations, is still of tre- 
mendous prognostic importance and is an appropriate 

‘parameter upon which to base routine clinical judg- 
_ ments.” Much greater experience and long-term follow- 
: up analyses, such as the one presented in this study, will 
~ need to be undertaken with the alternative proposed in- 
dexes of stenosis severity before replacing the simple 
quantification of percent diameter stenosis. 

This study should not be interpreted to imply any 
potential “superiority” of quantitative arteriography 
over subjective stenosis assessment. However, neither 
should the visual assessment of presence and severity of 
stenoses by the original CASS investigators be equated 
with the more casual day-to-day assessments used in 
practice. Nevertheless, because only the quantitative 

“methods are associated with a high degree of reproduc- 
ibility, and because these parameters have now been 
-< shown by this study to have prognostic importance, one 
‘may conclude that such quantitative measures would 
be suitable not solely for research purposes, but also 
for clinical decision-making if the indexes could be ob- 
tained expeditiously and within practical constraints. 
This study therefore provides a clinically relevant rea- 
son, beyond merely that of enhanced reproducibility, to 
promote the development of quantitative and verifiable 
methods that can be used easily in clinical practice.°° 
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To better define the natural history of supraven- 
tricular tachycardia (SVT) in young patients, age 
distribution of SVT mechanisms was examined in 
137 infants, children and adolescents. Patients 
with a history of cardiac surgery or neuromuscu- 
lar diseases were exciuded. An electrophysiologic 
study was performed in each patient: transesopha- 
geal (110 patients) or transvenous (14 patients) or 
beth (13 patients). Mechanisms were classified as 
SVT using accessory atrioventricular (AV) connec- 
tion (SVT using accessory connection, including 
orthodromic and antidromic reciprocating tachy- 
cardia), primary atrial tachycardia (including cha- 
otic, automatic and reentrant atrial tachycardia), 
and tachycardia due to reentry within the AV 
node. SVT using accessory connection occurred in 
100 of 137 patients (73%) and was the most prev- 
alent mechanism. Primary atrial tachycardia and 
reentry within the AV node were present in 19 of 
137 (14%) and 18 of 137 (13%) patients, respec- 
tively. Using a multinomial logit model, relative 
probabilities for tachycardia mechanisms for 5 
age groups -— prenatal, <1, 1 to 5, 6 to 10 and 
>10 years — were determined. Primary atrial 
tachycardia (11 te 16%) and SVT using accessory 
connection (58 to 84%) appeared throughout in- 
fancy, childhood and adolescence. On the other 
hand, tachycardia due to reentry within the AV 
node (0 to 31%) rarely appeared before age 2 
.. years. Mechanisms of SVT appear to have age-de- 
pendent distributions. SVT using accessory con- 
nection is the most common mechanism in young 
patients. We speculate that the propensity to 
tachycardia due to reentry within the AV node oc- 
curs during postnatal development. 

{Am J Cardiol 1992;69:1028-1032) 
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atrial tachycardia, as it is also known, is a com- 
mon abnormality of heart rhythm in infants, chil- 
dren and adolescents. In the past 2 decades, much has 
been learned regarding electrocardiographic and elec- 
trophysiologic features of SVT mechanisms.'~? It is now 
known that tachycardias requiring participation of both 
ventricular and supraventricular tissues have been 
termed SVT. For example, in SVT using an accessory 
atrioventricular (AV) connection, both atria and ventri- 
cles are essential for continuation of tachycardia. On 
the other hand, in SVT thought to result from reentry 
within the AV node, the precise role of the atria and 
ventricles in maintaining tachycardia is unclear. Finally, 
there are SVT types (¢.g., ectopic atrial tachycardia), 
where the atria are the principal site of the electrophysi- 
ologic disturbance; these types have been termed atrial 
or primary atrial tachycardias.® 
It is generally agreed that accessory AV connections 
used in certain SVT types are developmental anomalies. 
However, much less is known of the developmental as- 
pects of either primary atrial tachycardias or tachycar- 
dias due to reentry within the AV node. We hypothe- 
sized that SVT mechanisms are age-dependent. To test 
this hypothesis, we evaluated the frequency and age dis- 
tribution of SVT mechanisms in pediatric. patients. 


METHODS 

Patients: The records of electrophysiclogic studies 
performed from July 1986 through January 1991 on 
137 patients with electrocardiographically documented 
SVT were reviewed. There were 57 female and 80 male 
patients. Patients with electrocardiographic documented 
tachycardia with prolonged QRS duration and AV dis- 
sociation, as might be seen in patients with ventricular 
tachycardia or tachycardia using a nodoventricular con- 
nection, were not included.!° Additionally, patients who 
had undergone open heart surgery, as well as patients 
known to have neuromuscular diseases were not includ- 
ed. However, we included 8 patients with nonsurgically 
treated congenital heart disease and 1 infant of a dia- 
betic mother with hypertrophic cardiomyopathy. 

Definition and diagnosis: Based on tachycardia 
characteristics, patients were divided into 3 groups: pri- 
mary atrial tachycardia, SVT using accessory AV con- 
nection, and tachycardia due to reentry within the AV 
node. The classification of an SVT mechanism was 
made independently by 3 of the authors. SVT classifica- 
tion was based on analysis of the initiation method of 
SVT, electrophysiologic features, and response to phar- 


S upraventricular tachycardia (SVT) or paroxysmal 


: macologic agents or maneuvers that impaired AY or 
myocardial conduction. ` ; 
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Primary atrial tachycardia® is that in which the pri- 
- thary electrophysiologic disturbance is restricted to atri- 
al tissue, and it includes atrial ectopic tachycardia, in- 
traatrial reentry tachycardia, atrial flutter and chaotic 
atrial tachycardia.!' Electrophysiologic characterization 
was based on the presence or absence of 2° block during 
tachycardia, whether tachycardia could be induced or 
terminated by pacing, and the response to pharmacolog- 
ic agents (e.g., adenosine) or maneuvers (e.g., Valsalva) 
that impaired AV conduction. 

SVT using accessory connection includes orthodro- 
mic and antidromic reciprocating tachycardia, and the 
permanent form of junctional reciprocating tachycardia. 
Orthodromic reciprocating tachycardia is defined as a 
tachycardia with normal QRS, no evidence of AV dis- 
sociation, anterograde conduction over the AV node, 
and retrograde conduction through an accessory con- 
nection. During tachycardia, the ventriculoatrial inter- 
val, as measured from the onset of QRS to the rapid 
deflection of the atrial component of the transesophage- 
al electrocardiogram, is >70 ms.!2!3 Prolongation of 
the cycle length or ventriculoatrial interval in the pres- 
ence of bundle branch block ipsilateral to the accessory 
connection supported the diagnosis.'* In addition, dur- 
ing transvenous electrophysiologic study, the presence of 
eccentric atrial activation and atrial preexcitation by 
ventricular extrastimuli at a time when the His bundle 
was refractory'> supported the diagnosis of orthodromic 
reciprocating tachycardia. Antidromic reciprocating 
tachycardia shows a prolonged QRS duration with con- 
duction anterograde over an accessory connection and 
retrograde conduction via either the AV node or an ad- 
‘ditional accessory connection; the QRS morphology re- 
sembles that present with preexcitation and can be dup- 
` licated with atrial pacing at a comparable rate. The per- 
manent form of junctional reciprocating tachycardia is 
an incessant tachycardia considered to be a special case 
of orthodromic reciprocating tachycardia with antero- 
grade conduction over the AV node and retrograde con- 
duction over a septal accessory connection with decre- 
mental conduction properties'®; the ventriculoatrial in- 
terval is prolonged, and there is no evidence of cycle 
length change with functional bundle branch block. 

The diagnosis of tachycardia due to reentry within 
the AV node is made by excluding SVT using accessory 
connection and primary atrial tachycardia. In both typi- 
cal (common) and atypical (uncommon) types, the criti- 
cal elements of the reentry circuit are thought to be re- 
stricted to the region of the AV junction.4*?!2.3 During 
the typical type, the ventriculoatrial interval during 
tachycardia is short whether measured during transve- 
nous!? or transesophageal'? electrophysiologic study. 
The atypical form in association with longer ventriculo- 
atrial intervals occurs less often.?!2.!3 

Electrophysiologic study: An electrophysiologic 
-study was performed in each patient. Studies were per- 
formed in the postabsorptive and antiarrhythmic drug- 
free state. Before study, parental consent was obtained. 
_ During study, sedation was maintained using meperi- 
_ dine (1 mg/kg), promethazine (1 mg/kg), morphine 
. (0.1 mg/kg) or midazolam (0.1 mg/kg) as needed. A 
- transesophageal study was performed in 110 patients (2 





days to 19 years), whereas in 14 patients (25 months to 
17 years) a transvenous electrophysiologic study was 
performed. Both techniques were eventually performed 
in 13 patients (5 months to 19 years). 

Transesophageal electrophysiologic study: The 
techniques for transesophageal pacing and electrocar- 
diographic recording have been previously described. 
A bipolar esophageal and 3 surface electrocardiograms 
were recorded using a strip-chart recorder at a paper 
speed of 50 and 100 mm/s. Anterograde conduction 
and refractory characteristics were assessed. During 
tachycardia, the esophageal electrocardiogram was re- 
corded and special attention was paid to the atrial and 
ventricular cycle lengths and to the AV relationship. 
When appropriate, the ventriculoatrial interval was 
measured from the onset of QRS to the rapid deflection 
of the atrial waveform. 

Transvenous electrophysiologic study: The tech- 
niques for transvenous electrophysiologic study using 
3 or 4 percutaneously inserted quadripolar electrode 
catheters have been previously described.'® Intracardiac 
electrograms were simultaneously recorded with a 3- 
lead electrocardiogram on a strip-chart recorder as in 
the transesophageal study. Anterograde and retrograde 
conduction and refractory characteristics were assessed, 
and atrial mapping procedure was performed at multi- 
ple sites in the right atrium and coronary sinus during 
both tachycardia and right ventricular pacing. Prema- 
ture extrastimuli were administered in the right ventric- 
ular apex during tachycardia. 

Pacing and pharmacologic maneuvers: Anterograde 
and retrograde conduction were assessed by pacing at 
cycle lengths ranging from slightly faster than the sinus 
cycle length to those producing 2° AV block. Refracto- 
ry characteristics were assessed using the extrastimulus 
technique. To induce tachycardia, 1 or 2 atrial extra- 
stimuli at progressively closer coupling intervals were 
introduced into normal sinus and paced rhythms, incre- 
mental atrial pacing to 2° AV block; burst pacing at 
cycle lengths similar to those producing AV block were 
performed. If tachycardia was not initiated under basal 
conditions, isoproterenol (0.02, 0.05, and 0.1 ug/ 
kg/min to a maximal rate of 4 ug/min) was infused 
and the pacing protocol was repeated. If tachycardia 
was not initiated, atropine (0.04 mg/kg) was infused 
and the protocol was repeated. 

Because the rationale for electrophysiologic study 
was to establish an electrophysiologic diagnosis and de- 
fine therapeutic alternatives, the effects of the following 
intravenous medications were assessed during many 
studies: edrophonium (0.15 mg/kg), verapamil (0.15 
mg/kg), propranolol (0.2 mg/kg), procainamide (15 
mg/kg over 15 minutes) and adenosine (maximum 300 
pg/kg). Additionally, in many patients the response to 
Valsalva maneuver was assessed. 


STATISTICS 

A multinomial logit model was used to evaluate the 
pattern of age distribution by SVT mechanism. Patients 
were divided into 5.age groups: prenatal, <1, 1 to 5, 6 to 
10, and >10 years. For each age group, frequency esti- 
mates were generated for each tachycardia type and 
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conditional probabilities were computed from these fre- 
“quency estimates. Models were examined to test for lin- 
ear and quadratic effects. The difference in likelihood 
ratio statistics for logit models as well as comparing 
parameter estimates to their standard errors was used. 
to. determine the best model. The Kruskal-Wallis non- 
parametric test was used to compare the time interval 
between symptom onset and electrophysiologic study. 
Analyses were performed using SPSS PC+ (version 
4.0). 


RESULTS 

An SVT mechanism was determined for each pa- 
tient. In 135 of 137 patients (98%), there was uniform 
agreement between the 3 primary reviewers. In 2 pa- 
tients, there was disagreement between the primary re- 
viewers, and these 2 patients were classified by the ma- 
jority opinion, SVT using accessory connection occurred 
in 100 of 137 patients (73%). Primary atrial tachycar- 
dia occurred in 19 of 137 patients, (14%) and tachycar- 
dia due to reentry within the AV node occurred in 18 of 
137 patients (13%). SVT was first reported at a median 
age of 0.5 years (prenatal to 19 years); SVT was first 
detected at age <1 year in 78 patients (58%). SVT was 
recognized in utero in 21 of these 78 patients. Electro- 
physiologic study was performed at a median age of 4.3 
years (1 day to 21 years), and in 51 of 137 patients 
(37%) the evaluation was performed at age <1 year. 

Primary atrial tachycardia: Primary atrial tachycar- 
dia was present in 19 patients (8 female, 11 male). 
Tachycardia was present in 11 infants, and 4 of 11 in- 
fants had been diagnosed in utero. Electrophysiologic 
study was performed during the first year of life in 11 
patients. 
-t Tachycardia due to reentry within the atrioventric- 
ular node: This mechanism was present in 18 patients 
(9 female, 9 male). A classification difficulty was posed 
by 2 patients: a 7-year-old girl with block “in a lower 
final common pathway” associated with the typical 
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form,’ and a 13-year-old girl thought to have atypical 
form. The typical form was present in 17 patients. In 3- 
patients, tachycardia was first reported in infancy, but | 
none was detected in utero. No patient had electrophys- 
iologic study during the first year of life. 

Supraventricular tachycardia using accessory con- 
nection: SVT using accessory connection was present in 
100 patients (40 females, 60 males). Tachycardia was 
present in 64 infants and in 17 of 64 infants the diagno- 
sis was in utero. Electrophysiologic study was per- 
formed in 40 patients during the first year of life. Ven- 
tricular preexcitation was present in 48 patients (48%). 

Relation of tachycardia mechanisms with age: With 
use of a multinomial logit model, probabilities for 
tachycardia mechanisms by age were determined (Fig- 
ure 1). Both the likelihood ratio chi-square statistic and 
the size of the parameter estimate, relative to the stan- 
dard error indicated the quadratic model fit better than 
the linear model. SVT using accessory connection oc- 
cured more often than the other 2 mechanisms (58 to 
84%). Primary atrial tachycardia was relatively uncom- 
mon (11 to 16%) but appeared throughout infancy, 
childhood and adolescence. However, tachycardia due 
to reentry within the AV node (0 to 31%) rarely ap- 
peared before age 2 years. 

Age at symptoms and age at study: The median in- 
terval between the age at symptom onset and the age at 
electrophysiologic study was 1.1 years (range 0.0 to 
17.5), In 47% of patients, the interval was <1 year: 2 of 
18 patients (11%) with tachycardia due to reentry with- 
in the AV node, in 14 of 19 patients (74%) with pri- 
mary atrial tachycardia, and in 48 of 100 patients 
(48%) with SVT using accessory connection. Thus, pa- 
tients with either SVT using accessory connection or 
primary atrial tachycardia tended to undergo electro- 
physiologic study within 1 year of symptom onset, 
whereas patients with tachycardia due to reentry within 
the AV node tended to undergo electrophysiology study 
>1 year after sg gi onset (p <0.05). 

Comparison of transesophageal and transvenous 
electrophysiologic study: Both transvenous and transe- 
sophageal electrophysiologic studies were performed in 
13 patients. Transesophageal study was performed ini- 
tially, but transvenous study was eventually performed 
to evaluate suitability of ablation, antitachycardia pace- 
maker and investigational drug options, SVT using 
accessory connection was present in 10 patients, includ- 
ing orthodromic (6 patients), orthodromic and anti- 
dromic (1 patient), and antidromic-reciprocating tachy- 
cardia (1 patient), and permanent junctional reciprocat- 
ing tachycardia (2 patients). Primary atrial tachycardia 
was present in 3 patients: atrial ectopic (1 patient) and 
intraatrial reentry (2 patients) tachycardia. In all 13 pa- 
tients, the mechanisms of SVT determined by the 2 
studies were identical. 

Supraventricular tachycardia with associated heart 
disease: SVT using accessory connection was present in 
9 patients with associated heart.disease, including Eb- 
stein’s anomaly, ‘scimitar syndrome, secundum. atrial 
septal defect, pono atrial. epia defect, and corrected 
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: ‘fect in 2 patients. An infant of a diabetic mother had 
_ associated hypertrophic cardiomyopathy. 


- DISCUSSION 

“The main finding of this study in pediatric patients 
is that mechanisms of SVT appear to have age-depen- 
dent distributions. We grouped SVT patients into 3 ma- 
jor mechanisms: primary atrial tachycardia, SVT using 
accessory connection, and reentry within the AV node. 
Among the patients studied, SVT using accessory con- 
nection was the predominant mechanism (73%) of SVT, 
and most patients with SVT using accessory connection 
or primary atrial tachycardia developed symptoms be- 
fore age 1 year. In contrast, tachycardia due to reentry 
within the AV node occurred nearly as often as primary 
atrial tachycardia, but no cases were detected in utero 
and symptoms rarely occurred before age 2 years. 

In the patients we studied, SVT using accessory con- 
nection was more common than previous reports in chil- 
dren and adults.!28° Reentry within the AV node has 

, been reported to be the most common mechanism of 
SVT in adults without ventricular preexcitation.5?-!9 In 
our study of pediatric patients, this mechanism was 
more likely to occur in older children. The incidence of 
primary atrial tachycardia (14%) is also low compared 
to 21 to 34% present in previous studies in pediatric pa- 
tients.!? 

There may be 2 reasons related to our patient selec- 
tion to explain the predominance of SVT using the ac- 
cessory connection. First, we were restrictive in patient 
selection and excluded all patients who had undergone 

_ open heart surgery or those who had neuromuscular dis- 
ease which might be etiologic in the cause of SVT. 
These exclusion criteria may have resulted in a relative 
decrease in frequency of primary atrial tachycardia, 
which is known to be associated with these condi- 
tions.2°-23 Second, indications for study vary from cen- 
ter to center because there have been no generally 
agreed upon guidelines for either transesophageal or 
transvenous electrophysiology study. At our institution, 
transvenous study is usually reserved for patients with 
SVT who pose a diagnostic dilemma, or those in whom 
ablation, pacemaker or investigational drug therapy is 
considered. It is our practice to perform transesophageal 
studies in all pediatric patients presenting with SVT, es- 
pecially when SVT is refractory to empiric antiarrhyth- 
mic therapy. This practice allowed electrophysiologic 
characterization of tachycardia features in many infants 
and young children who warranted evaluation but in 
whom intracardiac study would have been impractical 
and unwarranted. 

We evaluated the age distribution of SVT mecha- 
nism both by age at symptom onset and age at time of 
study as a way to deal with the potential problem that a 
patient might have a different mechanism of tachycar- 
dia at an earlier versus later time in life. For example, 
an infant may have SVT using accessory connection but 
lose the capacity for this tachycardia during the first 
~ year of life, only to develop a propensity for tachycardia 
due to reentry within the AV node later in life. This 

- possibility is supported by 2 considerations: The acces- 


sory connection may change electrophysiologic charac- 
teristics during maturation,’*4-?’ and the occurrence of 
tachycardia due to reentry within the AV node has been 
reported in patients with accessory connection. 

Study limitations: The possibility of selection bias or 
misclassification due to inadequate diagnostic criteria 
are the principal limitations of the study. Our study was 
limited to patients referred to a tertiary center; we esti- 
mate the indications for study at our center resultin > 
approximately 95% of patients with SVT undergoing. 
some type of electrophysiologic study. The results of the 
present and previous!? studies show that in the child and 
adolescent, transesophageal study can accurately deter- 
mine SVT mechanisms. However, the lack of estab- 
lished diagnostic criteria for infants, in whom the stan- 
dard multicatheter study is not feasible, poses a prob- 
lem. Consequently, in the absence of an agreed-upon 
gold standard for infants, we relied on the classification 
by 3 experienced pediatric electrophysiologists. 

Speculation: It was previously suggested that all in- 
fants with paroxysmal SVT may have accessory AV 
connections.*° It is now generally accepted that acces- 
sory AV connections are developmental anomalies.?! 
Much of the variation in prenatal and postnatal tachy- 
cardia occurrence may be explained by both develop- 
mental changes in the accessory connection’ and 
developmental variation in the occurrence of initiat- 
ing events.>2 The developmental aspects of the morpho- 
logic and functional basis of ectopic or reentrant pri- 
mary atrial tachycardias in nonsurgically treated pa- 
tients have been only partially described,’ but based 
on results of the present study they may occur prenatal- 
ly and postnatally throughout childhood. In the patients 
we evaluated, tachycardia due to reentry within the AV 
node occurred nearly as often as primary atrial tachy- 
cardia. However, no occurrence was detected prenatally 
and few cases were detected in the first year of life, 
suggesting an age-dependent anatomic or functional ba- 
sis for tachycardia due to reentry within the AV node. 
Based on these considerations, we speculate that the 
propensity to tachycardia due to reentry within the AV 
node occurs during postnatal development. 
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On the Mechanism of Termination and 


Perpetuation of Atrial Fibrillation 
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In an effort to further clarify the mechanism of 
termination and perpetuation of atrial fibrillation 
(AF), the intraatrial potentials during AF induced 
by programmable electrical stimulation were ana- 
lyzed using the concept of wavelength which rep- 
resents the size of a microreentrant circuit. Thirty 
patients with inducible AF were divided into 2 
groups: 20 patients. with AF that terminated spon- 
taneously (group 1) and 10 patients with AF that 
did not terminate spontaneously (group 2). Wave- 
length is the product of refractory period and con- 
duction velocity. During AF, the refractory period 
of the local atrial tissue was considered to corre- 
late with the mean interval between each intraatri- 
al potential (mean ff). An inverse relation was con- 
sidered present between conduction velocity of the 
impulse and the width of intraatrial potentials (f 
width). Thus, the wavelength index was defined as 
(mean ff)/(mean t width). Ten intraatrial potentials 
at the high right atrium were sampled for mea- 
surement. Group 1 had higher wavelength indexes 
_ just after the induction of AF than did group 2 
(1.33 + 0.31 vs 1.10 + 0.05, p <0.05). In group 
1, the wavelength indexes were increased from 
the initial value to 1.49 + 0.36 just before termi- 
nation of AF (p <0.001). In 3 group 2 patients, AF 
stopped after disopyramide was administered in- 
travenously, whereas the wavelength indexes at 
the end of AF were higher than those before drug 
administration (1.27 + 0.08 vs 1.16 + 0.04, p 
- 0.05). In conclusion, prolongation of the wave- 
length appears to be a major determinant for ter- 
- mination of AF, and shorter wavelengths are nec- 
essary for perpetuation of AF. 
(Am J Cardiol 1992;69:1033-1038) 
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remains uncertain. However, experimental and 

clinical studies have revealed evidence that the 
reentrant mechanism is involved in the genesis and 
maintenance of AF.'-® Actually, functionally deter- 
mined multiple circuits altering their own shapes con- 
stantly without the involvement of a gross anatomic ob- 
stacle (leading circles) are regarded as the basis of this 
arrhythmia. In the leading circle-type reentry, the size 
of the reentrant circuit is determined by the wavelength 
that is the product of refractory period and conduction 
velocity.’ 

This basic concept had not been applied to the anal- 
ysis of human AF so far because refractory periods of 
the local atrial tissues and conduction velocity of circu- 
lating impulses could not be identified in clinical AF. In 
an attempt to further elucidate the mechanism of termi- 
nation and perpetuation of AF, we undertook an analy- 
sis of the intracardiac potentials of the atrium during 
AF in the electrophysiologic study with the newly devel- 
oped wavelength index that comprised the clinically fea- 
sible parameters. This semiquantitative value, a wave- 
length index, was considered to represent the size of 
the microreentrant circuit. Furthermore, to: determine 
whether alteration of the wavelength index contributed 
to the termination of AF, disopyramide was. adminis- 
tered intravenously to patients whose AF induced by the 
electrical atrial stimulation did not terminate spontane- 
ously. 


METHODS 

Patients: Thirty of 482 patients who underwent elec- 
trophysiologic studies between. August 1982 and July 
1990 in this institution were enrolled in this study. In- 
clusion criteria were the inducibility of AF by electri- 
cal stimulations and the absence of significant organic 
heart disease. Induction of AF was not a definitive pur- 
pose of the electrophysiologic study but the result of the 
routine stimulation protocol. Each patient had a normal 
thyroid function. These 30 patients were divided into 2 
patient groups: group 1, 20 patients whose induced AF 
terminated spontaneously during the electrophysiologic 
study; group 2, 10 patients whose induced AF continued 
for >30 minutes. There were no significant differences 
in the mean age between groups. The study population 
is summarized in Table I. 

Electrophysiologic study: Electrophysiologic studies 
were performed with the patients in the nonsedated and 
postabsorptive states after antiarrhythmic medications 
had been discontinued for =72 hours. Each patient gave 
written informed consent. We used 6F-USCY electrode 
catheters with a 10 mm interelectrode distance. Gener- 
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-| TABLE 1 Study Population 
ye or Group 1 






Group 2 








No: of patients 20 10 





| Mean age (year) 52411 48 +17 
« Men/women 16/4 7/3 






Disease (no. of pts.) 













Sick sinus syndrome 3 1 
Paroxysma! AF 8 3 
AV block 0 1 
Wolff-Parkinson-White syndrome 8 4 
AV nodal reentrant tachycardia 1 1 
Electrophysiology (ms) 
Atrial effective refractory period 202 + 26 198 + 29 
AH interval 75 +16 7915 
HV interval 42 t3 4344 
< Intraatrial conduction time 41+11 39 + 6 






(=PA interval in the His bundle electrogram) 













Values are mean + standard deviation. 
AF = atrial fibrifation; AV = atrioventricular. 












ally, 2 quadripolar electrodes were positioned in the 
high right atrium and the coronary sinus to record the 


adjacent electrical activity. The His bundle electro- 

gram was obtained by a tripolar electrode placed just 

‘across the tricuspid valve. The right atrium and the 

right. ventricle were paced by bipolar electrodes. Elec- 

trocardiographic leads 1, aVF and V, were recorded si- 
multaneously on an 8-channel Siemens Mingograph at 

a standard paper speed of 100 mm/s. Programmed 

stimulation was performed using a square wave at twice 

diastolic threshold. The stimulation protocol included 

‘the extrastimulus method at basic cycle lengths of 545 

and 667 ms and incremental pacings up to 260 beats/ 

min for the right atrium or ventricle. The data from the 
extrastimulus method were compared in the same basic 
cycle length. 

Wavelength index: Wavelength of the refractoriness 
is the product of functional refractory period and con- 
duction velocity.” During AF, refractory periods of local 
atrial tissues and conduction velocity of the impulse 
cannot be determined. After AF occurred, the interval 
between intraatrial potentials (ff interval) and the width 

- of intraatrial potentials (f width) were measured at the 
high right atrium. According to Mines,’ a cycle length 
of the circuit is expressed as follows provided that there 
are no excitable gaps: CL = L/CV where CL, L and 
CV are cycle length of the circuit, anatomic length of 
the circuit and conduction velocity, respectively. In the 
leading circle-type circuit, the wavelength is equal to the 
anatomic length of the circle so that the cycle length is 









riods of the local atrial site were ' palaated by the ff s 
interval basis. We chose the average ff interval as the 
representative of the refractory period instead of the 
shortest ff interval. As conceived in the multiple wavelet 
hypothesis of Moe,? which has recently been confirmed 
by the experimental work done by Allessie et al, multi- 
ple circulating impulses may be passing by the record- 
ing site, a bipolar electrode in the high right atrium. 
Thus, we considered the average ff interval to be prefer- 
able as the correlative for refractory periods to the 
shortest value of ff interval. However, we considered 
that the conduction velocity correlated inversely with 
the width of intraatrial potentials. Accordingly, if im- 
pulses pass over the bipolar electrodes more slowly, the 
duration of the potentials will be longer. Therefore, we 
defined the wavelength index as: wavelength index = 
(mean ff interval) /(mean f width). 

The mean ff interval was defined as an arithmetic 
averaged. value of a series of 10 ff intervals sampled 
from the high right atrial electrogram. Though there 
are no isoelectric lines in the standard electrocardio- 
gram of AF, some isoelectric portions can be seen in the 
intraatrial electrograms during AF. Thus, the mean f 
width was defined as an arithmetic mean of the dura- 
tions in 10 intraatrial potentials that belonged to the 
above-mentioned series of electrograms. 

Disopyramide administration: Disopyramide of 1.5 
mg/kg was administered intravenously to’ 4 group 2 pa- 
tients after a 30-minute continuation of AF. Intracardi- 
ac electrograms were recorded continuously for 30 min- 
utes after drug infusion. 

Statistics: Statistical analysis was performed using 
Student’s z test and a paired ¢ test when appropriate. A 
p value <0.05 was considered significant. All data were 
presented as mean + standard deviation. 


RESULTS 

Clinical electrophysiology: Electrophysiologic fea- 
tures are summarized in Table I. Atrial effective refrac- 
tory periods could not be compared precisely between 
groups 1 and 2 because such periods were undetermined 
because of easily occurring AF or other atrial arrhyth- 
mias in some group | patients and in half of the group 2 
patients. However, there were no significant differences 
in atrial effective refractory periods between groups 1 
and 2. Neither were there significant differences in the 
AH interval, HV interval or intraatrial conduction time 








TABLE It Data Presentation 





Initial vs Termination 


Initial vs Termination 








Group 1 vs Group 2 (group 1) (group 2/disopyramide) 
Mean ff 176% 23 157 +21 176423 194+ 23). 1494 300. 173-4 6 
| Gms) Layee soot magmas 8 f 
Mean f width 135+18 144421 135+18 13334 20 128+ 27. 137 2.8 








ARS) 





a Wales as mean + standard deviation: 
‘ ApS 008: tp <0.01; tp-< 0.001. 
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(PA interval i in n the His bundle s electrogram) between 
d groups... 

-< Wavelength index: Data concerning wavelength i in- 
- dezes are presented in Table Il and Figure 1. Wave- 
length indexes just after the onset of AF in group 1 
©: were higher than those in group 2. On the other hand, 
- the average ff intervals were longer in group 1 than in 
group 2 (p <0.05) and the average f widths were some- 
what shorter in group 1 than in group 2, although statis- 
tical significance was not present. In group 1, wave- 
length indexes increased significantly just before the 
termination of AF compared. with the initial values (p 
<0.001); the average ff intervals lengthened compared 


< FIGURE 1. Mean ff interval (FF), mean f 
owidth (FW), and wavelength index (WLI). 
oe te i Te cele at ie eek 
oft atrial 


fibrillation (AF) between group 
ett edn tr oh wheal a 
values at the termination of AF in group 1; 
C., alteration in values in group 2 patients 
to whom disopyramide was administered 
_ during AF (gr 2/diso). Individual data are 
presented in Table Il. NS = not significant. 
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with the initial values (p <0.01). A similar trend was 
observed in the wavelength indexes when AF terminat- 


ed in 3 group 2 patients after intravenous administra- 


tion of disopyramide. Accordingly, wavelength indexes : 


increased just before termination of AF (p <0.05); the 
average ff intervals were also lengthened, although not 


statistically significantly. In the patient whose AF did — : 5 


not terminate after disopyramide infusion, the arrhyth- 
mia discontinued 3 hours after the electrophysiologic 
study so that alteration in the wavelength index could 
not be estimated. Examples of electrophysiologic conse- 
quences in individual patients are shown in Figures 2,3- 
and 4, 
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Varais ade were previously performed to clarify 
a the mechanism underlying AF. Some studies favored an 
abnormal focus (foci) for the mechanism of genesis of 
L AF.!0-12 Vagal stimulation should depress automatici 
ties, whereas vagal stimulation usually accelerates the 
- atrial rates of AF by shortening of the refractory peri- 
- ods.!3.14 At least an ectopic-focus hypothesis is not likely 
to account for the mechanism. underlying AF mainte- 
nance. It has been increasingly evident that small reen- 
trant circuits in the myocardial tissues constitute an im- 
portant mechanism of atrial tachyarrhythmias.' In 




















1000. ms 











contrast, macrorcenirant loops iaeopomntine a freda an- 
atomic pathway contribute to the mechanism of circus 
“movement tachycardia in the Wolff-Parkinson-White 


syndrome and some cases of atrial flutter. Such — 
kinds of arrhythmia are stable when the length of the 
anatomic circuit is longer than the wavelength of the 
electrical impulse. The difference between the anatomic 
length and wavelength is the excitable gap. 

Recent studies supported multiple wavelets based on 
microreentrant circuits for the AF maintenarice mecha- 
nism.*3© These microreentrant circuits do not involve a 
gross anatomic obstacle and are determined by elec- 




















FIGURE 3. Electrophysiologic conse- 
quences in a group 2 patient with parox- 
AR Aes ee BY NS d or 1 A h 2 n $ tk shin ~. | ysmal atrial fibrillation. A., intracardiac 
a on Pak electrograms during sinus rhythm; the 
CS e e e irii i ie | wavelength index was calculated as 1.09 
; ; atrial fibrillation . LIRA = fo 
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trophysiologic properties. The size of intramyocardial 
“reentrant circuits without a gross anatomic obstacle is 
< determined by electrophysiologic properties and is com- 
patible to the wavelength. With this background, circu- 
lating impulses of AF are considered to travel along the 
` shortest possible route, resulting in a connection of tail 
and head of the impulse.!7? The wavelength of micro- 
teentrant circuits of AF cannot be measured directly by 
electrodes in an electrophysiologic study. However, we 
defined the wavelength index, a semiquantitative value, 
as the aforementioned expression. During AF, the wave- 
length indexes in group 1 were longer than those in 
group 2, which implies that AF is likely to terminate if 
the size of the microreentrant circuit is larger. Provided 
that the size of the reentrant circuit is larger, a greater 
amount of slow conduction is necessary to maintain the 
arrhythmia incorporating the circuits. In contrast, such 
arrhythmia is stabilized because the circuit size is small. 

Wavelength indexes in all of the group 1 patients 
increased just before AF terminated spontaneously. 
This fact implies either that microreentrant circuits ex- 
‘tend just before termination or that slow conduction is 

‘cancelled at the conversion to a sinus rhythm. When 
lengthening of wavelength occurs, slow conduction will 
relatively decrease and a collision of the impulse with 
another impulse is more probable. A prolongation of the 
wavelength may result in an incremental change in the 
average value in the circuit size. The total number of 
wandering impulses will decrease and the opportunity to 
promote fusion and disappearance of wavelets will in- 
crease because the tissue quantity in a definite atrium is 
constant. Our hypothesis on the relation between the 

wavelength index and the characteristics of a reentrant 
circuit is presented in Figure 5. 

‘Dysopyramide is a useful drug for terminating AF 
and maintaining sinus rhythm in humans.'*-?° How- 
ever, the underlying mechanism for termination of AF 
and maintenance of sinus rhythm caused by this drug is 
not clearly understood. For example, class Ia antiar- 
rhythmic drugs of Vaughan Williams’ classification will 
prolong refractoriness of the atrium, but these drugs 
may deteriorate slow conduction by decreasing conduc- 
tion velocity to a certain degree. In 3 group 2 patients, 
wavelength indexes increased just before AF terminated 
as a result of the intravenous administration of disopyr- 

amide. The incremental change in wavelength indexes 

_ was mainly due to prolongation of the ff interval with- 
out significant changes in the f width. Prolongation of 
the refractory periods caused by disopyramide resulted 

-in extension of the circuits, which was considered to be 
a major determinant for termination of AF. Thus, a 

condition required for the drug to terminate AF and to 

«maintain sinus rhythm is to prolong refractory periods 
without enhancing slow conduction. However, currently 

available drugs cannot satisfy this condition absolutely. 

_ It is important to develop medications that prolong re- 
-fractory periods without decreasing conduction velocity 
resulting in the incremental alteration in the wave- 

_ length. ; 

Study limitation: It is impossible to measure the 

_ wavelength of the impulse during AF directly, and our 

_ wavelength index is a semiquantitative value reflecting 
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FIGURE 5, Relation between wavelength and reentrant loop. 
The wavelength is the product of refractory period (RP) and 
conduction velocity (CV). Refractory periods are correlated 
with the mean ff interval (FF) and the conduction velocity is 
correlated inversely with the mean f width (FW). Thus, the. 
wavelength index (WLI) was defined as: WLI = FF/FW. Elec- 
trogram = intraatrial potentials, the configurations of which 
are considered to be related to the characteristics of reentrant 
circuits. See text for details, 








the size of microreentrant circuits. Wavelength indexes 
were measured solely in the high right atrium because 
atrial deflections were difficult to identify because of 
superimposing ventricular electrograms in other por- 
tions of the atria. We do not believe that the high right 
atrium is the sole portion involved in the maintenance of 
AF. Thus, further studies on the other parts of the atri- 
um are necessary. 

An analysis of wavelength is not sufficient as an ex- 
planation of the origin of AF; vulnerability of atrial 
muscle and abnormal cellular electrophysiologic proper- 
ties are important factors for elucidating the origin of 
AF.?!.22 In contrast, abnormal electrophysiology, which 
shortens refractory periods and decreases conduction ve- 
locity, will make the wavelength shorter. Thus, atrial 
vulnerability based on abnormal cellular electrophysiol- 
ogy may in part reflect a shorter wavelength from the 
perspective of the macroscopic mechanism. Further- 
more, anisotropy in electrical properties in the atria is 
also considered to be involved in the origin and perpetu- 
ation of AF. Structural complexities produced by the 
inhomogeneous distribution of the connections between 
cells and between muscle bundles are important in the 
propagation of depolarization in cardiac muscle.?>*4 
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Liver dysfunction 


Most commonly occurring side It is recommended that 


liver function tests be 
performed during therapy 
effects comparable to placebo a pple 
transaminase levels, including 
; ALT (SGPT), should be 
oe f Placebo monitored before treatment 
Adverse Effect (n=1,583) (n=157) begins, every 6 weeks for the 
first 3 months, every 8 weeks 


o, oy during the remainder of the 
Headache 3.5% oe first year, and periodically 


. , thereafter (e.g., at 

Abdominal pain 3.2 3.2 approximately 6-month 

Constipation 2.3 1.3 viajei 

Skeletal muscle 

Upper respiratory infection 1: Myopathy should be considered in 
Pp P y 2.1 ? any patient with diffuse myalgias, 
; muscle tenderness or weakness, 

Diarrhea 1.9 2.5 and/or marked elevation of CPK 


Patients should be advised to 
Flatulence 1.9 1.3 report promptly unexplained 


: muscle pain, tenderness, or 

Asthenia 1.6 2.5 weakness, particularly if 
accompanied by malaise or fever 

1.9 Simvastatin therapy should be 

; discontinued if markedly elevated 

Dyspepsia 1.1 CPK levels occur or if myopathy is 

diagnosed or suspected. 





























Nausea 1.3 








Adverse experiences occurring at an incidence 2 1% in patients treated with ZOCOR 
in controlled clinical trials, regardless of causality. 


In controlled clinical trials and open extensions (n=2,423), 
Only 1.4% of patients were discontinued For a Brief Summary of Prescribing 


Information, please see the last 


due to a drug-related adverse event. page of this advertisement. 
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(SIMVASTATIN? 
ZOCOR is available in 5-mg, 10-mg, 
20-mg, and 40-mg tablet strengths. 


CONTRAINDICATIONS: Hypersensitivity to any component of this 
medication 

Active liver disease or unexplained persistent elevations of serum 
transaminases (see WARNINGS). 

Pregnancy and lactation. Atherosclerosis is a chronic process, and the 

discontinuation of lipid-lowering drugs during pregnancy should have little 
impact on the outcome of long-term therapy of primary hypercholesterolemia 
Moreover, cholesterol and other products of the cholesterol biosynthesis 
pathway are essential components for fetal development, including synthesis 
of steroids and cell membranes. Because of the ability of HMG-CoA reductase 
inhibitors such as ZOCOR” (Simvastatin) to decrease the synthesis of 
cholesterol and possibly other products of the cholesterol biosynthesis 
pathway, ZOCOR may cause fetal harm when administered to a pregnant 
woman. Therefore, simvastatin is contraindicated during pregnancy and in 
nursing mothers. Simvastatin should be administered to women of 
childbearing age only when such patients are highly unlikely to 
conceive. If a patient becomes pregnant while taking this drug, simvastatin 
should be discontinued and the patient should be apprised of the potential 
hazard to the fetus. 
WARNINGS: Liver Dysfunction: Persistent increases (to more than 
3 times the upper limit of normal) in serum transaminases have 
occurred in 1% of patients who received simvastatin in clinical 
trials. When drug treatment was interrupted or discontinued in these 
patients, the transaminase levels usually fell slowly to pretreatment levels. 
The increases were not associated with jaundice or other clinical signs or 
symptoms. There was no-evidence of hypersensitivity. 

It is recommended that liver function tests be performed during 
therapy with simvastatin. Serum transaminase levels, including 
ALT (SGPT), should be monitored before treatment begins, every 6 
weeks for the first 3 months, every 8 weeks during the remainder 
of the first year, and periodically thereafter (e.g., at approximately 
6-month intervals). Special attention should be paid to patients who 
develop elevated serum transaminase levels. and in these patients, 
measurements should be repeated promptly and then performed more 
frequently. If the transaminase levels show evidence of progression, 
particularly if they rise to 3 times the upper limit of normal anc are persistent, 
the drug should be discontinued. Liver biopsy should be»considered if 
elevations persist beyond the discontinuation of th drug. 

The drug should be used with caution in patients who consume 
substantial quantities of-alcohol and/or have a past history of liver disease. 
Active liver diseases or unexplained transaminase elevations are 
contraindications to the use of simvastatin. 

As with other lipid-lowering agents, moderate less than 3 times the upper 
limit of normal) elevations of serum transamimases have deen reported 
following therapy with simvastatin. These chenges appeared soon alter 
initiation of therapy with simvastatin, were often transient, were not 
accompanied by any symptoms, and did not require interruption of treatment. 
Skeletal Muscle: Rare cases of rhabdomyolysis with acute renal failure 
secondary to myoglobinuria have been associated with simvastatin therapy 
Rhabdomyolysis has also been associated with other HMG-CoA reductase 
inhibitors when they were administered alone or concomitantly with 1) 
immunosuppressive therapy, including cyclosporine in cardiac transplant 
patients; 2) gemfibrozil or lipid-lowering doses (21 g/day) of nicotinic acid in 
non-transplant patients; or 3) erythromycin in seriously ill patients. Some of 
the patients who had rhabdomyolysis in association with the reductase 
inhibitors had preexisting renal insufficiency, usually as a consequence of 
longstanding diabetes. In most subjects who have had an unsatisfactory lipid 
response to either simvastatin or gemfibrozil alone, the possible benefits of 
combined therapy with these drugs are not considered to outweigh the risk of 
severe myopathy, rhabdomyolysis, and acute renal failure While it is not 
known whether this interaction occurs with fibrates other than gemfibrozil, 
myopathy and rhabdomyolysis have occasionally been associated with the use 
of other fibrates alone, including clofibrate. Therefore, the combined use of 
simvastatin with other fibrates should generally be avoided, 

Physicians contemplating combined therapy with simvastatin and lipid- 
lowering doses of nicotinic acid or with immunosuppressive drugs should 
carefully weigh the potential benefits and risks and should carefully monitor 
patients for any signs or symptoms of muscle pain, tenderness, or weakness, 
particularly during the initial months of therapy and during any periods of 
upward dosage titration of either drug. Periodic creatine phosphokinase (CPK) 
determinations may be considered in such situations, but there is no assurance 
that such monitoring will prevent the occurrence af severe myepathy 

Because of an apparent relationship between myopathy and increased plasma 
levels of active metabolites derived from other HMG-CoA reductase inhibitors, 
the daily dosage should not exceed 10 mg/day in patients who are taking 
cyclosporine (see DOSAGE AND ADMINISTRATION in Prescribing Information). 

Simvastatin therapy should be temporarily withheld or 
discontinued in any patient who has an acute, serious condition 
suggestive of a myopathy or who has a risk factor predisposing to 
the development of renal failure secondary to rhabdomyolysis 
(e.g., severe acute infection, hypotension, major surgery, trauma, 
severe metabolic. endocrine, and electrolyte disorders, and 
uncontrolled seizures). 

Myopathy should be considered in any patient with diffuse myalgias, 
muscle tenderness or weakness, and/or marked elevation of CPK. Patients 
should be advised to report promptly unexplamed muscle pain, tenderness, 
or weakness, particularly if accompanied by malaise or fever. Simvastatin 
therapy should be discontinued it markedly elevated CPK levels occur or if 
myopathy is diagnosed or suspected 
PRECAUTIONS: General: Before instituting therapy with ZOCOR an attempt 
should be made to control hypercholesterolemia with appropriate diet, exercise, 
and weight reduction in obese patients and to {reat other underlying medical 
problems (see INDICATIONS AND USAGE in Prescribing Information) 

Simvastatin may cause elevation of CPK and transaminase levels (see 
WARNINGS and ADVERSE REACTIONS). This should be considered in the 
differential diagnosis of chest pain in a patient on therapy with simvastatin 
Homozygous Familial Hypercholesterolemia: Z0COR is less effective 
in patients with the rare homozygous familial hypercholesterolemia, 
possibly because these patients have few functional LDL receptors 
Information for Patients: Patients should be advised to report promptly 
unexplained muscle pain, tenderness, cr weakness, particularly if 
accompanied by malaise or fever 


Drug Interactions: Immunosuppressive Drugs, Gemfibrozil, Niacin 
(Nicotinic Acid), Erythromycin: See WARNINGS, Skeletal Muscle. 

Antipyrine: Because simvastatin had noveffect on the pharmacokinetics of 
antipyrine, interactions with other drugs metabolized via the same 
cytochrome isozymes are not expected. 

Propranolol: In healthy male volunteers, there was a significant decrease in 
mean Cmax, but no change in AUC, for simvastatin total and active inhibitors 
with concomitant administration of single doses of ZOCOR” (Simvastatin) and 
propranolol. The clinical relevance of this finding is unclear. The 
pharmacokinetics of the enantiomers of propranclol were not affected 

Digoxin: Concomitant administration of a single dose of digoxin in healthy 
male volunteers receiving simvastatin resulted in a slight elevation (less than 
0.3 ng/mL) in digoxin concentrations in plasma (as measured by a 
radioimmunoassay) compared to concomitant administration of placebo and 
digoxin. Patients taking digoxin should be monitored appropriately when 
simvastatin is initiated 

Warfarin: Simvastatin therapy appeared to enhance slightly the 
anticoagulant effect of warfarin (mean changes in prothrombin time less than 
2 seconds) in normal volunteers maintained in a state of low therapeutic 
anticoagulation. With other reductase inhibitors, clinically evident bleeding 
and/or increased prothrombin time has been reported in a few patients taking 
coumarin anticoagulants concomitantly. In such patients, prothrombin time 
should be determined before starting simvastatin and frequently enough 
during early therapy to insure that no significant alteratien of prothrombin time 
occurs. Once a stable prothrombin time has been documented, prothrombin 
times can be monitored at the intervals usually recommended for patients on 
coumarin anticoagulants. If the dose of simvastatin is changed, the same 
procedure should be repeated. Simvastatin therapy has not been associated 
with bleeding or with changes in prothrombin time in patients not taking 
anticoagulants 

Other Concomitant Therapy: Although specific interaction studies were not 
performed, in clinical studies, simvastatin was used concomitantly with 
angiotensin-converting-enzyme (ACE) inhibitors, beta bleckers, calcium channel 
blockers, diuretics, and nonsteroidal anti-inflammatory drugs (NSAIDs) without 
evidence of clinically significant adverse interactions. Theveffect of cholestyramine 
on the absorption and kinetics of simvastatin has not beer determined. 
Endocrine Function: HMG-CoA reductase inhibitors interfere with 
cholesterol synthesis and as such might theoretically blunt adrenal and/or 
gonadal steroid production. However, clinical studies have shown that 
simvastatin does not reduce basal plasma cortisol concentration or impair 
adrenal reserve and does not reduce basal plasma testosterone concentration 
(see CLINICAL PHARMACOLOGY, Clinical Studies in Prescribing 
Information). Another HMG-CoA reductase inhibitor has been shown to 
reduce the plasma testosterone response to HCG; the effect of simvastatin on 
HCG-stimulated testosterone secretion has not been studied. 

Results of clinical trials with drugs in this class have been inconsistent with 
regard to drug effects on basal and reserve steroid levels. The effects of HMG- 
CoA reductase inhibitors on male fertility have not been studied in adequate 
numbers of male patients. The effects, if any, on the pituitary-gonadal axis in pre- 
menopausal women are unknown. Patients treated with simvastatin who develop 
Clinical evidence of endocrine dysfunction should be evaluated appropriately 
Caution should also be exercised if an HMG-CoA reductase inhibitor or other 
agent used to lower cholesterol levels is administered to patients who are also 
receiving other drugs (e.g., ketoconazole, spironolactone, cimetidine) that may 
decrease the levels or activity of endogenous steroid hormones 
CNS Toxicity: Optic nerve degeneration was seen in clinically normal dogs 
treated with simvastatin for 14 weeks at 180 mg/kg/day, a dose that 
produced mean plasma drug levels about 44 times higher than the mean 
drug level in humans taking 40 mg/day 

CNS vascular lesions, characterized by perivascular hemorrhage and 
edema, mononuclear cell infiltration of perivascular spaces, perivascular 
fibrin deposits, and necrosis of small vessels, were seen in dogs treated 
with simvastatin at a dose of 360 mg/kg/day, a dose that produced plasma 
drug levels that were about 50 times higher than the mean drug levels in 
humans taking 40 mg/day. Similar CNS vascular lesions have been 
observed with several other drugs of this class 

A chemically similar drug in this class also produced optic nerve 

degeneration (Wallerian degeneration of retinogeniculate fibers) in clinically 
normal dogs in a dose-dependent fashion starting at 60 mg/kg/day, a dose 
that produced mean plasma drug levels about 30 times higher than the 
mean drug level in humans taking the highest recommended dose (as 
measured by total enzyme inhibitory activity). This same drug also produced 
vestibulocochlear Wallerian-like degeneration and retinal ganglion cell 
chromatolysis in dogs treated for 14 weeks at 180 mg/kg/day, a dose that 
resulted in a mean plasma drug level similar to that seen with the 
60 mg/kg/day dose. 
Carcinogenesis, Mutagenesis, Impairment of Fertility: \n a 72-week 
carcinogenicity study, mice were administered daily doses of simvastatin of 
25, 100, and 400 mg/kg body weight, which resulted in mean plasma drug 
levels approximately 3, 15, and 33 times higher than the mean human 
plasma drug concentration (as total inhibitory activity) after a 40-mg oral 
dose. Liver carcinomas were significantly increased in high-dose females 
and in mid- and high-dose males, with a maximum incidence of 90% in 
males. The incidence of adenomas of the liver was significantly increased in 
mid- and high-dose females. Drug treatment also signiticantly increased the 
incidence of lung adenomas in mid- and high-dose males and females 
Adenomas of the Harderian gland (a gland ot the eye of rodents) were 
significantly higher in high-dose mice than in controls. No evidence of a 
tumorigenic effect was observed at 25eng/kg/day. Although mice were given 
up to 500 times the human dose (HD) on a mg/kg body weight basis, blood 
levels of HMG-CoA reductase inhibitory activity were only 3 to 33 times 
higher in mice than in humans given 40 mq of ZOCOR. 

In a separate 92-week carcinogenicity study in mice at doses of up to 
25 mg/kg/day, no evidence of a tumorigenic effect was observed. Although 
mice were given up to 31 times the human dose on a mg/kg basis, plasma 
drug levels were only 2 to 4 times higher than in humans given 40 mg 
simvastatin as measured by AUC 

In a 2-year study in rats, there was a statistically significant increase in the 
incidence of thyroid follicular acenomas in female rats exposed to 
approximately 45 times higher levels of simvastatin than humans given 40 mg 
simvastatin (as measured by AUC), Preliminary results from a second 2-year 
rat study indicate an increase in the incidence of thyroid and liver tumors in 
male and female rats at doses that produce exposure levels 229 times 
(based on AUC) those achieved in humans at a dosage of 40 mg/day. Liver 
tumors are found in rodents with all the chemically similar drugs of this 
class. No increased incidence of tumors was observed at doses that 
produce exposure levels 15 times (based on AUC) those seen in man. 

No evidence of mutagenicity was observed in a microbial mutagen test 
using mutant strains of Sa/monelia typhimurium with or without rat or 
mouse liver metabolic activation. In adcition, no evidence of damage to 
genetic material was noted in an in vitro alkaline elution assay using rat 


hepatocytes, a V-79 mammalian cell forward mutation study, an in vitro 
chromosome aberration study in CHO cells, or an in vivo chromosomal 
aberration assay in mouse bone marrow. 

There was decreased fertility in male rats treated with simvastatin for 34 weeks 
at 25 mg/kg body weight (15 times the maximum human exposure level, based 
øn AUC, in patients receiving 40 mg/day); however, this effect was not observed 
during a subsequent fertility study in which simvastatinrwas administered at this 
same dose level to male rats for 11 weeks (the entire eycle of spermatogenesis 
including epididymal maturation). No microscopic changes were observed in the 
testes of rats from either study. At 180 mg/kg/day (which produces exposure 
levels 44 times higher than those in humans taking 40 mg/day), seminiferous 
tubule degeneration (necrosis and loss of spermatogenic epithelium) was 
observed. In dogs, there was drug-related testicular atrophy, decreased 
spermatogenesis, spermatocytic degeneration, anc giant cell formation at 
10 mg/kg/day (approximately 7 times the human exposure level, based on AUC, 
at 40 mg/day). The clinical significance of these findings is unclear 
Pregnancy: Pregnancy Category X. See CONTRAINDICATIONS 

Safety in pregnant women has not been established. Simvastatin was not 
teratogenic in rats at doses of 25 mg/kg/day or in rabbits at doses of up to 
10 mg/kg daily. These doses resulted in 6 times (rat) or 4 times (rabbit) the 
human exposure based on mg/m’ surface area, However, in studies with 
another structurally related HMG-CoA reductase inhibitor, skeletal 
malformations were observec in rats and mice. Simvastatin should be 
administered to women of childbearing potential only when such patients are 
highly unlikely to conceive and nave been informed of the potential hazards. It 
a woman becomes pregnant while taking simvastatin, it should be 
discontinued and the patient should be advised again as to the potential 
hazards to the fetus. 

Nursing Mothers: |t is not known whether simvastatin is excreted in 
human milk. Because a small amount of another drug in this class is 
excreted in human milk and because of the potential for serious adverse 
reactions in nursing infants, women taking simvastatin should not nurse 
their infants (see CONTRAINDICATIONS) 

Pediatric Use: Satety and ef‘ectiveness in children and adolescents have 
not been established. Because children and adolescents are not likely to 
benefit trom cholesterol lowering for at least a decade and because 
experience with this drug is limited (no studies in subjects below the age of 
20 years), treatment of children or adolescents with simvastatin is not 
recommended at this time. 

ADVERSE REACTIONS: In the controlled clinical studies and their open 
extensions (2,423 patients with mean duration of follow-up of approximately 
18 months), 1.4% of patients were discontinued due to adverse experiences 
attributable to ZOCOR® (Simvastatin). Adverse reactions have usually been 
mild and transient. ZOCOR has been evaluated for serious adverse reactions 
in morethan 21,000 patients and is generally well telerated. 

Clinical Adverse Experiences: Adverse experiences occurring at an 
incidence of 1% or greater in patients treated with ZOCOR, regardless of 
causality, in controlled clinica’ studies are shown jn the table below: 


ZOCOR Placebo @holestyramine Probucol 
(N=1,583) (N=157) — (N=179) (N=81) 

Body as a Whole 

Abdominal pain 3.2% 3.2% 8.9% 2.5% 

Asthenia 16 25 11 1.2 
Gastrointestinal 

Constipation 23 13 29.1 12 

Diarrhea 19 25 78 37 

Dyspepsia 4.1 = 45 37 

Flatulence 19 13 145 6.2 

Nausea 1.3 19 10.1 25 
Nervous System/Psychiatric 

Headache 35 51 45 37 
Respiratory 

Upper respiratory infection 2.1 19 34 62 


The following effects have been reported with drugs in this class: 

Skeletal: Myopathy, rhabdomyolysis, arthralgias. 

Neurological: Dystunction of certain cranial nerves (including alteration 
of taste, impairment of extraocular movement, facial paresis), tremor, 
vertigo, memory loss, paresthesia, peripheral neuropathy, peripheral nerve 
palsy, anxiety, insomnia, depression. 

Hypersensitivity Reactions: An apparent hypersensitivity syndrome has 
been reported rarely which has included one or more of the following features: 
anaphylaxis, angioedema, lupus erythematous -like syndrome, polymyalgia 
rheumatica, vasculitis, purpura, thrombocytopenia, leukopenia, hemolytic 
anemia, positive ANA, ESR increase, arthritis, arthralgia, urticaria, asthenia, 
photosensitivity, fever, chills, flushing, malaise, dyspnea, toxic epidermal 
necrolysis, erythema multiforme, including Stevens-Johnson syndrome. 

Gastrointestinal: Pancreatitis; hepatitis, including chronic active hepatitis, 
cholestatic jaundice, fatty change in liver, and, rarely, cirrhosis, fulminant 
hepatic necrosis, and hepatoma; anorexia; vomiting. 

Skin: Alopecia. 

Reproductive: Gynecomastia, loss of libido, erectile dysfunction 

Eye: Progression of cataracts (lens opacities). ophthalmoplegia. 

Laboratory Abnormalities: Elevated transaminases, alkaline phosphatase, 
and bilirubin; thyroid function abnormalities. 

Laboratory Tests: Marked persistent increases of serum transaminases 
have been noted (see WARNINGS, Liver Dysfunction). About 5% of patients 
had elevations of CPK levels of 3 or more times the normal value on one or 
more occasions. This was attributable to the noncardiac traction of CPK. 
Muscle pain or dysfunction usually was not reported (see WARNINGS, 
Skeletal Muscle). 

Concomitant Therapy: |r controlled clinical studies in which simvastatin 
was administered concomitantly with cholestyramine, no adverse reactions 
peculiar to this concomitant treatment were observed. The adverse reactions 
that occurred were limited to those reported previously with simvastatin or 
cholestyramine. The combined use of simvastatin with fibrates should 
generally be avoided (see WARNINGS, Skeletal Muscle). 

OVERDOSAGE: Significant lethality was observed in mice after a single 
oral dose of 9 g/m’. No evidence of lethality was observed in rats or dogs 
treated with doses of 30 and 100 g/m’, respectively. No specific diagnostic 
signs were observed in rodents. At these doses. the only signs seen in dogs 
were emesis and mucoid stools. 

There have been no cases of clinically signiticant 
overdosage with ZOCOR ir humans. Until further experience is 
obtained, no specific treatment of overdosage with ZOCOR can 
be recommended. 
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For more detailed information, consult your MSD Representative 
or see Prescribing Information. Merck Sharp & Dohme, Division of 
MERCK & CO., Inc., West Point, PA 19486. J1Z001(901) 
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-The natural history of imac with severe carotid 


sinus syndrome, and the efficacy of permanent 
pacemaker treatment are not clearly known, A 
randomized treatment/nontreatment prospective 
study was performed in 60 patients affected by 
carotid sinus syndrome ‘whose symptoms were 
judged to involve risk of major trauma or inter- 
fered with their daily activity. They were randomly 
assigned to 2 groups: 28 patients to no therapy 
(nonpacing group), and 32 to VVI (n = 18) or DDD 
. (n= 14) pacemaker implant (pacing group). 

Syncope recurred in 16 patients (57%) of the 
nopacing group (mean follow-up 36 + 10 months) 
and in only 3 (9%) of the pacing group (mean fol- 
low-up 34 + 10 months) (p = 0.0002); moreover, 
19 (68%) in the nonpacing group needed a secon- 
dary pacemaker implant because of the severity of 
symptoms. The actuarial rate of absence of synco- 
pal recurrence after 1, 2, 3 and 4 years was 64, 
54, 38 and 38%, respectively, for the nonpacing 
group, and 100, 97, 93 and 84%, respectively, 

_ for the pacing group (p = 0.0001). The actuarial 

pate of absence of minor symptoms after 1, 2, 3 
and 4 years was 21, 14, 7 and 7%, respectively, 
for the nonpacing group and 66, 43, 27 and 27%, 
respectively, for the pacing group (p = 0.002). Re- 
producibility of carotid sinus reflex was tested af- 
ter 15 + 8 months in 54 patients; an abnormal re- 
sponse to carotid sinus massage persisted in all 
54. 

In conclusion, symptoms recur in most patients 
with untreated carotid sinus syndrome, and pac- 
ing is a useful therapy for preventing recurrences. 

(Am J Cardiol 1992;69:1039-1043) 
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relatively benign condition with a high probabil- 
ity of spontaneous remission of symptoms, and 
a mortality that is unaffected by therapy. Two recent, 
large, uncontrolled studies of pacing therapy in patients 
affected by severe carotid sinus syndrome revealed that 
during long-term follow-up, syncope recurred in 9 to 
13% of patients with cardioinhibitory or mixed types of 
sinus syndrome.'? Uncontrolled studies of untreated or 
medically-treated patients (probably affected by less se- 
vere disease) showed that syncope recurred in only ap- 
proximately a quarter of cases.>~© 
Therefore, questions arise concerning what is the 
real usefulness of pacing therapy and which patients 
need this therapy.‘ In fact, the natural history of pa- 
tients with recurrent severe symptoms is not well 
known, because these patients are usually treated. A 
randomized, prospective study comparing homogeneous 
paced and nonpaced patients could provide answers to 
these questions; in this article, we repert the long-term 
follow-up results of such a study. 


METHODS 

Selection of patients: A group of 60 patients with 
severe carotid sinus syndrome was recruited from No- 
vember 1986 to May 1989 from the emergency room, 
inpatient service or ambulatory program. Preliminary 
short-term results of the first 35 patients enrolled were 
previously presented. t 

To be included in the study, patients had to fulfil the 
following criteria: 1. history of recurrent episodes. of 
syncope or presyncope that: had caused major trauma, 
or was judged to involve risk of future trauma or:death 
because of sudden onset and the activity of the patient: 
or (because of frequency and intensity) caused the pa- 
tient discomfort and interfered with daily activity. 

2. Reproduction of spontaneous symptoms. by means 
of carotid sinus massage that caused a ventricular asys- 
tole lasting =3 seconds. The response to the massage (in 


Ga carotid sinus syndrome is considered a 


absence of cardioactive and vasoactive drugs) had tobe 


reproducible within a few days. Digital massage of the 
carotid sinuses was performed sequentially on the right © 
and left sides for 10 seconds, in the supine and erect 
positions. Surface electrocardiogram and cuff blood 
pressure were monitored continuously. The massage 
was repeated after suppression of the cardioinhibitory 
reflex by intravenous atropine infusion (0:02 mg/kg) to 
assess the contribution of the vasodepressor component 
(which may otherwise be hidden). Carotid sinus syn- 
drome. was defined as cardioinhibitory type when the 
reduction in systolic blood pressure. after atropine ad- 
ministration was <50 mm Hg, and as mixed type when 
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TABLE Features of Nonpaced and Paced Groups Before Ran- 
< domization 









Paced Group 
(n= 32) 


Nonpaced Group 
(n = 28) 















Age (yr +1 3D) 70.1 + 10.7 69.4 + 9.7 | 
Male sex (%) 21 (75%) 27 (84%) | 
Symptoms | 
-= Syncope 27 (96%) 31(97%) | 
+: Mean episodes/pt. 3l +22 34452 | 
| Mean episodes/pz. in 2.1 £2.0 18211 
= previous 12 months 
po Severe dizziness 20 (71%) 20 (62%) 
Mild dizziness 21 (75%) 23 (72%) 
+: Major trauma (frae- 3 (11%) 3 (9%) 
ooo tures) 
Carotid sinus hypersensi- 
tivity 
: Cardioinhibitory type 13 (46%) 14 (44%) 
< Mixed type 15 (54%) 18 (56%) 
| Mean ventricular asys- 7.1+2.0 7.8 42.2 
tole (sec) 
“Associated cardiac dis- 
Overall 18 (64%) 22 (69%) 
-< Atherosclerotic 6 12 
Hypertensive 9 8 
Dilated 1 0 
: Myocardial infarction 2 2 
= Radiologic/echocardio- 15 (54%) 16 (50%) 
graphic cardiac enlarge- 
ment 
Bundle branch block 6 (21%) 6 (19%) 
1? AV block 4 (14%) 1 (3%) 
12 (43%) 12 (38%) 


Mild sinus bradycardia 


AV. = atrioventricular, 





the decrease was 250 mm Hg. This method was widely 
described and validated in previous published reports.” 

3. No other identifiable cause of symptoms despite a 
careful history, full physical examination, baseline labo- 
ratory testing, neurologic evaluation, 12-lead electro- 
cardiogram, prolonged electrocardiographic monitor- 
ing (either ambulatory or telemetry) of =24 hours’ du- 
ration in a coronary care unit, chest x-ray, echocar- 
diographic. evaluation, intracavitary electrophysiologic 
study, and definite evaluation of any clinical or histori- 
cal finding suggestive of another cause of the symptoms. 

Because carotid sinus syndrome frequently coincides 
with sinus or atrioventricular node dysfunction?“ we 
included. patients with mild signs of sinus dysfunction 
or atrioventricular conduction abnormalities that were 
judged clinically insufficient to cause symptoms. Fur- 
thermore, we excluded patients with: persistent diurnal 
-sinus bradycardia <50 beats/min; intermittent or mild 
sinus bradycardia <60 beats/min with abnormal elec- 
trophysiologic evaluation of sinus node function (abnor- 


mal intrinsic heart rate <2 SD of age-related predicted 


‘normal value,!® or sinus node recovery time >2 sec- 
-onds); 2- or 3-degree atrioventricular block; baseline 
-HY interval =70 ms; or infrahisian 2- or 3-degree atrio- 
ventricular block during incremental atrial pacing or in- 
travenous maline administration (1 mg/kg). The list- 
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ed electrocardioueaniie abnormalities v were present i ino 
18 patients who were therefore. excluded. 

Initially, 79 patients were identified. Of these, 19 pà- : 
tients were excluded because of: extremely severe symp- 
toms that needed an immediate pacemaker implant (6 _ 
cases); or difficulty in obtaining reliable data during fol- 
low-up because of advanced age, mental state or remote | 
place of residence of the patient, or refusal to partici- 
pate in the study, or a combination (13). The remaining 
60 patients underwent randomization. Their clinical 
characteristics are listed in Table I. 

Study protocol: A randomized treatment/nontreat- 
ment prospective comparative study was undertaken. 
The randomizing sequence was obtained from.a table of 
random numbers. Patients assigned to the pacing group 
(n = 32) promptly received a permanent VVI (n = 18) 
or DDD (n = 14) pacemaker. The VVI mode was pre- 
ferred for the cardioinhibitory type of carotid sinus syn- 
drome without symptomatic VVI pacemaker effect (in 
standing position) and for the mixed type without symp- 
tomatic pacemaker effect, ventriculoatrial conduction or 
orthostatic hypotension; the DDD mode was reserved 
for the other cases. The decision was obtained on. the 
basis of previous studies”!! showing that when a proper 
preimplant stratification of VVI failure risk is per- 
formed, the subsequent outcome of VVI-paced: patients 
is as favorable as that of DDD-paced ones. The non- 
paced patients received neither pacemaker nor any oth- 
er therapy. All patients were advised against use of 
medications that potentially influence the carotid sinus 
reflex (i.e, 8 blockers, digitalis, antiarrhythmic drugs, 
and so forth). 

During follow-up patients were trained to record 
their symptoms daily in a diary according to the fol- 
lowing definitions (modified from Morley et al)!?: mild 
dizziness: dizziness, sudden weakness, lightheadedness, 
near fainting. blurring of vision, confusion not requiring 
change of posture, and insufficient to interfere with ac- 
tivity; severe dizziness: same as mild dizziness, but re- 
quiring patients to change posture or preventing activi- 
ty; and syncope: sudden unexplained loss of conscious- 
ness. Patients were also examined in our departments 
after 1, 2 and 4 months, and then every 6 months. 

Statistical analysis: Student’s ¢ test for unpaired 
data was used for quantitative comparisons; the Fisher 
exact test was used for comparison between proportions; 
the symptom recurrence rate of the study cohorts was 
estimated with the Kaplan-Meier actuarial life-table 
method and compared with p value. based on the log- 
rank test.!3.!¢ 


RESULTS. 

Natural history of carotid sinus syndrome: The 
rates of recurrence of syncope and minor symptoms in 
the nonpacing group during the 36 + 10- months of fol- 
low-up are summarized. in Table I, and Figures {and 
2; at 1, 2, 3 and 4 years, the actuarial rates of absence 
of syncope were 64, 54, 38 and 38%, respectively, and 
those of absence of any symptoms were 21, 14, 7 and 
7%, tespectively. When follow-up was subdivided into 
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_ consecutive 6-month periods (4 months for the first pe- 

riod), symptoms occurred in a minority of total periods 
(Table TD). Actuarial rates for absence of syncope were 
milar i in the cardioinhibitory and mixed forms (Fig- 







neteen patients (68%) needed secondary pace- 
aker implant, because of recurrence of severe symp- 
toms. No patient had major syncope-related trauma 
: during follow-up. 

Comparison between paced and nonpaced patients: 
2 Clinical and laboratory investigation revealed that the 2 
-groups resulting from randomization were sufficiently 
“homogeneous (Table I). 

During the 34 + 10 months of follow-up, the pacing 
group was characterized by a significantly lower rate of 
recurrence of symptoms (Table II, and Figures 1 and 
2). Indeed, actuarial rates after 1, 2, 3 and 4 years re- 
vealed absence of syncope in 100, 97, 93 and 84% of 
patients, respectively, and absence of any symptoms in 
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FIGURE 1. Actuarial rates of recurrence’ of syncope (Kaplan 
Meier estimate) in groups of patients randomized to pacemak- 
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_ FIGURE 2. Actuarial rates of recurrence of syncope or minor 
symptoms (Kaplan-Meier estimate) in groups of patients ran- 

-domized to pacemaker implant (Pm) or no therapy (No Pm). 

-Actuarial rate of subgroup of initially nonpaced patients who 

-later received a secondary pacemaker implant (Pm2) is super- 


66, 43, 27 and 27% of patients, respectively. Syncope 
recurred in 1 patient with a VVI pacemaker and in 2 
with a DDD pacemaker. Statistically significant differ- 
ences in rates of syncopal recurrence between the 2 
groups also persisted when patients were subdivided into 
cardioinhibitory and mixed subgroups of carotid sinus 
syndrome (Figure 3). 

Withdrawal from nonpacing group: After 8.2 + 10 
months, 19 patients withdrew from follow-up, because 
they needed a pacemaker implant {VVI in 12 cases, 


DDD in 7). The reasons for implant were recurrence of : o 
syncope, alone or in association with minor symptoms 
(n = 15), or frequent recurrence of distressing severe or 
mild dizziness (n = 4). The decision to implant was ob- 


tained by us in cases with syncopal recurrences and was 


requested by the patient or physician in other cases. : 


Pacing mode was determined according to the afore- 
mentioned criteria (see Methods). 

An intrapatient comparison was performed between 
the periods before and after secondary pacemaker im- 





TABLE Hi Follow-Up Results in Paced and Nonpaced Groups 











Nonpaced Group Paced Group < p Value. 
Syncope ee 
Total pts. 16 (57%) 3 (9%) 0.0007 
Total episodes 22 4 ; 
Syrnptomatic/asymp- 16/112 (14%) 3/219 (1%) 
tomatic follow-up* 
Severe dizziness 
Total pts. 9 (32%) 8(25%) 0.37 
Symptomatic/asymp- 11/112 (10%) 10/219 (5%) 
tomatic follow-up* 
Mild dizziness 
Total pts. 18 (64%) 22 (69%) 0.46 
Symptomatic/asymp- 34/112 (30%) 40/219 (18%) 
tomatic follow-up* 
Secondary pacemaker 19 (68%) mm 
implant 








*For each patient, follow-up wag subdivided into consecutive G-miontk: periods (4 
months for first period after randomization); numbers represent sum of symptomatie or 
asymptomatic periods of all patients. 
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FIGURE 3. Actuarial rates of recurrence of syncope (Kaplan- 
Meyer estimate) in patients with cardicinhibitory (CI) and 
mixed (M) types of carotid sinus syndrome in paced (Pm) and 
nanpaoa (Mo Pun) urais. me = not significant. 
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no therapy who later received 


plant (Figure 4). The actuarial rates of absence of sya- 
cope and any symptoms after the secondary pacemaker 
implant were similar to those observed in the pacing 
group (Figures 2 and 3). At 1, 2 and 3 years, the pre- 
dicted rates of absence of syncope were 94, 94 and 84%, 
respectively, and those of absence of any symptoms 
were 49, 28 and 20%, respectively. 

Reproducibility of the carotid sinus reflex: Carotid 
sinus massage was repeated in 54 patients after 15 + 8 
months (range 2 to 30) to study the long-term develop- 
ment of the carotid sinus reflex. In paced patients, the 
massage was performed during the temporary inhibition 
. of the stimulus output of the implanted generator. The 
test remained positive in all 54 patients (100% repro- 
ducibility), with both >3-second asystole and reproduc- 
, tion of symptoms. Mean asystole was 7.7 + 2.1 seconds 

(range 3 to 13) during the initial carotid sinus massage, 
and 6.5 + 1.6 seconds (range 3 to 10) during the second 
massage. Of 49 patients who had syncope induced dur- 
ing the first test, 46 had syncope again during the sec- 
ond one (3 only dizziness); of 5 patients who had dizzi- 
ness during the first test, 4 had dizziness again during 
the second one (1 syncope). 
Major clinical events: During follow-up we observed 
9 deaths, resulting in a 5-year actuarial predicted sur- 
vival of 67%; 4 deaths occurred in the pacing group 
(3 cardiovascular norsudden and 1 noncardiovascular), 
and 5 occurred in the nonpacing group (2 cardiovascu- 
lar nonsudden, 1 sudden and 2 noncardiovascular). 
The following nonfatal clinical events occurred in 
¿the pacing and nonpacing groups: stroke (5 vs 5), myo- 
cardial infarction (1 vs 4), atrial fibrillation (4 vs 6) and 


"asymptomatic ventricular tachycardia (0 vs 1). No oth- 


er cause for syncope was found in any patient during 
follow-up. 


DISCUSSION 
Natural history of carotid sinus syndrome: This 
study found that the natural history of the severe carot- 





id sinus , syndrome (for which at een the indication : 
for pacemaker therapy is often considered) i is character- 
ized by a high rate of symptom recurrence (Table II, 
and Figures 1 and 2); although many patients have eare- 
ly recurrences, others remain free of symptoms for a 
long time. A pacemaker implant is frequently necessary 
because of recurrences. 

Therefore, the natural history of severe carotid sinus 
syndrome appears to be worse than that of less severe 
forms described in the literature, which are not usually 
paced. Sugrue et al* observed recurrence of syncope in 3 
of 13 nontreated patients (23%) and in 4 of 20 medical- 
ly treated ones (20%) affected by syncope or presyncope 
during a median 39-month follow-up. Huang et al? ob- 
served recurrence of syncope in 1 of 8 untreated pa- 
tients (12%) during 42 + 19 months of follow-up. A 
27% recurrence rate of syncope was observed by Brig- 
nole et aló in 242 patients affected by cardioinhibitory 
and vasodepressor types of carotid sinus syndrome dur- 
ing 44 + 24 months of follow-up. The fact that natural 
history is determined by clinical presentation was also 
confirmed by the study of Blanc et alf who, during 29 + 
16 months of follow-up, observed recurrence of syncope 
in 9 of 18 patients (50%) with history of syncope and in 
1 of 15 (7%) with history of dizziness, or no symptoms. 
A similar outcome was observed by Walter et al.'5 

Whereas recurrence of symptoms is unpredictable, 
reproducibility of the abnormal reflex to carotid sinus 
massage is excellent. Such reproducibility has been 
questioned by other investigators? who noted a fluctua- 
tion in carotid sinus sensitivity, with normal responses 
during symptom-free periods. An explanation for our 
good reproducibility is that our patients had severe asys- 
tolic reflexes and that we used a standardized stimula- 
tion protocol. 

Effects of cardiac pacing: Because of its randomized 
design, the results of this study are unequivocal and 
demonstrate the use of pacing therapy in patients with 
the cardioinhibitory and. mixed forms of carotid sinus 
syndrome (Table II, and Figures 1 and 2). The favor- 
able effect of cardiac pacing was also proved in patients 
of the nonpacing group who received the secondary 
pacemaker implant, because of recurrence of severe 
symptoms (Figures 1, 2 and 4). Indeed, after the im- 
plant, the actuarial curve of absence of symptoms in this 
subgroup was comparable to that of the pacing group. 

However, during long-term follow-up syncope can 
occasionally recur (as well as minor symptoms), even if 
the frequency of recurrence, and the ratio between 
symptomatic and asymptomatic periods dramatically 
decrease in comparison with those of untreated patients. 
Other long-term studies showed similar percentages of 
recurrence of symptoms despite pacing therapy!?; re- 
currences have been underestimated in studies with 
short-term follow-up.!115.!6 
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Usefülness o of Clinical Characteristics i in 
"Predicting the Outcome of Electrophysiolegic 
‘Studies in Unexplained Syncope 


William B. Bachinsky, MD, Mark Linzer, MD, Leisa Weld, PhD, and N. A. Mark Estes Ill, MD 


Guidelines for the use of electrophysiologic stud- 
ies in syncope have not yet been formulated. To 
confirm the sensitivity and specificity of a previ- 
ously derived model to predict the results of elec- 
trophysiologic testing in syncope, the importance 
of 6 clinical predictors was assessed in a new data 
set of 141 consecutive patients with unexplained 
syncope who were referred for electrophysiologic 
studies. The 6 predictors were: organic heart dis- 
ease; premature ventricular beats, sinus bradycar- 
dia, first-degree heart block and bundle branch 
block by electrocardiogram; and nonsustained 
ventricular tachycardia by Holter monitor. Organ- 
ic heart disease and nonsustained ventricular 
tachycardia by Holter monitoring were highly sen- 
sitive for serious ventricular tachyarrhythmias at 
electrophysiologic study (sensitivity 100%), 
whereas sinus bradycardia, first-degree heart 
block or bundle branch block by electrocardio- 
gram were sensitive for bradyarrhythmic out- 
comes (sensitivity 79%). Because these variables. 
are so sensitive for serious outcomes of electro- 
physiologic testing in syncope, invasive studies in 
patients without these clinical predictors are likely 
to be of very low diagnostic yield. 

(Am J Cardiol 1992;69:1044-1049) 
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postural tone, is a prevalent,' disabling,? expen- 

sive? and dangerous clinical disorder that is often 
difficult to diagnose. Electrophysiologic testing has 
evolved as a useful diagnostic tool in syncope,” ° with a 
large proportion of syncope patients in several series 
demonstrating severe conduction abnormalities or se- 
rious tachyarrhythmias during electrophysiologic test- 
ing.!°-'5 However, guidelines for the use of electrophysi- 
ologic testing in syncope have not been developed, and 
whereas 2 studies proposed predictive models for this 
purpose,'*!” neither model has undergone systematic 
validation. 

In a recent study, Linzer et al’? developed a model 
for predicting the outcome of electrophysiologic testing 
in syncope by using logistic regression in a data base’ of 
179 patients. Six clinical predictors were found. Three 
variables predicted ventricular tachyarrhythmias (or- 
ganic heart disease, frequent premature ventricular con- 
tractions by electrocardiogram, and nonsustained ven- 
tricular tachycardia by Holter monitoring) and 3 pre- 
dicted bradyarrhythmic outcomes (sinus bradycardia, 
first-degree heart block and bundle branch block by 
electrocardiogram). These variables. had excellent sensi- 
tivity (87%) for detecting patients with positive electro- 
physiologic studies, although the specificity was predict- 
ably lower (55%). The model was preliminarily vali- 
dated on a separate data set of 135 patients generated 
from. the clinical literature. Of note, the ability of the 
model to detect patients with life-threatening ventricu- 
lar arrhythmias at electrophysiologic study ranged from 
88% in the validation sample to 100% in the training 
(original) data set. 

The purposes of this study were twofold: (1) to fur- 
ther validate the predictive model in a different clinical 
setting and (2) to use different combinations of clinical 
predictors to attempt to improve the specificity of the 
model without diminishing the sensitivity. 


S yncope, a transient loss of consciousness with loss of 


METHODS 

Patient selection and evaluation: The study group 
comprised 141 consecutive patients who underwent 
electrophysiologic evaluation for syncope from January 
1983 to January 1990, The initial noninvasive evalua- 
tion of each patient consisted of a thorough history, 
physical examination and 12-lead electrocardiogram. 
Orthostatic blood pressure determination and carotid si- 
nus massage were performed in all patients. Most. pa- 
tients also underwent >24 hours of Holter monitoring, 
and determination of left ventricular function with ei- 
ther echocardiographic or radionuclide ventriculograph- 
ic studies, or cardiac catheterization. 
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“After informed consent was obtained, electrophysio- 
: logie studies were performed in the fasting, unsedated 
state. Drugs with antiarrhythmic effects were discontin- 
-ued for 25 drug half-lives before the study. Three or 
-four electrode catheters were introduced through the 
femoral veins and positioned in the high right atrium 

“and right ventricle, and across the tricuspid valve to re- 

“cord the His bundle electrogram. Surface electrocardio- 

- graphic leads V,, I and IMI, and intracardiac recordings 

were displayed simultaneously on an oscilloscope and 

-recorded on FM tape for subsequent storage. Pro- 
grammed electrical stimulation was performed using a 

custom Medtronic Stimulator delivering square-wave 
pulses at 2 times the diastolic threshold and 2 ms pulse- 
width duration. 

Collection of clinical data: Specific historical data 
and physical findings were extracted from patient rec- 
ords. A 3-page standardized data format was used for 
data collection. The data were computer coded and 
cross-checked by the study technician. Strict diagnostic 

criteria were used for assessment of all clinical predictor 

variables. 

(1) Historical aspects: The following historical vari- 
ables were obtained: age, sex, duration and number of 
syncopal episodes, medications and other significant 
medical history. 

(2) Presence and type of heart disease: Absence or 
presence and type of organic heart disease were deter- 
mined on the basis of history, physical examination and 

_electrocardiogram in all patients, echocardiography in 
99 patients, radionuclide ventriculography in 10, and 
cardiac catheterization in 12. 

(3) Electrocardiographic abnormalities: An elec- 

< trocardiogram was obtained on admission in all pa- 
tients, and information recorded included disturbances 

-of rhythm or conduction or both, prior myocardial in- 
farction and presence or absence of left ventricular 
hypertrophy. The following definitions were used to 
assess potential clinical predictors: “frequent prema- 
ture ventricular contractions”: 23 premature ventricu- 
lar contractions/min, multiform or salvos of premature 
ventricular contraction complexes; first-degree heart 
block: PR interval 20.2 second; bundle branch block: 
QRS duration 20.12 second with either a left or right 
bundle branch block pattern, or intraventricular delay; 
and sinus bradycardia: £50 beats/min. 

(4) Ambulatory electrocardiographic monitoring: 
One hundred twenty-three patients underwent 24 hours 
of Holter monitoring. Nonsustained ventricular tachy- 
cardia was defined as 23 consecutive ventricular pre- 
mature depolarizations, terminating spontaneously be- 
fore 30 seconds. 

Clinical variables evaluated: The existence of organ- 
ic heart disease, frequent premature ventricular con- 
tractions on electrocardiogram, and nonsustained ven- 
tricular tachycardia on Holter monitoring were tested 
for predicting tachyarrhythmias at electrophysiologic 
study, whereas sinus bradycardia, first-degree heart 
` -block and bundle branch block on surface electrocardio- 

gram were tested for their ability to detect bradyar- 

` thythmias at electrophysiologic study. Of the electrocar- 

_ diographic and electrophysiologic parameters measured, 





TABLE i Clinical Characteristics of 141. Patients with Syncope 
| of Unknown Origin Undergoing Electrophysiologic Testing 





59 #17 


Age (yr) ` 
r (68%)/45 (32%) 


Sex: men/women 


Recurrent syncope 91 (64%) 
Receiving antiarrhythmic medications at 53 (38%) 
time of syncope 

Organic heart disease: 
None 44 (31%) 
Coronary artery disease 76 (54%) 
Cardiomyopathy (nonhypertrophic) 15 (11%) 
Hypertrophic cardiomyopathy 4 (3%) 
Preexcitation syndromes 2 (1%) 





Other* 27 (19%) 


*Valvular and congenital heart diseases, | 


the following variables were analyzed to determine the 
outcomes on electrophysiologic studies: spontaneous in- 
tervals (AH and HV), corrected sinus node recovery 
times after overdrive suppression of the sinus node at 3 
drive cycle lengths (600, 500 and 400 ms), shortest atri- 
al pacing cycle length with 1:1 atrioventricular conduc- 
tion, and atrioventricular nodal effective refractory peri- 
od by the extrastimulus technique. The ventricular pro- 
tocol consisted of single and double extrastimuli during 
the patient’s routine rhythm, and 3 drive cycle lengths 
(600, 500 and 400 ms) in the right ventricular apex. If a 
sustained ventricular arrhythmia was not induced with 
single or double extrastimuli, triple extrastimuli were 
delivered during the patient’s natural rhythm.?? 
Outcomes of electrophysiologic studies: Results of 
electrophysiologic studies were assessed using strict di- 
agnostic criteria. A ventricular tachyarrhythmic out- 
come was defined as either: (1) sustained ventricu- 
lar tachycardia lasting 230 seconds, or needing over- 
drive pacing or direct-current countershock because of 
hemodynamic compromise, (2) reproducible nonsus- 
tained ventricular tachycardia of 26 beats with severe 
symptoms or hemodynamic compromise,'? or (3) ven- 
tricular fibrillation induced by <2 ventricular extra- 
stimuli. A bradyarrhythmic outcome was defined as ei- 
ther: (1) atrioventricular nodal effective refractory peri- 
od 2425 ms, (2) prolonged HV interval 290 ms, (3) 
prolonged corrected sinus node recovery time 21,000 
ms, or (4) spontaneous infra-Hisian block or Mobitz II 
second-degree atrioventricular block during incremental 
atrial pacing. A supraventricular tachyarrhythmic out- 
come included patients with symptomatic supraventric- 
ular arrhythmias. “Borderline” arrhythmias not consid- 
ered to be the cause of syncope were defined as nonsus- 
tained ventricular tachycardia (asymptomatic or <6 
beats), asymptomatic supraventricular tachycardia and 
mildly prolonged corrected sinus node recovery times or 
HV intervals. A negative electrophysiologic study was 
defined as a study that did not demonstrate any of the 
aforementioned electrophysiologic abnormalities. 
Statistical analysis: Based on cither tachyarrhyth- 
mic or bradyarrhythmic outcomes, estimated odds ra- 
tios were calculated for each clinical predictor. Univar- 
iate analyses were performed first, followed by multi- 
variate assessment using the Statistical Analysis System 
(Proc Logist). Sensitivity (true positives/[true positives 
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TABLE If Surface Electrocardiographic Findings in 141 
‘Patients with Unexplained Syncope Undergoing 
Electrophysiologic Testing 
Rhythm* 
Normal sinus 119 (84%) 
Sinus bradycardia <5C beats/min 7 (5%) 
Paced rhythm 4 (3%) 
Artrial fibrillation 2 (1%) 
Sinus tachycardia 1 (1%) 
Frequent premature ventricular contractions 17 (12%) 
Conduction disturbances 
Normal 69 (49%) 
1° heart block. 31 (22%) 
Bundle branck block 41 (29%) 
Left bundle branch biock 14 
Right bundle branch block 20 








interventricular delay, 7 
*More than 1 abnormality could be present on each electrocardiogram; thus totat is 
> 100%. 


+ false negatives]) and specificity (true negatives/ 
[true negatives + false positives]) were also calculated 
for individual and subgrouped clinical predictors. 


RESULTS 
Clinical characteristics: Clinical characteristics of 
the 141 patients (96 men and 45 women, mean age 59:1 
- years) in this study are listed in Table I. Organic heart 
disease was present in 69% of patients, with most (54%) 
having some form of coronary artery disease. 
‘Noninvasive test results: The initial surface electro- 
. eardiographic findings are listed in Table II. Ambu- 
latory electrocardiographic recordings were available 
in 87% of patients and revealed 31 patients to have 
nonsustained ventricular tachycardias. Left ventricular 
ejection fraction averaged 52%, with 25 patients (21%) 
having an ejection fraction <40%. 
Results of the electrophysiologic studies (Table IIi: 
Electrophysiologic testing revealed 12% of patients 
(n= 18) to have ventricular tachyarrhythmic outcomes, 
and 20% (n = 28) to have bradyarrhythmic outcomes. 
Four patients had a symptomatic supraventricular 
tachycardia. Two of these patients had electrocardie- 
-graphic evidence:of preexcitation, 1 had a prior myocar- 
dial infarction, and the other had mitral valve prolapse 
. with numerous runs of supraventricular tachycardia on 
Holter monitoring. 











TABLE m | Eecreptsiaiek Fi ndings o of 141 Patients with 
: Syncope of Unknown Origin Undergoing Electrophysiologic 
Testing 





Normal or boderline arrhythmias 97 (69%) 













Ventricular tachyarrhythmias* 18 (13%) 
Sustained ventricular tachycardia ll 
Reproducikie NSVT with symptoms 4 
VF inducec:by <2 extrastimuli 7 

Bradyarrhythmias 28 (20%) 
Sinus node-disease 0 
AV nodal disease 12 
His-Purkinia disease 16 

Supraventricular tachyarrhythmias 4 (3%) 












*Patients could have > 1 outcome, thus total is > 100%. 
AV = atrioventricular, NSVT = nonsustained ventricular tachycardia; VF = ven- 
tricular fibrillation. 

















Validation of the model: The previously identified 
clinical predictors were for the most part highly corre- 
lated with outcome in this new data set (Table IV). 
Ventricular tachyarrhythmic outcomes were associated 
with organic heart disease and nonsustained ventricular 
tachycardia on Holter monitoring. Frequent premature 
ventricular contractions by electrocardiogram did not 
reach statistical significance as a predictor of ventricu- 
lar tachycardia induction. Sinus bradycardia, first-de- 
gree heart block and bundle branch block predicted bra- 
dyarrhythmic outcomes at electrophysiologic study. All 
18 patients with a ventricular tachyarrhythmic outcome 
had 21 tachyarrhythmia predictor (100% sensitivity). 
Of the 28 patients with bradyarrhythmic outcomes at 
electrophysiologic study, 22 had 21 bradyarrhythmic 
predictor (79% sensitivity). Use of the clinical predictors 
resulted in an overall sensitivity and specificity for any 
tachyarrhythmic or bradyarrhythmic outcome of 95 
and 23%, respectively. Table V shows that as the num- 
ber of clinical predictors increases, the proportion of pa- 
tients with a positive electrophysiologic study tends to 
increase as well. These results do not change apprecia- 
bly when patients with no objective cardiac evaluation 
(e.g., echocardiography) and no Holter monitoring are 
omitted from the calculations. 

Modification of the model: An attempt was made to 
improve the model’s specificity in predicting tachyar- 
rhythmic outcomes. In this analysis (Table VI), individ- 
ual components of the organic heart disease variable 





























"Estimated from ea regression including OHD and KS only. 
PVCs were not significant when a 3-variable model was fit. 


‘pVes = = premature ventriular contractions: 
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ABLE IV Clinica! Predictor Variables and Outcome of Electrophysiologic Testing: Results of Univariate and Multivariate Analyses 
Outcome Univariate Multivariate 
| : Pos. Neg. OR (95% Cl) p Value OR (95% Cl) 
Tachyarrhythmia predicters 
OHD 17 80 9.1 (1.2, 71.0) 0.01 8.0 (1.0, 63.1) 0.05* 
PVCs 4 13 2.4 (0.7, 8.5) 0.16 1.4 (0.4, 5.6) NS 
NSVT 8 24 3.3 (1.2, 9.3) 0.02 2.8 (1.0, 8.0) 0.057* 
Bradyarrhythmia predictors 
Sinus. bradycardia 4 3 6.1 (1.3, 29.1) 0.01 11,4 (2.1, 61,8) 0.005 
1° heart black 14 17 5.6 (2.3, 13.9) f 0.003 §.5 (2.1, 14.5) 0.001 
‘Bundle branch block. S MA 27 : 0.006 2.9 he 7.5} 0.03 


3.2 (1.4, 7.5) 


“Cl = confidence intenels: Neg. = = negative; NS: = not significant: NSVT = nonsustained ventricular tachycardia; OHD <= organic heart rt disease JRs odds ratio: Pos. < s ones : 
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TABLE V Probabilities of Ventricular Tachycardia and . 
Bradyarrhythmic Outcomes by Risk Factors in.141 Patients 
Undergoing Electrophysiologic Studies for Unexplained Syncope 


. (such a as coronary artery disease with and without a his- 

-tory of myocardial infarction, or cardiomyopathy) were 

used predict ventricular tachycardia. Additionally, a 

low ejection fraction (<40%) was assessed as a sole ; 

predictor of ventricular tachycardia. Improvements in ce ee ae sonia 

: o ficity sa y rage without substantial OHD ECG Holter Predictors © Outcome Proportion 
losses in sensitivi able VI). 
Predictive pS of key predictors: the impor- Ventricular Tachyarrhythmic Outcomes 


















-tance of nonsustained ventricular tachycardia on 0 0 0 38 0 0.00 
Holter monitoring (Table VIN): Certain predictors were + 0 0 65 9 0.14 
identified in prior studies as being highly predictive o t 0 9 o 000. o] 
of ventricular tachycardia at electrophysiologic study. 9 0 3 3 1 0.33 
These included low left ventricular ejection fraction, !6 i i : A ; AA 
coronary artery disease with prior myocardial infarc- 0 + + 3 0 0.00 
tion,!? and nonsustained ventricular tachycardia on + + + 8 3 0.38 








Holter monitoring.'5:!7 We examined clinically relevant ns PER 
combinations of these variables to predict a life-threat- with Positive 

ening outcome (i.e., ventricular tachycardia). The addi- 1°HB BBB Predictors. Outcome Proportion 
tion of nonsustained ventricular tachycardia on Holter Bradyarmhythmic Outcomes 


monitoring in patients with a low ejection fraction and 
no coronary artery disease significantly increased the 
_ likelihood of finding ventricular tachycardia at electro- 
physiologic study (Table VII). Overall, patients with 
a low ejection fraction and nonsustained ventricular 
tachycardia on Holter monitoring had a very high likeli- 
hood (4 of 9 patients [44%]) of having ventricular 
tachycardia found at electrophysiologic study. > 

‘Caen follow-up: Follow-up ‘was sealed in | eee en ieee ae ore Tee. an 
- 99% of patients (median duration 24 months, range 1 to 


+O4++ 0070 





TABLE VI Modifications of Clinical Predictor Variables of a Ventricular Tachyarrhythmic Outcome: Attempts to Improve Specificity 
c Without Loss of Sensitivity 






























Organic Heart Disease Subgroups 
Frequent NSVT CAD CAD Existence of Pts. Pts. with 
PVCs on Without with Cardio- Any OHD with Positive Sensitivity Specificity 
ori by ECG Holter Mi MI myopathy Subgroup EF <40% Predictors Outcome (95% Cl) (95% Cl) : i 
+ 0 0 NA NA NA NA NA 97 17 0.94 (0.91, 0.98) 0.35 (0.27, 0.43) 
0 + 0 NA NA NA NA NA 17 4 0.22 (0.15, 0.29) 0.89 (0.84, 0.95) 
0 0 + NA NA NA NA NA 32 8 0.44 (0.36, 0.53) 0.80 (0.74, 0.87} 
NA NA 0 + 0 0 NA NA 42 4 0.22 (0.15, 0.29) 0.69 (0.61, 0.77) 
NA NA NA 0 + 0 NA NA 34 8 0.44 (0.36, 0.53) 0.79 (0,72, 0.86) 
NA NA NA 0 0 + NA NA 14 4 0.22 (0.15, 0.29) 0.92 (0.87, 0.96} 
PNA NA NA NA NA NA + NA 85 15 0.83 (0.77, 0.90) 0.35 (09.27, 0:43} 
© NA NA NA NA NA NA NA + 29 6 0.33 (0.26, 0.41) 0.81 (9.74, 0.88) 


CAD = coronary artery disease; EF = ejection fraction; MI = myocardial infarction; NA = not assessed; other abbreviations as in Tables {V and V. 

































TABLE VII Predictive Values of Different Combinations of Key Predictor Variables for Ventricular Tachycardia at Electrophysiologic 
Study in 141 Patients with Unexplained Syncope 
| eens 
NSVT CAD PVCs Pts. with Pts. with Positive 95% 
EF <40% on Holter with MI by ECG Predictors Positive Outcome Predictive Value cl 

+ 0 + o 6 1 0.17 0,00, 0.46 
+ + +or0 5 2 0.40 0.00,/0.83. 
+ 0 0 0 l1 0 Q* 
+ + 0 +ord 4 2 0.50* 0.01, 0.99 ~ 
Q. 0 Q 0 63 5 0.08 001015 — 
p + 0 +or0 15 2 0.13 9.00, 0.31 
0 0 + 0 13 3 0.23 0.00; 0.46. > 
0 + + +ord 8 n2 0.25 0,00, o 55 








Difference iri positive predictive values significant (p < 0.01) for indin NSVT. on 7 Holler monitor in patients with EF <40% and.no coronary artery disease versus those without |< 
sustained VT (line 3 ys 4). Other comparisons {lines 1.vs 2,5 ysG, and 7 ys 8) are:not senan: 
breviations as ini Tables iv to Me 
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79). Ninety-one percent of the 44 electrophysiologic 


study “positive” patients and 44% of the “negative”. 
y. Pos: pa 


ones were treated. In follow-up, only 3. patients died 
suddenly (1 was electrephysiologic study positive, and 2 
were negative). Similar recurrence rates. (18%) were 
seen in electrophysiologic study positive and negative 
patients. Recurrence oecurred in 100% (4 of 4) of elec- 
trophysiologic study positive patients who were not 
treated, and in only 10% (4 of 40) of those treated. 
Thus, treatment of electrophysiologic study positive pa- 
tients was associated with a low rate of recurrence of 
syncope and sudden cardiac death. 


DISCUSSION 

We showed that a combination of clinical, electro- 
cardiographic and Holter monitor findings can predict 
the outcome of electrophysiologic testing in syncope. In 
particular, serious ventricular tachyarrhythmias are pre- 
dicted by the presence cf organic heart disease and non- 
sustained ventricular tachycardia on Holter monitoring, 
whereas severe conduction system disease at electro- 
physiologic testing is predicted by bradycardia or con- 
duction system abnormalities on the surface electrocar- 
diogram. In patients without these abnormalities, im- 
portant results at electrophysiologic study were seen 
infrequently. Our follow-up data suggest that determin- 
ing patients with syncope who need electrophysiologic 
studies is important, because treatment of electrophysio- 
: logic study positive patients was associated with accept- 
ably low rates of recurrence and sudden death. 

One of the strengths of our study is the extent to 
which the clinical predictors were validated. The predic- 
tors evaluated by the current study were developed on a 
previous data set, preliminarily validated on a data set 
of patients culled from the clinical literature, and finally 
retested in the current protocol. Whereas prospective 
validation in yet another setting would be a useful final 
step in the evaluation of the clinical predictors, the 2 
validation steps described previously provide strong evi- 
dence that these clinical variables are of substantial 
clinical importance. 

The clinical predictors evaluated in the current study 
show some predictable overlap with those determined in 
previous efforts by other investigators. Organic heart 
disease is understandably the most important substrate 
for the production of malignant ventricular arrhyth- 
mias. Thus, most prior studies identified organic heart 
disease as a key predictor in determining the outcome of 
electrophysiologic testing in syncope. A position paper 
by the American College of Physicians? stated that 
electrophysiologic testing was indicated in syncope, par- 
ticularly in patients with recurrent symptoms and or- 
ganic heart disease. 

Bundle branch block on surface electrocardiogram 
was a strong predictor in the current study, as well as in 
previous efforts by other investigators.”! Sinus brady- 
cardia and first-degree heart block were also found to 
be predictors of bradyarrhythmic outcomes. Of note, a 
recent study by Fujimura et al? reported a limited sen- 
sitivity of electrophysiologic testing for determining bra- 
dyarrhythmias as a cause of syncope in patients with 






transient bradycardia. Thus, our results are of particu- 


lar importance, because they suggest which patients at 
high risk for bradyarrhythmic syncope may benefit 
from electrophysiologic: testing. 

Despite the known clinical importance of such vari- 
ables as low left ventricular ejection fraction and 
prior myocardial infarction in predicting the occurrence 
of ventricular tachyarrhythmias at electrophysiologic 
study,'®!7 we were unable to improve the specificity of 
our model by using these individual variables instead of 
the overall variable of organic heart disease. Any at- 
tempt to “narrow in” on these key variables led to sig- 
nificant reductions in the sensitivity of the model. 

There are several limitations to our study. First, our 
data were retrospectively collected from a data set of 
patients referred for electrophysiologic testing. Second, 
the number of subjects with a positive electrophysiologic 
study was relatively low. Third, the outcome under 
study was the result of the test and not long-term pa- 
tient outcome. Fourth, the model does not predict su- 
praventricular tachycardia at electrophysiologic study. 
However, all 4 patients with a supraventricular tachy- 
cardic outcome would have been identified by the model 
as needing electrophysiologic study. Finally, the low 
specificity of the model is less than may be desired; 
however, the high sensitivity for important outcomes is 
essential, and we showed that the specificity cannot be 
improved without sacrificing sensitivity. 

The implications of this study for the practicing cli- 
nician are as follows: For patients with unexplained syn- 
cope and organic heart disease, the risk of a serious ar- 
rhythmia as the cause of syncope is considerable, and 
electrophysiologic testing should be strongly considered. 
Patients with heart disease and ventricular ectopy on 
electrocardiogram and Holter monitoring are at even 
higher risk, and should almost certainly undergo elec- 
trophysiologic testing. Patients with sinus bradycardia, 
first-degree heart block or bundle branch block by elec- 
trocardiogram are at risk for a bradyarrhythmic cause 
of syncope. These “medium-risk” patients can also be 
evaluated by electrophysiologic study, or alternatively 
may be suitable (if symptoms are frequent) for noninva- 
sive evaluation with long-term ambulatory loop electro- 
cardiographic recording’*4 to attempt to capture the 
cardiac rhythm at the moment of syncope. Patients with 
none of the clinical predictors are at almost no risk for a 
serious ventricular arrhythmia and at very slight risk of 
a bradyarrhythmia. In these patients, invasive testing 
should not be performed. 


Acknowledgment: We are very grateful to Denise 
Kirk for assistance with manuscript preparation. 
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-Estimation of Mitral Valve, Area from Regression : 





Analysis of the Pressure Gradient in 
Mitral Stenosis 


John A. Bittl, MD, Alan C. Yeung, MD, Vladimir Vekshtein, MD, 
John D. Parker, MD, and R. David Fish, MD 


Estimation of mitral valve area (MVA) in the cardi- 
ac catheterization laboratory is prone to pitfalls 
because of the time required for calculations and 
inaccuracies in the measurement of cardiac out- 
put. Because the rate of decrease in the mitral 
gradient directly correlates with the severity of 
mitral stenosis, an on-line estimate of MVA at the 
time of catheterization may be possible with re- 
gression analysis of digitized pressure recordings. 
A total of 61 comparisons of mitral gradient mea- 
surements and MVA were obtained in 37 patients 
at diagnostic catheterization and in 24 patients af- 
ter balloon mitral valvotomy. Linear and nonlinear 
regression parameters yielded pressure half-time 
values and empiric constants similar to those used 
in Doppler echecardiography for estimation of 
MVA. The correlations derived from linear analy- 
sis were as goed as those obtained from nonlinear 
_ analysis: from linear analysis, MVAyegression = 0.79 
+ MVA Gorin — 0.03; r? = 0.64, p = 0.0001; and 
from double exponential analysis, MVAregression = 
0.86 - * MVA Gorin p 0.07; r= 0.74; p= = 0.0001. 
The correlations were not significantly affected by 
- the presence of mild to moderate mitral regurgita- 
tion or whether they were obtained after balloon 
valvotomy. In sammary, linear regression analysis 
yields accurate estimates of MVA despite the the- 
oretical superiority of nonlinear methods. On-line 
digital analysis of mitral gradient tracings may 
thus be useful at the time of diagnostic cardiac 
catheterization or balloon mitral valvotomy to as- 
sess the severity of mitral stenosis and the re- 
sponse to interventions. 
(Am J Cardiol 1992;69:1050-1055) 
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dures as the hemodynamic method of choice to 
calculate mitral valve area (MVA) despite ef- 
forts to define a better formulation. Many studies have 
shown that MVA correlates with the pressure half-time 
(T?) — the time for the mitral gradient to decrease. to 
one-half its initial value (reviewed by Thomas and Wey- 
manž). Pressure T’% values are frequently estimated 
from mitral gradient data that are approximated to a 
linear function despite fundamental principles which 
suggest that the decay in the mitral gradient is a nonlin- 
ear process. An exponential decay is expected if viscous 
resistance predominates (i.e., the rate of decrease in the 
pressure gradient is directly proportional to the magni- 
tude of the gradient), whereas a parabolic decay in the 
pressure gradient is predicted if convective resistance 
prevails (the decay in the gradient is proportional to 
the square of the gradient)” é A parabolic decay in 
the pressure gradient implies a linear decay in mitral 
velocity from the Bernoulli relationship, thus supporting 
the Doppler echocardiographic assessment of mitral ste- 
nosis,’ if left atrial and left ventricular compliance are 
constant. However, recent studies have shown that 
atrioventricular compliance may change after an inter- 
vention such as balloon mitral valvotomy.® 
As conversion of analog hemodynamic data to digi- 
tal format becomes increasingly common and comput- 
erized nonlinear regression packages are improved, on- 
line estimation of MVA from pressure T! analysis in 
the cardiac catheterization laboratory becomes a reali- 
ty. The purpose of this study was to define the function 
that gives the best fit for the decay in the mitral pres- 
sure gradient to determine whether estimates of MVA 
can be obtained directly from hemodynamic data. 


Te Gorlin formula, introduced 40 years ago,! en- 


METHODS 

Study group: A total of 61 comparisons of mitral 
gradient measurements and MVA were made in 37 pa- 
tients at diagnostic catheterization with 24 comparisons 
made before and after balloon mitral valvotomy. The 
mean age of the 30 women and 7 men at diagnostic 
catheterization was 61 + 10 years. At the time of the 
hemodynamic measurements, 30 patients had no mitral 
regurgitation, 23 had mild (1+), 6 had moderate (2+) 
and 2 had moderately severe (3+) mitral regurgitation 
on left ventricular angiography. A total of 47 compari- 


sons were made in normal sinus rhythm, 12 were: made ` 


in atrial fibrillation, and 2 were made ina ventricular- 


_ paced rhythm from a permanent pacemaker. No. patient 
had more than mild (1+) aortic regurgitation seen on: 
Doppler: ee studies completed a mean of = 
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7 days (median 2.0, range 0 to 56) within car- 
theterization a 


theterization protocol: Simultaneous recordings 
_ of left atrial and left ventricular pressure were obtained 
ata paper speed of 100 mm/s with a 7Fr balloon-tipped 
catheter passed through a transseptal sheath to the left 
_ atrium and with a 7Fr pigtail catheter (Cordis) inserted 
_ into the left ventricle from the right femoral artery. 
_-MVA was estimated from the Gorlin formula using the 
~ Fick cardiac output (MVAcoriin) or the Dexter modifi- 
cation (MVApexter).® 
~The catheter system had the following damping 
characteristics (n = 5): the damped natural frequency, 
Np = 11.6 + 2.9 Hz; damping coefficient, D = 0.62 + 
0.5; and undamped natural frequency, N = 14.4 + 2.9 
Hz.’ Mitral balloon valvotomy was performed with ei- 
ther single (30 mm) or double (15 to 20 mm) balloons 
in 24 patients,!° 
‘Numerical analysis: Left atrial and left ventricular 
pressure tracings were digitized at 25 ms intervals to 
~ yield average values of mitral gradient versus time from 
3 (normal sinus rhythm or pacing) or 5 (atrial fibrilla- 
tion) consecutive beats (Figure 1). All linear and non- 
‘linear regression analyses were performed by fitting 
gradient versus time data to functions with RSI (Re- 
search and Statistics Management; Bolt, Beranek and 
“Newman, Cambridge, Massachusetts). The computer 
program uses the technique of nonlinear least-squares 

















parameter estimation for nonlinear functions.*'' The 
method has a convergence criterion of 0.0001. All re- 
gressions were subjected to 2 to 25 iterations. Numeri- 
cal analyses were performed on a VAX 11/780 comput- 
er (Digital Equipment Corporation, Maynard, Massa- 
chusetts). 

Mitral gradient versus time (t) was fit to 4 different 
functions (Table I). The mitral gradient data (from 
peak gradient to either the onset of the a wave [Figure 
1] or ventricular systole) were fit to linear, exponential — 
and parabolic functions. Both the rising and falling 
components of the mitral gradient were fit to an expo- 
nential product. 

The slope and parameters of the regression can be 
used to calculate pressure T)2 values. These T! val- 
ues correspond to the time taken for the mitral gradient 
to fall to one-half its initial value along a slope defined 
by the regression. Linear regression analysis always 
yields a value for T!2; however, in cases where the as- 
ymptote of the nonlinear function is >0.5 peak gradient, 
no real value for T!⁄ is generated (e.g., a negative argu- 
ment for +/ or for In appears in the formulas in Table 
I). For the mitral gradient data, real T!2 values were 
defined in 85 to 100% of cases. 

Converting half-time values to estimates of mitral 
valve area: T!⁄ values were converted to estimates of 
MVA after defining a constant term in a manner identi- 
cal to that used for Doppler echocardiography in which 
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Regression 
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Linear G=at+b 
“Exponential G = aeit) 4 b 
Parabolic G=(a=— t) +b 
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TABLE tl Regression Analysis: Goodness-of-Fit Parameters 




















| No. of Regressions 
Type of Regression r2 x? Converging (%) 
Mitral gradient 
Linear 0.993 + 0.010 1.007 + 1.965 61 (100) 
Exponential product 0,987 + 0.020 0.767 + 1.039 | 55(90) 
Exponential 0.994 + 0.011 0.268 + 0.283 55 (90) 
Parabolic 0.997 + 0.006 0.225 + 0.269 56 (92) 



















kp <0.05 by 2-way analysis of vatiance and the Scheffe F test for multiple comparisons. 
















TABLE Hi Mitral Valve Constants 









Constant, C (ms) 
Derived from 
MVAGortin = C/T 






Type of Regression 







Mitral gradient 










Linear 231411 

Exponential 147 + 10 | 

Parabolic 156 + 10 | 

Double exponential 191 +8 | 
the relationship — MVA = 220/T! — has been widely 


accepted.’ To accomplish this, we made data sets that 

-related the Gorlin MVA to T! values from the regres- 

“sions for mitral gradient decay. By using nonlinear re- 
gression analysis, we defined the function: 


Cc 
MV A Gortin = Tip 


where C is the constant that relates pressure or gradient 
TY. to estimated MVA. 
_ Statistical analysis: All data are presented as mean 
-+ SD. Goodness-of-fit for the regression analyses was 
_ determined by measuring chi-square for each regres- 
sion, which is a measure of the disagreement between 
the data set and the regression, adjusts for the number 
of variables in each expression, and thus allows for di- 
_ fect comparison of different functions for similar data 
-sets.'? In addition, goodness-of-fit was assessed by mea- 
- suring r°, the coefficient of determination.'? Agreement 
-between the Gorlin measurement of MVA and the re- 
gression-derived estimate of MVA was calculated ac- 
cording to the methods of Bland and Altman.'4 Two- 
way analysis of variance was performed to identify dif- 
ferences among the parameters for goodness-of-fit for 
the regressions for mitral gradient dala: Tf a 3 significa icant. 





result was obtained by analysis of variance, the Scheffe. 
F test for multiple comparisons was used to identify sig- 
nificant differences among the individual parameters.'* 
One-way analysis of variance was used to assess the ef- — 
fects of mitral regurgitation on the slope of the gradient. 
Paired z test was performed to compare measurements 
in patients before and after balloon valvotomy. Fisher’s 
z transformation was used for multiple comparisons of 
the correlation coefficients for the relationships between 
MVA estimated from the regression analysis and valve . 
area measured by the Gorlin method.'? A p value <0.05 
was considered significant. 


RESULTS 

Regression analysis of mitral gradient data: Re- 
gression analysis permitted linear regressions. to be de- 
fined for all patients, but nonlinear regressions did not 
converge in 8 to 10% of the attempts despite as many as 
25 iterations (Table IT). Chi-square values for the linear 
regressions were significantly higher, thus describing 
poorer fits than those for exponential and parabolic 
functions. Thus, the decay of the mitral gradient is a 
nonlinear process that can be approximated reasonably 
well by a linear function. 

Correlating pressure half-time values with mitral 
valve area: Each regression analysis yields a slope for 
the decay of the mitral gradient that can be used to 
calculate T! values. To estimate MVAs from T val- 
ues, we used the Gorlin measurement of MVA: and 
measured the mitral constant C for each type of regres- 
sion in a manner identical to that used in Doppler echo- _ 
cardiography: MV Acorn = C/T! The value used in 


` Doppler echocardiography, which is derived from the 


linear regression of mitral velocity decay, is 220.’ This is 
in good agreement with a value of 231 + 11, which we . 


obtained fom linear transformation of mitral gradient 
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Gradient, linear fit: 
y = 0.79x - 0.03 
(r? = 0.64; P = 0.0001; n = 61) 


Estimated mitral area (cm*) 
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B Gradient, exponential fit: 
y = 0.84x - 0.12 
(r? = 0.62: P = 0.0001; n = 52) 


Estimated mitral area fem”) 
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c Gradient, parabolic fit: 
y = 0.64x + 0.13 
(r?= 0.62; P = 0.0001; n = 52) 
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D Gradient, exponential product fit: 
5 y = 0.86x - 0.07 
(r2 = 0.74; P = 0.0001; n = 55) 
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: TABLE IV ‘Hemodynamic Parameters B Before and After Balloon 
Val lvotomy i in 24 Patients 
Valvotomy 
Parameter Before After 
MYA (Gorlin, em2}* 0.8 +03 1.72405 
. Cardiac output (liters/min: 3741.0 3921.0 
Left atrial pressure (mm Hg)* 27 £5 18+6 
T 1/2 (ms} and MVA (cm) from 
mitral gradient 
Linear 
Ty* 261 + 89 178 x 53 
MVAtegression* 0.7 + 0.2 1340.5 
Exponential 
Ty" 184 + 46 124 + 60 
MV Aregression” 0.7 + 0.2 13 0.6 
Parabolic 
TK 178 £ 52 120 + 54 
MVAvegression® 08 +03 1.3 + 0.5 
Exp. product 
Ty* 221 +81 142 + 39 
MV Aregression” 0.8 £ 0.3 1.4 + 0.3 
| *p <0.005 by paired t-test. = 
Exp. = exponential; MVA = mitral valve area. 








data (Table III). All 4 types of mitral gradient analyses 
yielded good correlation between the predicted and 
measured values of MVA with coefficients of determi- 
-nation (r?°) of 0.62 to 0.74. Using the test for multiple 
comparisons among correlation coefficients, we ob- 
served no significant differences among the correlation 
coefficients from the 4 methods (Figure 2, A to D), sug- 


gesting that linear regression analysis is as good as non- 
linear analysis. The regression analyses consistently un- 


. derestimated MVA. To determine how much the re- 
gression estimate differs from the Gorlin measurement, 
we calculated the precision of the agreement between 
the 2 methods. For the linear method, we observed that 
the regression analysis underestimates MVA by 0.33 
cm? (95% confidence interval: 0.20, 0.46). The exponen- 
tial method underestimated MVA by 0.36 cm? (0.46, 
0.77), the parabolic method by 0.39 cm? (0.25, 0.53), 
and the double exponential method by 0.20 cm? (0.08, 
0.32). 

If the values for MVA = 4.0 cm? are deleted, the r? 
values range from 0.58 to 0.70 in the correlations 
shown. Because 31 of 61 patients had at least mild (1+) 
mitral regurgitation, we also used the Dexter modifica- 
tion of the Gorlin formula to calculate MVA, but found 
that the agreement between the regression estimates for 
MVA and the calculated values was not significantly 
: improved (data not shown). If the patients with more 
than mild (>1+) mitral regurgitation are completely 
excluded from the analysis, the r? values range from 
0. 59 to 0.75. 

‘The estimates for MVA based on regressions of the 

mitral gradient showed no correlation to cardiac index 
< (= 0.001 to 0.093). 

u We observed good correlation between T!⁄4 values: 
obtained from linear regression of the Doppler measure- 
ments and parabolic transformation of the pressure gra- 
dient data (G = 0.62x, + 20.2; r? = 0.78; p = 0.0001). 
The regression estimates for MVA were correlated with 





Doppler measurements of MVA, 16 yielding r? values 
that ranged from 0.51 to 0.71. The regression estimates _ 
for MVA were also correlated with 2-dimensional echo- 
cardiographic measurements of MVA with r? values 
that ranged from 0.56 to 0.73. 

Effect of balloon mitral valvotomy on results from 
regression analysis: Balloon mitral valvotomy was per- 
formed in 24 patients, increasing the mean MVA from 
0.8 + 0.3 to 1.7 + 0.5 cm’, measured with the Gorlin 
formula. This was associated with a significant decrease 
in left atrial pressure, no change in cardiac output, and 
a significant decrease in T!⁄ values measured from all 
types of regression analysis of mitral gradient data. In 
addition, the T!2 values generated estimates of MVA 
after valvotomy that were significantly greater than the 
preprocedure values (Table IV). 

The correlation between predicted valve areas from 
regression analysis and measured valve areas from the 
Gorlin formula after valvotomy showed good agree- 
ment: linear (r? = 0.46, MV Aregression = 0.72 +- MV AGor- 
in + 0.2, n = 24); double exponential {r? = 0.64, 
MVAvegression = 1.0 © MVAGoriin + 0.1, n = 19); expo- 
nential (r? = 0.26, MVAvegression = 0.78 -© MVAGorlin + 
0.3, n = 21); and parabolic (r? = 0.26, MVAregression = 
0.6 > MVAGoriin + 0.3, n = 21). 


DISCUSSION 

In this study, we digitized mitral pressure tracings 
and performed regression analysis in order to define the 
mathematic equation that most closely fits the observed 
data. This work derives from the important fundamen- 
tal modeling of mitral hemodynamics in vitro that has 
been reported by other investigators with nonlinear re- 
gression analysis.**.!? The unique aspect of this study 
was the use of nonlinear regression analysis of clinical 
hemodynamic data to model the exponential and para- 
bolic processes that are predicted if atrioventricular 
compliance is constant and viscous or convective resis- 
tance predominates, respectively.26 Previous clinical 
studies have measured pressure T!% directly from left 
atrial and left ventricular pressure tracings without digi- 
tization and regression.® 

Based on the results presented here, we conclude 
that approximation of the mitral gradient decay to a 
linear function is a reasonable alternative to nonlinear 
regression analysis: Use of the linear approximation is 
supported by the simplicity of linear regression analysis, 
the goodness-of-fit assessment, and reliable predictions 
of MVA from T!2 values. However, we observed that 
the nonlinear functions provided better fit and agree- 
ment with the hemodynamic measurement of MVA, 
which is in support of the fundamental hydrodynamic 
principles of mitral valve behavior.> Both exponential 
and parabolic functions gave better fits than the linear 
regression, with a trend in favor of the parabolic func- 
tion, which is consistent with the experimental work of 
Flaschkampf* and Thomas? and their co-workers. In all 
cases, we observed that the pressure T!% method gives- 
better predictions of MVA before valvotomy than after 
the intervention, which is consistent with the work of 
“we continued to observe significant ` 





correlations be ween. the ese and measured. MYA 
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after \ valvotomy, suggesting that ‘changes i in.T values 
ina given patient may yield accurate predictions about 









ee Study limitations: First, the left atrial recordings 
_ were made with fluid-filled catheters. Although every 
effort was made to enhance frequency response by at- 
_ taching all transducers directly to the catheter manifold 

ports and by using only single-lumen 7Fr or 8Fr cathe- 

ters to produce a system with a damped frequency re- 
sponse of about 10 to 20 Hz,!* higher fidelity tracings 
~ could have been obtained with micromanometer-tipped 

catheters. The use of fluid-filled systems may account 
` for the consistent underestimation of MVA from the 
analysis of the rate of decay of the mitral gradient seen 
in this study. This is so since: the fluid-filled catheter 
system. underrepresents the peak gradient and hence the 
rate of decrease in the gradient. The measurement of 
MVA based on the rate of decay in the mitral gradient 
will be underestimated. However, cardiac catheteriza- 
tion is routinely performed with fluid-filled catheters; 
thus, the results of this study have greater potential ap- 
~ plicability. Second, the T1 values were subjected to re- 
“gression analysis with measurements of MVA from the 
`: Gorlin formula. Each component of the Gorlin formula 
is subject to error in measurement so that the final mea- 
surement of valve area is associated with the propaga- 
tion of an error that may be as high as 25%. Although 
cardiac output calculated from measurements with the 
Waters metabolic rate meter correlates closely with val- 
ues. from thermodilution (slope = 1.02, r = 0.86), one 
study showed that the values were uniformly lower than 
_ those from other methods by about 20%.'? In addition, 
- the Gorlin formula itself contains a constant that is in- 

fluenced by mitral valve geometry, low-flow states!” 
and severity of mitral regurgitation. No compensation 
has been made in this study for the first 2 variables. 
Since the Gorlin measurements are subject to inaccura- 
cy, we also correlated the results from the regression 
analysis with Doppler estimates, 2-dimensional echocar- 
diographic measurements, and the Dexter modification 
of the Gorlin formula to compensate for mitral regurgi- 
tation (in which angiographic. cardiac output is substi- 
tuted for Fick cardiac output), and found that the re- 
¿Sults were unchanged. Even with its limitations, the 
~ Gorlin formula is the best formulation available for this 
type of analysis. Third, this study was not designed to 
test whether the pressure T!2 method may yield infor- 
mation about the MVA that is independent of other he- 
modynamic variables. Certainly, the T!⁄ values are in- 
fluenced by cardiac output, left atrial and left ventricu- 
lar compliance,® and mitral orifice shape.* Fourth, lack 





of convergence during regression attempts in certain 
cases and impossible values, such as the square root or 
logarithm of a negative number, suggest that the as- 
sumptions underlying the nonlinear model are being vio- 
lated. Thus, the conclusions regarding the actual under- 
lying mechanisms (viscous versus convective resistance) 
may not be warranted. 
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Transcatheter Closure of Atrial f 
-— “Buttoned” Devices 


ptal Defect by 





P. Syamasundar Rao, MD, Allen D. Wilson, MD, and Paramjeet S. Chopra, MD 





During a 21-month period ending in August 1991, 
12 patients underwent transcatheter closure of 
atrial septal defect (ASD) with a “buttoned” de- 
’ vice through an SFr sheath, using an institutional 
review board-approved, custom-made device pro- 
tocol initially, and Food and Drug Administration- 
approved clinical trials subsequently. Ten children 
had left-to-right shunts across the ASD and 2 
adults had their patent foramen ovale closed to 
prevent recurrent paradoxical embolism (including 
cerebrovascular accidents). The device dislodged 
in 1 of the 4 patients in whom a first-generation 
device was used, and retrieval of the device, and 
surgical closure of the ASD were performed with- 
out incident. In the remaining 11 patients (age 
range 7 months to 45 years, weight 3.6 to 64 kg), 
the device remained intact, and pulmonary-to-sys- 
temic flow ratio decreased from 2.1 + 0.3 to 1.04 
+ 0.06. Follow-up chest x-ray and echo-Doppler 
. studies were availabie in all patients 0.5 to 18 
months after the procedure. The device was intact 
in all patients. Small residual shunt detected by 
color Doppler was seen in 2 children. Right ven- 
tricular size decreased (23 + 6 to 17 + 3 mm; p 
<0.01), and paradoxical septal motion disap- 
peared in all patients. There was no recurrence of 
paradoxical embolism in the 2 adults. No compli- 
cations occurred during follow-up. it is concluded 
that transcatheter closure of ASD with the but- 
toned device is feasible, effective and safe, and 
can be accomplished with small, 8Fr sheaths (even 
: in infants weighing 3.6 kg), follow-up results are 
excellent, and clinica! trials on a larger number of 
patients are needed. 
(Am J Cardiol 1992;69:1056-1061) 





From. the Departments of Pediatrics and Surgery, University of Wis- 
consin Medical Schoo!, Madison, Wisconsin. This study was supported 
in part by Grant RRO3186 from the Division of Research Resources, 
National Institutes of Health, Bethesda, Maryland, by a grant-in-aid 
from the Graduate School, University of Wisconsin-Madison, and by a 
grant from Oscar Remnobolim Foundation, Inc., Madison, Wisconsin. 
Manuscript received September 3, 1991; revised manuscript received 
and accepted December 11, 1991. 

Address for reprints: P. Syamasundar Rao, MD, Division of Pediat 
ric Cardiology, H4/416 CSC, University of Wisconsin Children’s Hos- 
pital, 600 Highland Avenue, Madison, Wisconsin 53792-4108. 


1056 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 6¢ 


conventional treatment option to correct this de- 

fect. The mortality rate for surgical correction is 
low (<1%). However, the morbidity of anesthesia, tho- 
racotomy, cardiopulmonary bypass, and postoperative 
monitoring in the intensive care unit is considerable. 
Scar of surgery, and expense are additional disadvan- 
tages. Over the last 2 decades, King and Mills and their 
coworkers, Rashkind,? and Lock and Rome and their 
coworkers** developed transcatheter methods to close 
ASD. Whereas these methods have advantages over 
surgical closure, the delivery catheters/sheaths are quite 
large and bulky, needing 23Fr (King and Mills’ device), 
16Fr (Rashkind’s “hooked” device), and 11Fr (Rash- 
kind’s double-umbrella device and clamshell septal um- 
brella — USCI, Division of Bard, Inc., Billerica, Mas- 
sachusetts) sheaths to implant the device across the 
ASD. Sideris et al’ developed a “buttoned” device that 
can be delivered by an 8Fr sheath. Use of these devices 
in animal models’ and a few human subjects*!0 has 
been reported. The purpose of this article is to present 
our experience with Sideris’ device in an attempt to as- 
sess safety and efficacy of this system. 


METHODS 

During a 21-month period ending in August 1991, 
12 patients underwent transcatheter closure of ostium 
secundum ASD with a buttoned device designed by Si- 
deris et al.’ The study was performed under a protocol 
for use of the custom-made devices in humans approved 
by our institutional review board for the first 6 patients. 
Thereafter, Food and Drug Administration approval for 
investigational device exemption was sought, during 
which period, the study was suspended. After an investi- 
gational device exemption was issued by the Food and 
Drug Administration, the study was resumed. Informed 
consent was obtained from patients or their parents, as 
appropriate. The cardiac surgery team was on standby 
during the device implantation, as per the protocol. 

Patients were selected on the basis of standard crite- 
ria established for surgical treatment of ASD. Only pa- 
tients with clinical and laboratory features (including 
echo-Doppler studies) suggesting the need for cardiac 
catheterization and surgical correction were chosen. 

The buttoned device system consists of 3 compo- 
nents: the occluder, counter-occluder and a delivery sys- 
tem. The occluder is made of a Teflon-coated wire skel- 
eton covered with 1/16 inch of polyurethane foam. The 
wire skeleton is x-shaped when unfolded, and the wires 
can be made to position parallel for introduction into an 
8Fr sheath. A 2 mm string loop is attached to the center 
of the occluder; the loop is closed by a 1 mm knot. 


S urgical closure of atrial septal defect (ASD) is a 
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= ( button”). In the. first-generation device (used in the 
_ first 4 patients), the knot was not radiopaque, and in the 
-second-generation device (used in the last 8), a radi- 
opaque marker identifies the position of the button. The 
_ counter-occluder is composed of a single-strand, Teflon- 
coated, wire skeleton covered with a rhomboid-shaped 
polyurethane foam. A rubber piece is sutured in its cen- 
ter and becomes a “buttonhole.” The device delivery 
-system consists of: (1) a Teflon-coated 0.035 inch guide- 
‘wire (Cook, Inc., Bloomington, Indiana) (the loading 
wire); (2) a folded 0.008 inch nylon thread passing 
‘through the guidewire after having its core removed 
(loop of thread passes through loop in center of oc- 
cluder); (3) an 8Fr long sheath (Cordis Corp., Miami, 
Florida); and (4) an 8Fr multi-A2 (Cordis) catheter 
(pusher) that is used to advance the occluder and 
counteroccluder within the sheath. 

Patients were sedated with a mixture of meperidine, 
chlorpromazine and promethazine. This was supple- 
-mented with intermittent doses of midazolam to ensure 
adequate sedation. No general anesthesia was used. 
‘Femoral artery pressure, oxygen saturation by pulse ox- 
imetry, and heart rate by electrocardiogram were moni- 
tored throughout the procedure. Complete cardiac cath- 
eterization (including left ventricular cineangiography) 
was performed to confirm the clinical diagnosis and to 
exclude other cardiac defects. Probing of all 4 pulmo- 
nary veins was performed to ensure their entry into the 
left atrium. Cineangiography from the right upper pul- 
monary vein at its junction with the left atrium was per- 
formed in a 4-chamber (30° left anterior oblique plus 
30° cranial angulation) and a lateral view. Stretched 
diameter of the ASD was measured by slowly with- 
drawing progressively larger balloons across the ASD in 
a manner described by King et al'! and by us.? A 
stretched diameter >22 mm is generally considered un- 
suitable for transcatheter closure. During the initial ex- 
perience, a device that was 15 mm larger than the 
stretched ASD diameter was chosen for implantation. 
Currently, we use a device that is at least twice the size 
of the stretched ASD diameter. After having concluded 
that device implantation was feasible, we administered 
heparin intravenously (100 U/kg, maximum 3,000 U). 

An 8Fr multi-A2 catheter (Cordis) with an 8Fr long 
sheath (Cordis) was positioned in the left atrium. The 
catheter was removed, and the sheath was clamped to 
prevent back bleeding. Precautions were taken to pre- 
vent vacuum creation and air entry during removal of 
the catheter. The occluder was folded and introduced 
into the sheath. An 8Fr catheter (pusher) was inserted 
over the loading wire into the sheath and advanced, 
pushing the occluder toward the left atrium. When the 
occluder was at the tip of the sheath, verification that 
the tip was in the mid-left atrium was obtained by bi- 
_plane fluoroscopy. While holding the device in the mid- 

left atrium, the sheath was gently withdrawn, allowing 
springing open of the occluder; then, the occluder as- 
sumed its original shape. The occluder was gently pulled 
back against the atrial septum, and after it was clear 
_ that the occluder did not come through the ASD, the 
- pusher catheter was removed. The counter-occluder was 





threaded over the loading wire (through the rubber 
piece, buttonhole) and positioned within the sheath. The 
pusher catheter was reintroduced into the sheath (over 
the loading wire) and advanced, pushing the counter- 
occluder toward the right atrium. The sheath was with- 
drawn into the mid-right atrium, keeping the occluder 
in the left atrium. The counter-occluder was then ex- 
truded out of the sheath into the mid-right atrium, 
while it was still on the loading wire. Introduction of the 
1 mm knot (button) of the occluder loop through the 
buttonhole of the counter-occluder was performed by 
simultaneously (gently) pulling the occluder against the 
atrial septum while advancing the counter-occluder with 
the long sheath. Verification that the knot had been 
pulled through the buttonhole was obtained by fluoros- 
copy, because of the radiopaque marker on the knot. 
After satisfactory implantation of the device, the load- 
ing wire was cut at the tip and withdrawn, leaving the 
nylon strands holding the occluder, The device was dis- 
connected by pulling | of the 2 nylon strands, thus dis- 
connecting the implanted device from the loading sys- 
tem. During both these maneuvers, the long sheath was 
gently pressed against the device to prevent inadvertent 
dislodgement of the device. Fifteen minutes after device 
implantation, oxygen saturation from the right heart 
chambers was recorded, and a pulmonary artery cinean- 
giogram was obtained to visualize the adequacy of ASD 
closure on the levophase of the cineangiogram. Cefazo- 
lin (50 to 75 mg/kg) was administered in 3 divided 
doses. Oral aspirin (5 to 10 mg/kg/day) was begun the 
day after device implantation to prevent excessive ag- 
gregation of platelets on the device. Aspirin was discon- 
tinued 3 months later. Two-dimensional echocardio- 
graphic and Doppler (pulsed and color) studies were 
performed on the afternoon of the procedure, and 0.5, 3, 
6, and 12 months after transcatheter ASD closure. 

Data are expressed as mean + SD. The Student ¢ 
test was used for comparison of echocardiographic mea- 
surements before and after closure. The level of statisti- 
cal significance was set at p <0.05. 


RESULTS 

Twelve patients (age range 7 months to 45 years, 
median 5 years [Table I]} underwent transcatheter 
closure of the ASD. Two adults had previous cere- 
brovascular accidents secondary to paradoxical em- 
bolism.'3'4 In these patients, ASDs and right-to-left 
shunting across them with Valsalva maneuver were con- 
firmed by transesophageal contrast echocardiography. 
The youngest child (aged 7 months, weight 3.6 kg) was 
born prematurely, had bronchopulmonary dysplasia and 
absent left pulmonary artery,’ and had congestive heart 
failure necessitating closure of the ASD. The first 6 
children were previously presented.?!° Sex distribution 
was equal, with 6 in each gender. 

The ASD measured 6 to 15 mm on subcostal 4- 
chamber, 2-dimensional echocardiographic views!?; in 
most cases, measurements represent an average of sub- 
costal long- and short-axis images of the atrial septum 
(Figure 1). Stretched diameter by balloon-sizing!!!? 
varied between 10 and 19 mm (mean 14 + 3). There 
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TABLE | Data on Patients. Undergoing Catheter Closure of Atrial Septal Defect Í E E TSE : : | ee 
Echo Stretched Qp:Qs 
Pt. Age Weight Diameter Diameter Device Size Associated 
No. (yr) & Sex (kg) (mm) (mm) Before After mm) Defects/ Problems | 
f 1 0.S8F 3.6 7 10 1.5 1.0 25 Prematurity, BPD, absent 
LPA, CHF 
2 4.OF 17.7 10 13 26 1.0 30 9 
3 45.0F 50.0 6 14 13" 1.0 35 CVA, left axillary artery 
embolism (paradoxical 
embolism) 
4 6.0M 25.4 8 17 2.0 — 33t PDA ligated in infancy 
5 5,0M 22.8 6 16 1.8 1.0 33 0 
6 15.0F 44.0 15 19 2.3 Ll 40 o 
7 5.5M 22.0 7.5 13 2.2 LE 35 Coarctation repaired in 
infancy 
8 40F 15.2 10.5 15.5 2.3 La 35 0 
9 3.0M 16.8 10 16 2.0 16 40 0 
10 43.0F 64.0 oo 13.5 1.0* 1.0 35 CVA, paradoxical embo- 
lism 
ll 3.0M 12.0 7 10 2.0 Le 30 0 
12 1.25M 10.2 vee - 2.0 1.2 30 (9) 
*Adult patients with paradoxical embolism. — = 
{Device dislodged, 
BPD = bronchopulmonary dysplasia; CHF = congestive heart failure; CVA = cerebrovascular accident; LPA = left pulmonary artery; POA = patent ductus arteriosus; Qp:Qs = 
pulmonary-to-systamic flow ratio. 





was left-to-right shunting across the ASD, both on 
echo-Doppler studies and by oximetry at the time of 
cardiac catheterization, in all but 1 adult with paradoxi- 
cal embolism (Table I). The other adult had a small 
left-to-right shunt with a resultant pulmonary-to-sys- 
temic flow ratio (Qp:Qs) of 1.3. Qp:Qs varied between 
1.5 and 2.6 (mean 2.1 + 0.3) in the remaining patients. 

The size of the device implanted across the ASD 
varied between 25 and 40 mm (Table I); in the initial 4 
patients, the first-generation device was used, and in the 
remaining 8, the second-generation device with a radi- 
opaque marker (Figure 2) on the button was used. im- 
plantation of the device was performed in all 12 pa- 
tients; however, in 1 child (Table I) with a first-genera- 
tion device, the implanted device dislodged from the 
ASD site within minutes after placement, and the child 


FIGURE 1. Selected video frames from subcostal, 2-dimen- 
sional, echocardiograplic views of atrial septum in (a) long- 
and (b) short-axis views. Atrial septal defect (open arrow) is 
measured in both views and averaged. LA = left atrium; 
RA = right atrium. 
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was taken to surgery, during which time the device was 
removed, and the ASD closed. 

After device implantation, oxygen saturation data 
and pulmonary artery cineangiography showed no resid- 
ual shunt in 8 patients, Small residual shunt with Qp:Qs 
of 1.1 to 1.2 was observed in 3.children (Table I). Echo- 
Doppler studies on the afternoon of device implantation 
showed excellent positioning of the device (Figure 3). 
Mild, color flow disturbance was observed in 3 children 
(the same ones with residual shunt by oximetry). 

The size of the right ventricle in children decreased 
from 23 + 6 to 17 + 4 mm (p.<0.02). In the 2 adults, 
right ventricular size was initially normal and: remained 
unchanged after closure. Paradoxical motion of the in- 
terventricular septum reverted to normal in all patients. 
All patients were discharged on the day after the proce- 
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dure. No complications other than the aforementioned 
device dislodgement occurred. 

Follow-up data were available in all patients 0.5 to 

18 months (mean 8 + 6) after the procedure. The de- 

vice was seen to be in position both on chest roentgeno- 
grams and 2-dimensional echographic studies (Figure 
3). The size of the right ventricle (mean 17 + 3 mm) 

remained unchanged (p >0.1) when compared with 

that immediately after the procedure by echographic 

study. There was no paradoxical septal motion in any 

patient. Small residual shunt detected by color Doppler 

study was observed in 2 children at follow-up. Neither 

adult had recurrence of cerebrovascular or any other 

embolic phenomenon. No complications were observed 

during follow-up. 


DISCUSSION 

Feasibility of transcatheter closure of ASD was 
demonstrated by King and Mills and their coworkers, 
and by Rashkind.* However, the device delivery cathe- 
ters were large and bulky and needed 23Fr and 16Fr 
sheaths, respectively, for implantation of King et al’s? 
interlocking umbrellas, and Rashkind’s* “hooked” de- 
vice. However, modified Rashkind’s* double-disc device 
could be delivered through an 11Fr sheath. This device 
was modified by Lock et alf (the clamshell septal um- 
brella® [USCI]), and could also be delivered through an 
11Fr sheath. Although much improved, the 11Fr sheath 
is also too bulky for use in infants and small children. 
Sideris et al? developed a buttoned device that could be 
delivered to the ASD site through an 8Fr sheath. They 
initially used this device to occlude experimental ASD 
in piglets’ (with success) and subsequently reported 
their use of it in 3 children.’ We used the buttoned de- 
vice in 6 patients.?:!° This device is small and can easily 
be delivered through an 8Fr sheath, and we were able to 





c echocardiogr: 
2 ) immediately implantation, and (c) at fonouvam. A Atrial septal defect (open arrow) is seen in atrial septum (2), 
Which is completely occhuded (b and c) Note device (closed arrow) occluding atrial defect. LA = left atrium; RA = right atrium. 





successfully occlude an ASD in a baby weighing 3.6 kg. 
The small-sized catheter delivery system and the ease 
with which the device can be implanted across the ASD 
are definite advantages of Sideris’ buttoned device over 
the other ones. 

In the present study, we successfully implanted the 
device in 12 patients. In 1 child, minutes after the im- 
plantation, the device spontaneously dislodged from the 
ASD site. Inspection of the surgically explanted device 
revealed that the tie binding the occluder with the 
counter-occluder was torn. In this child, we used exces- 
sive force while buttoning the device. Based on this ex- 
perience, we modified the device by: (1) strengthening 
the tie by replacing silk with 4-lb-proof nylon, and (2) 
introducing a radiopaque marker on the button, so that 
passage of the buttonhole of the counter-occluder over 
the button can easily be visualized by fluoroscopy. This 
modified, second-generation device was used in the last 
8 patients. Gentle and simultaneous pulling of the oc- 
cluder while pushing the counter-occluder with the tip 
of the sheath is all that is needed, and this buttoning 
can easily be seen on fluoroscopy. Device dislodgement 
did not occur after the aforementioned modifications 
were introduced. Thus, 1 of 4 patients (25%) with the 
first-generation devices dislodged, whereas of 8 with the 
second-generation devices, none dislodged (p <0.05). 

We used only fluoroscopy during device placement. 
Hellenbrand et al!* used transesophageal echocardio- 
graphic guidance for device placement, in addition to 
fluoroscopy. Sideris et alë also used this technique in 1 
patient. Although there are advantages for transesopha- 
geal echocardiographic monitoring, it carries additional 
risk and prolongs the procedure. Furthermore, general 
anesthesia is usually needed!> if transesophageal moni- 
toring is used during device implantation. Because we 
performed the procedure with a sedative mixture and 


G 
aphic view of atrial septum (a) before 
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local Xylocaine anesthesia, we did not use transesopha- 
geal echocardicgraphic guidance. We believe that fluor- 
scopy is adequate. However, the advantages and disad- 
vantages with the additional use of transesophageal 
monitoring are worth investigating in future studies. 
-Careful transthoracic echocardiography before im- 
plantation of the device is necessary to evaluate the size 
and location of the ASD, and to assure that an ade- 
quate rim of atrial septal tissue is present all around the 
ASD to hold the device in place. Patients with deficient 
septal rim tissue (Figure 4) are not candidates for trans- 
catheter closure. Final decision to implant the device 
should be made after balloon-sizing of the ASD.'':!2 
Adult patients may need a transesophageal study to 
evaluate these issues before attempting transcatheter 
closure. 
Decrease in the size of the right ventricle, and rever- 
sion back to nermal of the paradoxical septal motion 
immediately after transcatheter ASD closure and at fol- 








low-up-.are suggestive of rapid ablation of the atrial. 
shunt. Small residual shunts at follow-up were seen in 2 
children, but without right ventricular volume overload- 
ing; whether these will eventually close spontaneously 
should be determined during further follow-up studies. 
In 2 adult patients with paradoxical embolism 
resulting in cerebrovascular accidents, the ASD was 
closed successfully. During follow-up, no further embol- 
ic episodes were noted. Rome et alf reported transcath- 
eter closure in 2 such patients. Although there is no gen- 
eral consensus,'® some investigators!’!8 recommended 
surgical closure of the foramen ovale. Now that the 
transcatheter closure method is available, this may be 
an effective alternative to surgical closure. 
Transcatheter closure of the ASD is gaining wider 
acceptance as an alternative to surgical closure. The 
small-sized device delivery system and the ease of im- 
plantation of the buttoned devices may have advantages 
compared with other devices needing a larger delivery 


FIGURE 4. (a) Apical and (b) subcostal, 4- 
chamber view of atrial septum showing 
deficient atrial septal tissue (arrows). Sub- 
costal, 4-chamber view of atrial septum in 
(c) long- and (d) short-axis views of atrial 
septum also showing deficient septum in 
different patient. Solid arrow heads show 
diminutive atrial septal rims. LA = left 
atrium; LV = left ventricle; RA = right atri- 
um; RV = right ventricle; TV = tricuspid 
valve. 
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heath, It is condui that ansceatheter shone of the 
_ ASD with the buttoned device is safe and effective, es- 
pecially with the second-generation device, and:can be 







mplished with small (8Fr) sheaths (even in infants 
we ching 3.6 kg), and clinical trials on a larger number 
patients with this device are needed. 


a ‘Acknowledgment: We wish to express appreciation 
_ to E.B. Sideris, MD, for demonstrating the procedure in 
: animal models and children. 
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BRIEF SUMMARY 


CARDIZEM” 
(diltiazem hydrochloride) 
Tablets 


CONTRAINDICATIONS 

CARDIZEM is contraindicated in (1) patients with sick sinus 
syndrome except in the presence of a functioning ventricular 
pacemaker, (2) patients with second- or third-degree AV block 
except in the presence of a functioning ventricular pacemaker, 
(3) patients with hypotension (less than 90 mm Hg systolic), 
(4) patients who have demonstrated hypersensitivity to the drug, 
and (5) patients with acute myocardial infarction and pulmonary 
congestion documented by x-ray on admission 


—— 

1. Cardiac Conduction. CARDIZEM prolongs AV nade refractory 
periods without significantly prolong ng sinus nede recovery 
time, except in patients with sick sinus syndrome. This effect 
may rarely result in abnormally slow™eart rates (particularly 
in patients with sick sinus syndrome) or second- or third- 
degree AV block (six of 1,243 patients for 0.48%). Concomi- 
tant use of diltiazem with beta-blockers or digitalis may result 
in additive effects on cardiac conduction. A patient with 
Prinzmetal's angina developed periads of asystole (2 to 5 
seconds) after a single dose of 60 me of diltiazem 

2. Congestive Heart Failure. Although diltiazem has a negative 
inotropic effect in isolated animal tissue preparations, hemo- 
dynamic studies in humans with normal ventricular function 
have not shown a reduction in cardiac index nor-consistent 
negative effects on contractility (dp/dt). Experience with the 
use of CARDIZEM alone or in combination with beta-blockers 
in patients with impaired ventricular function is very limited. 
Caution should be exercised when using the drug in such 
patients. 

3. Hypotension. Decreases in blood pressure assoeiated with 
CARDIZEM therapy may occasionally result in symptomatic 
hypotension. 

4. Acute Hepatic Injury. In rare instances. significant elevations 
in enzymes suchas alkaline phosphatase, LDH, SGOT, SGPT, 
and other phenomena consistent with acute hepatic injury 
have been noted. These reactions havebeen reversible upon 
discontinuation of drug therapy. The relationship to CARDIZEM 
is uncertain in most cases, but probable in some. (See 
PRECAUTIONS.) 


PRECAUTIONS 

General. CARDIZEM (diltiazem nydroch oride) is extensively 
metabolized by the liver and excreted by the kidneys and in bile. 
As with any drug given over prolonged periods, laboratory 
parameters should be monitored at regular intervals. The drug 
should be used with caution in patients with impaired renal or 
hepatic function. In subacute and chronic dog and rat studies 
designed to produce toxicity, high doses of diltiazem were 
associated with hepatic damage. In special subacute hepatic 
studies, oral doses of 125 mg/kg and higher in rats were asso- 
ciated with histological changes in the liver which were reversible 
when the drug was discontinued. In dogs, doses of 20 mg/kg were 
also associated with hepatic changes; however, these changes 
were reversible with continued dosing 

Dermatological events (see ADVERSE REACTIONS section) 
may be transient and may disappear despite continued use of 
CARDIZEM. However, skin eruptions progressing to erythema 
multiforme and/or exfoliative dermatitis have also been infre- 
quently reported. Should a dermatologic reaction persist, the drug 
should be discontinued 

Drug Interaction. Due to the potential for additive effects, 
caution and careful titration are warranted in patients receiving 
CARDIZEM concomitantly with any agents known to affect 
cardiac contractility and/or conduction. (See WARNINGS.) 


CAT7XC 5AA 


CARDIZEM |x — 


diltiazem HCD 
UNSURPASSED 


EFFICACY 


AND SAFETY 


Pharmacologic studies indicate that there may be additive 
effects in prolonging AV conductien when using beta-blockers or 
digitalis concomitantly with CARDIZEM. (See WARNINGS.) 

As with all drugs, care should be exercised when treating 
patients with multiple medications. CARDIZEM undergoes 
biotransformation by cytochrome P-450 mixed function oxidase 
Coadministration of CARDIZEM with other agents which follow the 
same route of biotransformation may result in the competitive 
inhibition of metabolism. Dosages of similarly metabolized drugs, 
particularly those of low therapeutic ratio or in patients with renal 
and/or hepatic impairment, may require adjustment when 
starting or stopping concomitantly administered CARDIZEM to 
maintain optimum therapeutic bland levels. 


Beta-blockers: Controlled and uncontrolled domestic studies 
suggest that concomitant use of CARDIZEM and beta-blockers 
or digitalis is usually well tolerated. Available data are not suffi- 
cient, however, to predict the effects of concomitant treatment, 
particularly in patients with left ventricular dysfunction or cardiac 
conduction abnormalities. 

Administration of CARDIZEM (diltiazem hydrochloride) con- 
comitantly with propranolol in five normal volunteers resulted in 
increased propranolol levels in all subjects and bioavailability of 
propranolal was increased approximately 50%. If combination 
therapy is initiated or withdrawn in conjunction with propranolol, 
an adjustment in the propranolol dese may be warranted. (See 
WARNINGS.) 

Cimetidine: A study in six healthy volunteers has shown a 
significant increase in peak diltiazem plasma levels (58%) and 
area-under-the curve (53%) after a 1-week course of cimetidine 
at 1,200 mg per day and diltiazem 60 mg per day. Ranitidine 
produced smaller, both la inereases. The effect may be 
mediated by cimetidine’s known inhibition of hepatic cytochrome 
P-450, the enzyme system probably responsible for the first-pass 
metabolism of diltiazem. Patients currently receiving diltiazem 
therapy should be carefully monitored for a change in pharma- 
cological effect when initiating and discontinuing therapy with 
cimetidine. An adjustment in the diltiazem dose may be warranted. 

Digitalis: Administration of CARDIZEM with digoxin in 24 
healthy male subjects increased plasma digoxin concentrations 
approximately 20%. Another investigator found no increase in 
digoxin levels in 12 patients with coronary artery disease. Since 
there have been conflicting results regarding the effect of digoxin 
levels, it is recommended that digoxin levels be monitored when 
initiating, adjusting, and discontinuing CARDIZEM therapy to avoid 
possible over- or under-digitalization. (See WARNINGS.) 

Anesthetics: The depression of cardiac contractility, conduc- 
tivity, and automaticity as well as the vascular dilation associated 
with anesthetics may be potentiated by calcium channel blockers. 
When used concomitantly, anesthetics and calcium blockers 
should be titrated carefully 

Carcinogenesis, Mutagenesis, Impairment of Fertility. A 
24-month study in rats and a 21-month study in mice showed no 
evidence of carcinogenicity. There was also no mutagenic 
response in in vitro bacterial tests. No intrinsic effect on fertility 
was observed in rats. 


Pregnancy. Category C. Reproduction studies have been 
conducted in mice. rats, and rabbits. Administration of doses 
ranging from five to ten times greater (on a mg/kg basis) than the 
daily recommended therapeutic dose has resulted in embryo and 
fetal lethality. These doses. in some studies, have been reported 
to cause skeletal abnormalities. In the perinatal/postnatal studies, 
there was some reduction in early individual pup weights and 
survival rates. There was an increased incidence of stillbirths 
at doses of 20 times the human dose or greater. 

There are no well-controlled studies in pregnant women; 
therefore, use CARDIZEM in pregnant women only if the poten- 
tial benefit justifies the potential risk to tne fetus. 


Nursing Mothers. Diltiazem is excreted in human milk, One 





report suggests that concentrations in breast milk may approxi- 
mate serum levels. If use of CARDIZEM is deemed essential, an 
alternative method of infant feeding should be instituted. 

Pediatric Use. Safety and effectiveness in children have not 
been established 


ADVERSE REACTIONS 

Serious adverse reactions have been rare in studies carried out 
to date, but it should be recognized that patients with impaired 
ventricular function and cardiac conduction abnormalities have 
usually been excluded. 

In domestic placebo-controlled angina trials, the incidence of 
adverse reactions reported during CARDIZEM therapy was not 
greater than that reported during placebo therapy. 

The following represent occurrences observed in clinical studies 
of angina patients. In many cases, the relationship to CARDIZEM 
has not been established. The most common occurrences from 
these studies, as well as their frequency of presentation, are: 
edema (2.4%), headache (2.1%), nausea (1.9%), dizziness 
(1.5%), rash (1.3%), asthenia (1.2%), In addition, the following 
events were reported infrequently (less than 1%): 
Cardiovascular: Angina, arrhythmia, AV block (first degree), 

AV block (second or third degree—see con- 
duction warning), bradycardia, bundle 
branch block, congestive heart failure, ECG 
abnormality, flushing, hypotension, palpita- 
tions, syncope, tachycardia, ventricular 
extrasystoles, 

Nervous System: Abnormal dreams, amnesia, depression, gait 
abnormality, hallucinations, insomnia, ner- 
vousness, paresthesia, personality change, 
somnolence, tremor. 

Gastrointestinal: Anorexia, constipation, diarrhea, dysgeusia, 
dyspepsia, mild elevations of alkaline phos- 
phatase, SGOT, SGPT, and LDH (see hepatic 
warnings), thirst, vomiting, weight increase. 


Dermatological: Petechiae, photosensitivity, pruritus, 
urticaria. 
Other: Amblyopia, CPK elevation, dry mouth, 


dyspnea, epistaxis, eye irritation, hyper- 
glycemia, hyperuricemia, impotence, 
muscle cramps, nasal congestion, nocturia, 
osteoarticular pain, polyuria, sexual difficul- 
ties, tinnitus. 


The following ey events have been reported 
infrequently in patients receiving CARDIZEM: alopecia, erythema 
multiforme, extrapyramidal symptoms, gingival hyperplasia, 
hemolytic anemia, increased bleeding time, leukopenia, purpura, 
retinopathy, and thrombocytopenia. There have been observed 
cases of a generalized rash, characterized as leukocytoclastic vas- 
culitis. In addition, events such as myocardial infarction have been 
observed which are not readily distinguishable from the natural 
history of the disease in these patients. A definitive cause and effect 
relationship between these events and CARDIZEM therapy can- 
not yet be established. Exfoliative dermatitis (proven by 
rechallenge) has also been reported. 
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Reversal of Endothelin-1-Induce d — 


Vasoconstriction by Nifedipine in Human 


_ Resistance Vessels in Vivo in Healthy Subje 


ts 





Wolfgang Kiowski, MD, and Lilly Linder, MD 


_ The influence of blockade of voltage-operated cal- 

cium channels by nifedipine on endothelin-1-in- 

_ duced vasoconstriction was investigated in 10 

_ healthy volunteers. Brachial artery infusions of ni- 

_ fedipine (0.25, 0.5, 1 and 3 ag/min/ 100 mi fore- 
arm tissue) resulted in dose-dependent increases 
(mean + SD) in forearm blood flow (103 + 63% to 
833 + 426%). Intraarterial infusions of endothe- 
lin-1 (50 ng/min/100 mil) resulted in transient in- 

_ creases in forearm blood flow (2.6 + 0.9 vs 3.9 + 
2.0 mi/min/ 100 ml, p <0.01) in the first minute of 

_ infusion and subsequent decreases (to 1.0 + .5 

- mi/min/100 ml, p <0.01) in the third minute of in- 
fusion. Endothelin-1-induced vasoconstriction was 
reversed by the lowest dose of nifedipine, whereas 

the higher dosages of nifedipine further increased 

forearm blood flow to 12.5 + 6.4 ml/min/100 ml. 
The percent increase of forearm blood flow during 

_co-infusion of endothelin-1 and the highest dosage 

_ of nifedipine was significantly greater compared 

_ with nifedipine alone (1,204 + 531% vs 833 + 

426%, p <0.05). The results demonstrate a dual 

-action of luminally applied endothelin-1 in human 

„resistance vessels in vivo (e.g., transient initial va- 
sodilation followed by pronounced vasoconstric- 
tion) and suggest that blockade of voitage-oper- 
ated calcium channels can effectively counteract 
the vasoconstrictor effects of endothelin-1. 

i (Am J Cardiol. 1992;69:1063-1066) 
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2l-amino acid peptide endothelin-1'? which 

has potent and long-lasting vasoconstrictor ac- 
tivity in nonhuman? and also in human arteries and 
veins in vitro. The mechanisms underlying endothelin- 
l-induced vasoconstriction are not entirely clear.’ In 
particular, there is controversy with respect to the in- 
volvement of voltage-operated calcium channels since 
organic calcium antagonists in some studies inhibited 
endothelin-1-induced vasoconstriction'® but had no 
substantial influence in others.>°® There is also evidence 
that endothelin-1 induces vasodilatation,*’ possibly 
through endothelial release of prostacyclin!!! or endo- 
thelium-derived relaxing factor.'!° Data on the vascular 
effects of endothelin-1 in humans in vivo are scarce,!?! 
but it has been shown that the vasoconstrictor response 
of human resistance vessels to brachial artery infusions 
of endothelin-1 in healthy volunteers can be effectively 
blocked by co-infusion of high dosages of either nifedi- 
pine or verapamil.'4 Thus, there are considerable dis- 
crepancies regarding the reversibility of the vasocon- 
strictor effects of endothelin-1 by calcium antagonists. 
Because. of increasing evidence that endothelin-1 may 
be of importance in a variety of cardiovascular disor- 
ders,'>!9 the present study was designed to further ana- 
lyze the dependence of endothelin-1-induced vasocon- 
striction on the activity of voltage-operated calcium 
channels in humans in vivo. 


gez endothelial cells produc sad release the 


METHODS 

Subjects: Ten healthy, normotensive (casual sitting 
blood pressure <140/90 mmHg) volunteers (6 men and 
4 women), aged 21 to 44 years (mean 29.6), participat- 
ed in the study. The study protocol was approved by the 
hospital ethical committee on the use of human subjects 
in clinical investigations and all subjects gave written 
informed consent. 

Forearm blood flow measurements: Forearm blood 
flow was measured bilaterally by venous occlusion 
plethysmography. Details of the technique have been 
described elsewhere.” In short, a mercury-in-Silastic 
strain gauge was placed at the upper third of the fore- 
arm, which rested comfortably on a support slightly 
above the level of the heart. The strain gauge was cou- 
pled to an electronically calibrated plethysmograph 
(EC3, Hokanson, Issaquah, Washington). Venous oc- 
clusion was achieved by a blood pressure cuff applied 
proximal to the elbow and inflated to 40 mm Hg by a 
rapid cuff inflator (EC10, Hokanson). The hand was 
excluded from circulation by inflating a pediatric blood 
pressure cuff placed around the wrist to 50 mm Hg 
above systolic pressure 1 minute before and during fore- 
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arm blood flew measurements. Experiments were done 
on the left (experimental) forearm, while blood flow 
measurements on the right arm served as a control. Ple- 
thysmographic recordings were analyzed using a digitiz- 
ing board and a suitably. programmed computer. The 
mean value of 4 to © recordings obtained within 1 min- 
ute was taken for statistical evaluation. Forearm vascu- 
lar resistance was calculated by dividing mean arterial 
pressure by forearm blood flow and is expressed as arbi- 
trary units. Heart rete was monitored from the electro- 
cardiogram. 

Preparation of selutions for infusions: The forearm 
volume of each subject was measured by water displace- 
ment, and drug doses were adjusted accordingly. Al! so- 
lutions were freshly prepared before each study. En- 
dothelin-1 (Ciba-Geigy, Basel, Switzerland) was diluted 
in Physiogel (4% gelatin solution, molecular weight 
22,000, Swiss Red Cross, Berne, Switzerland) to avoid 
binding to syringes or tubing. Infusions of Physiogel at 
volumes of up to 6 ml/min have been shown not to in- 
fluence forearm blocd flow to a measurable degree.” 
Nifedipine was administered using commercially avail- 
able (Bayer, Leverkusen, Federal Republic of Germa- 
ny) black-coated syringes and tubing for light protec- 
tion, Intraarterial infusions were performed with vol- 
umes between 0.5 and 2.0 ml/min using a constant 
speed infusion pump (Sage Instruments Inc., Syracuse, 
New York). 

Study protocok All studies were performed in the 
morning with the subjects recumbent and comfortably 
resting after a light breakfast. All subjects had been 
asked to refrain from smoking cigarettes and drinking 
caffeinated beverages for 8 hours before the study; no 
subject was taking any medicine. The studies were per- 
formed in a quiet, air-conditioned room at an ambient 
temperature of 20 to 22°C and lasted for approximately 
4 hours. Under local anesthesia (lidocaine 1%) an 18 
gauge catheter (Abbocath-T, Abbott, Sligo, Ireland) 
was inserted into the left brachial artery for regional 
drug infusion and recording of arterial pressure using a 
Statham P23 Pb pressure transducer. The subjects were 
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FIGURE 1. Changes in forearm blod flow during 
brachial artery infusion of endothelin- «1-in.a healthy volunteer. 
Numbers denote individua! forearm blood flow values 
ee ee ee 
forearm blood flow followed by 
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allowed. to. rest. for 30 minutes after completion of in- 
strumentation before basal forearm blood flow, intraar- 
terial blood-pressure- and heart rate were recorded. 
Next, nifedipine was infused into the left brachial artery 
in 4 dosages (0.25, 0.5, 1, and 3 wg/min/100 ml fore- 
arm tissue for 3 minutes each) and forearm blood flow 
measured in the third minute of each infusion. The dos- 
ages were chosen based on a previous study demonstrat- 
ing that they produced regional vasodilation without 
systemic hemodynamic effects.2* After completion of 
nifedipine infusions, forearm blood flow was allowed to 
return to control levels. Next, endothelin-1 was infused 
in a dose of 50 ng/min/100 mi over 3 minutes and fore- 
arm blood flow measured throughout the infusion peri- 
od. This regimen was chosen based on previous observa- 
tions that this dose on. average caused a 50% reduction 
of resting forearm blood flow in normal volunteers!4 
and that little further vasoconstriction occurred between 
the third and fifth minute of endothelin-1 infusion. Sub- 
sequently, the brachial artery infusions of nifedipine 
(0.25, 0.5, 1, and 3 «g/min/100 ml) were repeated dur- 
ing co-infusion of endothelin-1 (50 ng/min/100 ml) and 
forearm blood flow measured in the third minute of 
each combined infusion. 

Statistical analysis: Results. are expressed as mean 
+ SD. Analysis of variance for repeated measurements 
was used to evaluate the time course of endothelin-1 
and nifedipine effects on forearm blood flow. The t test 
for paired observations was used to compare results ob- 
tained after a particular intervention with the corre- 
sponding control values. For evaluation of the effects 
of nifedipine on endothelin-1-induced vasoconstriction, 
percent changes from the. corresponding control values 
were used. A 2-tailed p value <0.05 was considered to 
indicate a significant difference. All calculations were 
performed using the StatView I (Abacus, Berkley, Cal- 
ifornia) statistical program. 


RESULTS 

None of the subjects experienced subjective or objec- 
tive side effects during endothelin-1 infusions and none 
of the interventions resulted in measurable changes 
in blood pressure, heart rate or contralateral forearm 
blood flow. Thus, changes in blood flow in the experi- 
mental arm directly reflected changes in vascular resis- 
tance attributable to a particular intervention. The time 
course of changes in forearm blood flow changes during 
endothelin-1 infusion in one subject is depicted in Fig- 
ure 1. Endothelin-1 caused an early and transient vaso- 
dilator effect which peaked in the first minute. Subse- 
quently, vasoconstriction with a reduction in forearm 
blood flow ensued. On average, forearm blood flow in- 
creased 46% (2.6 + .9 to 3.9 + 2.0 ml/min/100 ml (p 
<0.01) in the first minute of endothelin-1 infusion and 
decreased 60.8% (to 1.0 + 0.5 ml/min/100 ml) in the 
third minute (Figure 2). Brachial artery infusions of ni- 
fedipine alone resulted in dose-dependent increases in 
forearm blood flow from a control value of 2.1 + 0.76 
te 17.9 + 7.9 mi/min/100 ml. The same infusions dur- 
ing co-infusion of endothelin-1 resulted in an increase 
from 1.0 + 0.5 to 12.5 + 6.4 ml/min/100 ml. The low- 
est dose of nifedipine, which alone increased forearm 
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blood flow by 103 + 63%, completely reversed the re- 
_ duction in forearm blood flow induced by endothelin-1 
(1.0 + 0.5 vs 2.4 + 1.1 ml/min/100 ml). A comparison 
_ of percent changes in forearm blood flow in response to 
`- nifedipine alone and in combination with endothelin-1 
_ (Figure 3) indicated that nifedipine increased forearm 


blood flow to a similar extent whether or not endothe- 


lint ‘was present and that the highest dose of nifedipine 
in combination with endothelin-1 resulted in greater 
_ changes of forearm blood flow compared with nifedi- 
pine alone (1,204 + 531% vs 833 + 426%, p <0.05). 


The present study demonstrates that endothelin-1 
-has a dual action on human resistance vessels in vivo 
(e.g., a sizable but transient initial vasodilator effect and 
a subsequent marked vasoconstrictor effect). The pat- 
tern. of initial vasodilatation and subsequent vasocon- 

‘striction is similar to that observed in a conscious dog 

-model?} and would be compatible with the contention 
-that luminally administered endothelin-1 first has to be 
taken up into the endothelium where it may rapidly re- 
- Jease both prostacyclin'®!' or endothelium-derived re- 

-laxing factor, or both.!° After passage through the en- 

-dothelium the peptide eventually leads to smooth mus- 
cle contraction that, in the dosage given, overrides the 
vasodilator effect resulting in marked vosoconstriction. 
- The study also demonstrates that endothelin-1-induced 
vasoconstriction is effectively. counteracted by blockade 
_ of voltage-operated calcium channels. Thus, brachial ar- 
-stery infusions of ascending dosages of nifedipine com- 
pletely abolished the vasoconstrictor effects of endothe- 
- lin-1, leading to further, pronounced vasodilatation for 
the higher dosages of the calcium antagonist. Although 
-forearm blood flow did not increase to the same abso- 
_ Jute level during infusion of both endothelin-1 and ni- 
_ fedipine compared with nifedipine alone, the relative in- 
crease during endothelin-1 co-infusion was statistically 
greater for the highest dose of nifedipine. Thus, the 
present study confirms previous observations that block- 
ade of voltage-operated calcium channels reverses en- 
dothelin-1-induced vasoconstriction'4 and extends that 
finding to the fact that lower dosages of a calcium an- 
tagonist than used before appear to be effective. Where- 
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Control 1 min 3 min 
Endothelin-1 (50 ng/min/100 ml) 


“FIGURE 2. Bar graph of forearm blood flow before (Control) 
` and during the first and third minute of brachial artery infu- 
sions of endothelin-1 in 10 healthy volunteers. **p <0.01 vs 
Control. 











as a dose of 6 ug of nifedipine/min/100 ml forearm 
tissue was used previously'* the lowest dose in the pres- 
ent study was 0.25 ug/min/100 ml. We did not mea- 
sure forearm plasma nifedipine concentrations in this 
study. However, approximate plasma concentrations 
can be estimated from flow and infusion rate, e:g., 250 
ng nifedipine/min/100 ml tissue and a corresponding 
plasma flow of approximately 3 ml/min/100 mi tissue 
for the lowest nifedipine dose. This would result in plas- 
ma concentrations in the range of 80 ng/ml, values only 
slightly above those described in some hypertensive sub- 
jects after administration of oral nifedipine.** Because 
this dose of nifedipine already completely reversed the 
vasoconstrictor effect of endothelin-1, it is suggested 
that similar findings might be obtained during oral ad- 
ministration of a calcium antagonist. Even though’ our 
results suggest effective inhibition by blockade of volt- 
age-operated calcium channels of vasoconstriction in- 
duced by luminally administered exogenous endothelin- 
1, it remains to be seen whether this applies also to oral 
administration of calcium antagonists, to vascular ef- 
fects of endogenously released endothelin-1 and to vas- 
cular beds other than the musculocutaneous vessels of 
the forearm. 

Our findings have some bearing on the proposed 
mechanisms of action of endothelin-1 and, possibly, 
may shed additional light on therapeutic aspects of car- 
diovascular therapy with calcium antagonists. The se- 
quence of events whereby endothelin-1 leads to vascular 
muscle contraction is not entirely clear, and differences 
between species and vascular beds investigated have to 
be considered.’ However, endothelin-1-induced vasocon- 
striction appears to involve a component sensitive to 
blockade of voltage-operated calcium ion channels’5 as 
well as a component that is not.’??6 The nonblockable 
component is associated with an increase in intracellular 
free cytosolic calcium through activation of phospholi- 
pase C or protein kinase C, or both, leading to increased 
phosphoinositol turnover. The resulting membrane de- 
polarization appears to activate voltage-operated, calci- 
um antagonist blockable L-type calcium ion channels 
leading to sustained contractions. It has also been shown 
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FIGURE 3. Bar graph of changes in forearm blood flow in re- 
sponse to brachial artery infusions of alone and in 
combination with endothelin-1 (50 ng/min/100 ml) in 10 
healthy volunteers. Values are percent changes from the cor- 

preinfusion values. *p <0.05, nifedipine vs nifedi- 
pine + endotheln-1. 
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that the development of vascular tone depends more on 
calcium influx through slow calcium ion channels in 
small rather than large arteries.” Even though the initi- 
ation of the cascade of events leading to sustained vaso- 
constriction may not be related to activation of voltage- 
operated calcium ion channels, it is therefore conceiv- 
able that the marked dependence of vascular tone on 
the activity of voltage-operated calcium ion channels 
may account for the abolition of sustained endothelin-1- 
induced vasoconstriction in resistance vessels as ob- 
served in this study and also in human mesenteric resis- 
tance vessels in vitro.® 

The physiologic role of endothelin-1 is not known 
and plasma levels in healthy volunteers are low.!2!7 
However, elevated endothelin-1 plasma concentration 
has been described in a variety of cardiovascular disor- 
ders such as acute renal failure,!5 acute myocardial in- 
farction and cardiogenic shock,'® severe hypertension!’ 
and human atherosclerosis.'9 It is interesting to note in 
this context that doubling of plasma endothelin-1 con- 
centrations in dogs resulted in marked increases in vas- 
cular resistance, particularly in the renal vasculature,” 
a finding which might indicate that increased endothe- 
lin-1 levels play a pathophysiologic role in these condi- 
tions. There is also growing evidence that endothelin-1 
may play a role in the development of coronary vaso- 
spasms.'® Interestingly, calcium antagonists are remark- 
ably effective in a number of these conditions such as 
severe hypertension? or coronary vasospasm.” Inas- 
much as elevated plasma endothelin-1 concentrations in 
these conditions reflect a causal relation it is conceivable 
that part of the beneficial effects of calcium antagonists 
may be accounted for by an interference with endothe- 
lin-1-induced vasoconstriction. Endothelin-! also has 
mitogenic properties in vascular muscle, and endothe- 
lin-1 like immunoreactivity has been found in vascular 
muscle of human atherosclerotic vessel.!9 Although the 
effects of calcium antagonists on endothelin-1-induced 
mitogenesis have not been examined, it is tempting to 
speculate that the postulated antiatherosclerotic effects 
of calcium antagonists in humans?!32 may be at least 
partly attributable to an interference with the peptide’s 
smooth muscle proliferative effects. 


REFERENCES 

1. Yanagisawa M, Kurihara H, Kimura S, Tomobe Y, Kobayashi M, Mitsui Y, 
Yazaki Y, Goto K, Masaki T. A novel potent vasoconstrictor peptide produced by 
vascular endothelial cells. Nature 1988;332:411~415. 

2. Itoh Y, Yanagisawa M, Ohkubo S, Kimura C, Kosaka T, Inoue A, Ishid N, 
Mitsui Y, Onda H, Fujino M, Masaki T. Cloning and sequence analysis of cDNA 
encoding the precursor of a human endothelium-derived vasoconstrictor peptide, 
endothelin: identity of human and porcine endothelin. FEBS Lett 1988;231: 
440-444, 

3.'D’Orleans-Juste P, Finet M, de Nucci G, Vane JP. Pharmacology of endothe- 
lin-1 in: isolated. vessels: effect of nicardipine, methylene blue, hemoglobin and 

gossypol: J Cardiocase Pharmacol 1989;13(suppl 5):19-22. 

4. Minkes RF, MacMillan LA, Bellan JA, Kerstein MD, McNamara DB, 

‘Kadowitz PJ. Anaysis of regional responses to endothelin in the hindquarter 

“vascular bed of cats: Am J Physiol. 1989;256;H598-H602. 

5. Yang Z, Bauer E, von Segesser L; Stulz P, Turina M; Lüscher TF. Different 
mobilization. of calaum in endothelin-|-induced ‘contractions in human arteries 
and veins: effects of calcium: antagonists. J Cardiovasc. Pharmacol 1990;16: 
684-660. 


1066. THE-AMERICAN JOURNAL OF CARDIOLOGY” VOLUME 69 





6. Miyauchi T, Tomobe Y, Shiba R, Ishikawa T, Yanagisawa M, Kimara: S, 
Sugishita Y, Ho 1, Goto K, Masaki T. Involvement of endothelin in the regulation 
of human vascular tonus: potent vasoconstrictor effect and existence in endothelial 
cells. Circulation 199038 1:1874-1880, 

7. Masaki T, Kimura S, Yanagisawa M, Goto K. Molecular and cellular mecha- 
nism of endothelin regulation. Circulation 1991,86:1457- 1468. 

8. Chabrier PE, Auguet M, Roubert P, Onchampt MO, Gillard V, Guillon J-M, 
Delaflotte S, Braquet P. Vascular mechanism of action of endothelin-1: effect of 
Ca?+ antagonists. J Cardiovasc Pharmacol 1989:13{supp! 5):218-219. 

9. Lippton HL, Hauth TA, Summer WR, Hyman AL. Endothelin produces 
pulmonary vasoconstriction and systemic vasodilation. J App! Physiol 1989;66: 
1008-1012. 

10. De Nucci G, Thomas R, D’Orleans-Juste P, Walder C, Antunes E, Warner 
D, Vane JR. Pressor effects of circulating endothelin are limited by its removal in 
the pulmonary circulation and by the release of prostacyclin and endothelium- 
derived relaxing factor. Proc Natl Acad Sci 1988:85:9797-9800. 

11. Rae GA, Trybulec M, de Nucci G, Vane JR. Endothelin-1 releases eicosan- 
oids from rabbit isolated perfused kidney and spleen. J Cardiovasc Pharmacol 
1989; 1 3(suppl 5):89-92. 

12. Vierhapper H, Wagner O, Nowothny P, Waldhaus! W. Effect of endothelin-! 
in man. Circulation 1990;81:1415~1418. 

13. Hughes AD, Thom SAM, Woodall N, Schachter M, Hair WM, Martin GN, 
Sever PS. Human vascular responses to endothelin-1; observations in vivo and in 
vitro. J Cardiovase Pharmacol 1989,13(suppl 3):225~-228. 

14. Kiowski W, Lüscher TF, Linder L, Bühler FR. Endothelin-1 induced vaso- 
constriction in man: reversal by calcium channel blockade but not by nitrovasodi- 
lators or endothelium derived relaxing factor. Circulation 1991;83:469-475. 
15. Firth JD, Ratcliffe PJ, Raine AE, Ledingham JGG. Endothelin: an impor- 
tant factor in acute renal failure. Lancet 1988;2:1179-1182. 

16. Miyauchi T, Yanagisawa M, Tomizawa T, Masaki T. Increased plasma 
concentrations of endothelin-1 and big endothelin-1 in acute myocardial infarc- 
tion. Lancet 1989;2:53-54, 

17. Kohno M, Yasunari K, Murakawa KI, Yokokawa K, Horio T, Fikui T, 
Takeda T. Plasma immunoreactive endothelin in essential hypertension. Am J 
Med \990;88:614-618. 

18. Yang Z, Richard V, von Segesser L, Bauer E, Stulz P, Turina M, Lüscher TF. 
Threshold concentrations of endothelin-1 potentiate contractions to norepineph- 
rine and serotonin in human arteries: a néew mechanism of vasospasm? Circulation 
1990382: 188-195, 

19. Lerman A, Edwards BS, Hallett JW, Heublein DM, Sandberg SM, Burnett 
JC Jr. Circulating and tissue endothelin immunoreactivity in advanced atheroscle- 
rosis, N Engl J Med 1991:325:997-1001. 

20. Kiowski W, Bühler FR, van Brummelen P, Amann FW. Plasma noradrena- 
line concentration and alpha-adrenoceptor-mediated vasoconstriction in normo- 
tensive and hypertensive man, Clin Sci 1981,60:483-489. 

21. Bolli P, Müller FB, Linder L, Raine AEG, Resink TJ, Erne P, Kiowski W, 
Ritz R, Bühler FR. The vasodilator potency of atrial natriuretic peptide in man. 
Circulation 1987;75:221-228. 

22. Kiowski W, Berte! O, Erne P, Hulthén UL, Bolli P, Ritz R, Bühler FR. 
Hemodynamic and reflex mechanisms of acute and chronic antihypertensive 
therapy with the calcium channel blocker nifedipine. Hypertension 1983;5(suppl 
1):70-74, 

23. Bigaud M, Vatner SF. Opposing regional vasodilator and vasoconstrictor 
action of endothelin-! in conscious dogs (abstr). Circulation 1990;82(suppl 
HD: H-400. 

24. Lederballe-Pederson O, Christensen CK, Mikkelsen E, Ramsch KD. Rela- 
tionship between the antihypertensive effect and steady-state plasma concentra- 
tion of nifedipine given alone and in combination with a beta-adrenoceptor- 
blocking agent. Eur J Clin Pharmacol 1980;18:287-293. 

25. Goto K, Kasuya Y, Matsuki N, Takuwa Y, Kurihara H, Ishikawa T, Kimura 
S, Yanisagawa M, Masaki T. Endothelin activates the dihydropyridine-sensitive, 
voltage-dependent Ca?* channel in vascular smooth muscle. Proc Natl Acad Sci 
USA 1989;86:391 5-3918. 

26. Cauvin C, Lakeman S, Cameron J, Hwang O, van Bremen C. Differences in 
norepinephrine activation and diltiazem inhibition of Ca?* channels in isolated 
rabbit aorta and mesenteric resistance vessels: Cire Res 1985;36:822-828. 

27. Lerman A, Hildebrand FL Jr, Aarhus LL, Burnett JC Jr. Endothelin has 
biological actions at pathophysiclogical concentrations. Circulation 1991;83: 
1808-1814. 

28. Bertel O, Conen D, Radü EW, Müller J, Lang C, Dubach UC. Nifedipine in 
hypertensive emergencies. Br Med J 1983,286:19-20. 

29. Hill JA, Feldman RL, Pepine CI, Conti CR. Randomized double-blind 
comparison of nifedipine and isosorbide dinitrate in patients with coronary arterial 
spasm. Am J Cardiol 1982;49:431-438. 

30. Hirata Y, Takagi Y, Fukuda Y, Maramo F. Endothelin is a potent mitogen 
for rat vascular smooth muscle cells. Atherosclerosis 1989;78:225-228. 

31. Lichtlen PR, Hugenholtz PG, Rafflenbeul W, Hecker H, Jost S, Deckers JW. 
Retardation of angiographic progression of coronary artery disease by nifedipine. 
Lancet 1990;336:1109~1113. 

32. Waters D, Lesperance J, Francetich M, Causey D, Theroux P, Chiang YK, 
Hudon-G, Lemarbre L, Reitman M, Joya! M,-et.ak A controlled clinical trial to 
assess the effect of a calcium: channel blocker on the progression of coronary 
atherosclerosis, Circulation 1990;82:1940-1953, 


APRIL 15, 1992 








-Left Ventricular Dimensions and Mass Using 
Magnetic Resonance Imaging in Female 
Endurance Athletes 


Maggie Riley-Hagan, MD, Ronald M. Peshock, MD, James Stray-Gundersen, MD, 
Jose Katz, MD, Timothy W. Ryschon, MD, and Jere H. Mitchell, MD 


_ Few published studies of left ventricular (LV) 


_ mass in female endurance athletes have been per- 
formed with M-mode echocardiography, which in- 
volves assumptions of LV geometry. Therefore, 
‘magnetic resonance imaging, a 3-dimensional 
technique, was used to examine LV mass, LV end- 
diastolic volume and mean wall thickness in fe- 
‘male long distance runners (n = 13; mean age 29 

: years), cyclists (n = 12; mean age 26 years) and 

: cross-country skiers (n = 11; mean age 24 years), 

-and the findings were compared with sedentary 

- control subjects (n = 10; mean age 27 years) 

“matched for height and body weight. The physical 

characteristics for all subjects included height 

(mean 166 cm, and body weight (mean 56 kg). 

The percent body fat (mean 11.7) and maximal 

oxygen uptake (VO2max, mean 63 mi kg. 

mint) were similar (p >0.05) among all athletic 

“groups, but significantly different from the control 

group (body fat, mean 22.59%; VO2max, mean 35 

cmi mt ke! *min-1), LV mass (mean 159 kg), LV 

` end-diastolic volume (mean 122 mi), and mean 

‘wall thickness (mean 11.5 mm) were also similar 
among the athletic groups and significantly larger 
than the following control values: LV mass (mean 
115 g), LV end-diastolic volume (mean 93 ml) and 
mean wali thickness (mean 9.8 mm). Ratios of LV 
mass to lean body weight were similar among all 
athletic groups, although athletic groups had larg- 
er ratios (p <0.05) than the sedentary control sub- 
jects. LV mass/LV end-diastolic volume ratio was 

«similar (p >0.05) among all groups. Our findings 
indicate that LV mass, LV end-diastolic volume 
and mean wall thickness are greater in endurance 
athletes than sedentary control subjects and that 
the increase in LV mass is proportional to the in- 
crease in LV end-diastolic volume. 

(Am J Cardiol 1992;69:1067-1074) 
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jects and using echocardiography have investi- 
gated whether endurance trained athletes have in- 
creased left ventricular (LV) mass compared with sed- 
entary subjects. -6 Echocardiographic studies of LV 
mass in female athletes are few in number and include 
the evaluation of small groups.™!? Only Mickelson et 
al® examined the relationship between LV mass and LV 
end-diastolic volume in female athletes. Moreover, the 
validity of echocardiographic studies have come into 
question since they involve assumptions of LV geometry 
and the conversion of 1-dimensional data to mass: mea- 
surements,”6.13 
As demonstrated by Keller!4 and Katz!’ and their 
co-workers, magnetic resonance imaging has been 
shown to be a highly accurate and reliable method for 
determining LV mass. Magnetic resonance imaging has 
been used in our laboratory to examine LV mass of elite 
male endurance athletes.'° Therefore, this present study 
was designed to continue these efforts by using magnet- 
ic resonance imaging to evaluate LV mass, LV end-dia- 
stolic volume and mean wall thickness in female endur- 
ance athletes and in sedentary control subjects matched 
for height, body weight and body surface area. 


P rior studies involving predominantly male sub- 


METHODS 
Subjects: Thirty-six female endurance athletes and 
10 sedentary control subjects participated in this investi- 
gation. The nature and purpose of the study and the 
risks involved were explained to all subjects, and each 
signed an informed consent form before participation. 
The study had been approved by the Institutional: Re- 
view Board at University of Texas Southwestern Medi- 
cal Center. The endurance athletes consisted of 13 long 
distance runners, 12 cyclists, and 11 cross-country ski- 
ers. The long distance runners had all run a 10 km race 
in 38:00 minutes within the last 2 years. The cyclists 
were category 3 or better racers, as designated by the 
United States Cycling Federation. The cross-country 
skiers were women who consistently placed in the.top 20 
in national races. The 10 sedentary control subjects con- 
sisted of women who had not participated in any orga- 
nized sport and who had not engaged in any regular 
conditioning program for at least 2 years before testing. 
and tests: The percentage of body 
fat was calculated from body density according to the 
Brozek formula!’ as determined by hydrostatic weigh- 
ing. Lean body weight was calculated as total body 
weight minus fat weight. Body surface area was ob- 
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ae [ TABLE I Subject Characteristics 























Le 


pee Long- “Cross 
Distance Country Sedentary 
Runners Cyclists Skiers Controls 
Variable (n= 13) (n = 12) (n= 11) (n = 10) 
Age (yr) 29+2 26 +2 24 + 3* 2726 
Height (cm) 169 +5 165 +5 166 +5 165+ 5 
Body weight 5424 5844 5925 56+7 
(kg) 
Body surface 1.61 + 0.08 1.63 + 0.08 1.65 + 0.08 1.60 + 0.10 
area (m?) 
Body fat 9,8 + 2.2 13.7+3.5 11.94 3.5 22.5 + 5.9f 
(%) 
Lean body 4944 50 +3 52 + 4* 43 + 3t 
weight (kg) 
*Significantly different from long-distance runners (p <0.05). 
Significantly different from long-distance runners, cyclists and cross-country skiers (p <0.05), 
Al values are mean + SD, 





tained from tables based on height and body weight us- 
ing the equation of Dubois.'® | 

Maximal aerobic power (VO2max) was determined 
on either a treadmill, a cycle ergometer, or a Schwinn 
Airdyne ergometer. The peak VO, obtained during 
each test was taken as VOmax. In the long distance 
runners, cross-country skiers and sedentary control 
groups, VO» was determined on a motor-driven tread- 
mill. The treadmill exercise protocol consisted of a 
warm-up at a horizontal running speed that elicited a 
heart rate of approximately 150 beats - min™!. An 
incremental work load was then performed until volun- 
tary exhaustion. The cross-country skiers also per- 
formed an incremental work load test that consisted of 
roller-skiing or roller-blading on the treadmill until vol- 
untary exhaustion. The cyclists performed VO max 
tests on both the Monark cycle ergometer and the 
Schwinn Airdyne ergometer. These tests consisted of in- 

: cremental werk load to voluntary exhaustion. When 2 
tests were performed, the highest obtained VO max 
value was used in the data analysis. These test proto- 
cols were designed to test the athlete in her specific 
sport, which has been shown to elicit the most accurate 
VOxmax values.!9-2! 

During each VO.max test, heart rate was recorded 
each 5. seconds by telemetry with a Quantum XL heart 
rate monitor. A printout of the heart rate was obtained 
at the end of each exercise bout via a Commodore com- 
puter. Open circuit spirometry was used to determine 
oxygen uptake. Inspired air was measured for ventila- 
tion by a Parkinson-Cowan gasmeter. Expired mixed 
air gas fractions were analyzed by Ametek O- (S-3A1) 
and carbon dioxide (CD-3A) analyzers. Electrical sig- 
nals were fed into an Apple II computer via an A/D 
converter, from which pulmonary ventilation (Vg, li- 
ters/min), oxygen uptake (VO., ml/kg/min and liters/ 
min), and carbon dioxide production (VCO», liters / 
min) were calculated by Rayfield software (Rayfield 
Equipment, Waitsfield, Vermont). VO. and VCO, were 
corrected te standard temperature pressure dry 
(STPD), and ; a printout of data was obtained every 30 
seconds. VO.max was calculated from the 2 highest 
contiguous 30-second values. 


Left ventricular dimensions and mass: LV dimen- 
sion and mass were assessed in all subjects by magnetic 
resonance imaging. Prior studies from this institution 
have found LV mass as determined by magnetic reso- 
nance imaging to be highly correlated (r = 0.98) to the 
weight of the left ventricle of Canine'4 and human!5 
cadaver hearts. Magnetic resonance imaging was per- 
formed using a Diasonics 0.35 tesla magnetic resonance 
imaging device. This system uses a spin-echo pulse se- 
quence gated by electrocardiogram. A series of 10 im- 
ages of parallel slices was taken from the cardiac apex 
to the base. Each slice was obtained at the same point in 
the cardiac cycle. Images were obtained throughout the 
cardiac cycle ranging from end-diastole to end-systole. 
The 5 images obtained at end-diastole and the 5 images 
obtained at 50 ms after end-diastole were used to calcu- 
late LV volume. Images were assessed in a blinded fash- 
ion. Intraobserver reproducibility was 0.96. 

Software available on the imaging device was used 
to determine LV wall volume. A trackball was used to 
outline LV epicardium and endocardium of the 10 im- 
ages obtained including papillary muscle. If no myocar- 
dium was seen this image was not included. The num- 
ber of voxels (volume elements within the epicardial and 
endocardial borders) was then calculated. This proce- 
dure was repeated 3 times for each of the 10 images, 
and then the values were averaged. The mean number 
of voxels representative of myocardium was summed 
over the entire heart. This number was then multiplied 
by the volume per voxel to obtain the total volume of 
myocardium. As determined by phantoms, voxel vol- 
ume was 1.70 mm X 1.70 mm with an interslice thick- 
ness of 10.1 mm. The mass of the left ventricle was then 
calculated by multiplying the total myocardial volume 
by the density of myocardial tissue (1.05 g/ml). In ad- 
dition, calculations were made to determine LV end- 
diastolic volume and mean wall thickness. LV end-dia- 
stolic volume was calculated from the product of the 
sum of the voxels within the endocardial border and the 
volume per voxel. Mean wall thickness was calculated 
from the average thickness of all slices excluding apical 
and basal slices. Wall thickness for each slice was caleu- 
lated from the difference of the radii of the area con- 
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TABLE I Maximal Exercise Values for the Groups 
































Long- Cross- 
Distance Country Sedentary 
Runners Cyclists Skiers Controls 
Variable (n= 13) (n = 12) (n= 11) (n = 10) 
4 
Heart rate 187 +9 187+9 191 +8 193 +5 
maximum 
(beats - min“ 1) 
Maximal oxygen 3.40 + 0.30 3.59 + 0.32 3.71 + 0.34 1.91 + 0.16* 
uptake (L < min”) 
Maximal oxygen 635 62 t7 62 £3 35 + 4* 
uptake (ml - 
keg-} - min 1) 
f *Significantly different from long-distance runners, cyclists and cross-country skiers (p < 0.05). 1 
All values are mean + SD. 
‘ 
| TABLE fll Group Values for Left Ventricular Mass 
Long- Cross- 
Distance Country Sedentary 
Runners Cyclists Skiers Controls 
Variable (n= 13) (n = 12) (n= 11) (n = 10) 
F 
LV mass (g) 154 + 14 160 + 24 163 + 19 115 + 15* 
LV mass/body 2.87 + 0.33 2.78 + 0.39 2.74 + 0.23 2.10 + 0.38* 
weight (g« kg~ 4) 
LV mass/body 9649 98 + 14 98 + 10 72 * 10* 
surface area 
(g: kg} m~t) 
LV mass/lean 3.19 + 0.35 3.22 + 0.41 3.11 + 0,28 2.70 + 0.40* 
body weight 
(g+ kg?) 


*Significantly different from long-distance runners, cyclists and cross-country skiers (p < 0.05), 
All values are mean + SD, 





tained within the endocardium and the area within the 
epicardium plus endocardium. 

Statistical methods: One-way analysis of variance 
¿was used to determine significant differences among 
‘group means. An a value of 0.05 was accepted as signif- 
icant. Post-hoc analysis was performed using the stu- 
`. dent Newman-Keuls procedure. Least-squares linear re- 
gression analysis was used to develop correlation. coeffi- 
cients. between dependent and independent variables. 


: RESULTS 
| Subject characteristics: The endurance athletes and 
sedentary control subjects. were similar (p >0.05) in 
< height, weight and body surface area (Table I). The 
cross-country skiers were significantly younger than the 
long distance runners. Percent body fat was similar (p 
<: >0.05) among all athletic groups, although cross-coun- 
try skiers had a greater lean body weight than long dis- 
tance runners. The sedentary women had a significantly 
smaller lean body weight and greater percent body fat 
than the athletes. 
(Maximal oxygen uptake: VO.max was significantly 
: greater for all athletes than for control subjects when 
expressed in absolute values and when adjusted for body 
- weight (Table IN). There were no differences in VO; 
_ max among the athletes. Maximal heart rates were sim- 
a (p >0.05) for all groups. Absolute VO.max was 
: "ignificantly (p <0.05) correlited to lean body weight 
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Left Ventricular Mass/Body Surface Area{g-m* ) 


Left Ventricular Mass (g) 








Left Ventricular Mass /Body Weight (g-kg™') 


LDR CYC XCS LOR CYC XCS 





Left Ventricular Mass/Lean Body Weight (g-kq"*) 





weight. *SC significantly different from LDR, CYC and XCS 
(p <0.05). 
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at TABLE IV Group Values for Left Ventricular End-Diastolic Volume E T 


























Long- Cross- ; | 
Distance Country Sedentary | 
Runners Cyclists Skiers Controls | 
Variable in = 13) (n = 12) (n= 11) (n= 10) i 
| Sumer Senet ore 
LV end-diastolic 1149 128 + 19 126 + 17 92 + 10* / 
volume (ml) l 
LV end-diastolic 2.12 + 0.20 2.24 + 0.39 2.13 £ 0.31 1682 0.28" | 
volume/body 
weight (mi3 - kg~1) 
LV end-diastolic 7it6 79 + i2 77201 58 + 7* 
volume/ body 
surface area 
(mi - m2 ~i) 
LV end-diastolic 2.36 + 0.22 2.58 + 0,38 2.43 + 0.39 2.17 +0.31F 
volume/lean 
body weight 
i (mi3 - kg) J 
*Significantly different from long-distance runners, cyclists and cross-country skiers (p < 0.05), 
{Significantly different from cyclists. 
All values are mean + SD. 
(r-=0.81, p= 0.0001), body weight (r = 0.31, p = of LV end-diastolic volume/body weight and LV end- 
0.04) and body surface area (r = 0.33, p = 0.03). diastolic volume/body surface area revealed significant- 


Left ventricular mass: Absolute LV mass was simi- 
lar (p >0.05) for all athletes, but significantly greater 


than that for sedentary control subjects (Table III and 


a _ Figure 1). When normalized for bodyweight, body sur- 


. ‘face area and lean body weight, LV mass was still sig- 


nificantly greater in athletes than in control subjects. 
< LV mass was moderately correlated with lean body 
-weight (r = 0.67, p = 0.0001) (Figure 2) and VO; (r = 


0.79, p = 0.0001) (Figure 3), respectively, and demon- 


strated a low correlation with body weight (r =0.31, 


a - p= 0.04) and body surface area (r = 0.32, p = 0.03). 


Left ventricular end-diastolic volume: LV end-dia- 
stolic volume was similar among all endurance trained 
groups and was significantly larger than in the seden- 
tary control subject (Table IV and Figure 4). The ratio 


LVM=3.71 (LBW)-30.52 
r=.67 p<O0.0001 n=46 
a 
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FIGURE 2. Lf ventricular mass (LVM) ia relation oan 
use tatty te er ior all endurance athletes and control 
subjects. Other s as in Figure 1. 
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ly larger ratios for all athletic groups than for sedentary 
control. LV end-diastolic volume/lean body weight ratio > 
was similar among all athletic groups. However, only 
cyclists had larger LV end-diastolic volume/lean body 

weight ratios than sedentary control subject. End-dia- 

stolic volume was significantly related to lean body 

weight (r = 0.50) (Figure 5) and to VO) (r= 0.71) 
(Figure 6), but not to body weight (r = 0.22, p = 0.15) 

or to body surface area (r = 0.18, p = 0.23). 

Left ventricular mass to end-diastolic volume ratio 
and mean wall thickness: LV mass/LV end-diastolic 
volume ratio was similar for all groups (mean 1.30 + 


LVM= 26.72 (VO2max)+63.91 
r=,79 p<0.0001  n=46 
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016) (Figure 7). Mean wall thickness was. similar for 
all endurance groups (mean 11.5 + 1.29 mm) (Figure 
7) and significantly greater than that for sedentary con- 
trol subjects (mean 9.8 + 0.9mm). Mean wall thick- 
ness was significantly correlated with lean body weight 
(r = 0.59, p = 0.0001) and with absolute VO, (r = 
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FIGURE 7. Comparison between long-distance runners (LDR), 
cyclists (CYC), cross-country skiers (XCS) and sedentary con- 


trols (SC) for absolute left ventricular mass to left ventricular 
end-diastolic. volume ratio (g - m1) and mean wall thickness 
(mm). *SC significantly different from LDR, CYC and XCS 
{p <0.05). 
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TABLE V Studies of Left Ventricular Mass in Female Athietes 























Wall % 
“Study Subjects No. VOamax Thickness LYEDV. LVM Diff. LVM/mĉ LVM/LVEDV 
Cohen Dancer 15 _ 10.3* 81 189 34 123 m= 
(1980) Cantrots 7 — 3.8* 69 141 95 -l 
Mickelson Renners 32 mm 11.0 99 142 38 89 1.43 
(1986) Controls 40 _ 6.6 85 193 64 1.21 
Mumford Renners 9 oe 10.5t 93 205 45 136 -l 
(1981) Controls 9 — 8.6t 83 142 86 — 
Rubal Softball 9 55 8.5* 110 168 37 — == 
(1981) players 
Cantrols 10 40 ia 88 123 —_— — 
Rubal Dancers 8 52 7.2* 110 143 14 86 ~ 
(1987) Runners 6 59 7.6* 130 164 30 110 —_ 
Swimmers 10 56 7.9% 108 153 21 93 -== 
Sprinters 8 58 8,0* 115 163 29 99 — 
Basketball 9 N/M 77* 149 180 43 98 = 
players 
Controls 30 40 7.3* 96 126 77 amam 
Zeldis Heckey — 52 9.5* 108 178 39 110 -< 
(1978) players 
Controls a= 41 9,5* 77 128 82 _ 








* Average of inteaventricuiar septal wall thickness and left posterior wall thickness. 
tLeft ventricular posterior wall thickness. 

Values represent mean + SD. 

Diff. = difference; LVED\. = left ventricular end-diastolic volume; LVM = 






: Jett ventricular mass; VOemax = maximal oxygen uptake. 














DISCUSSION 

The effect of endurance training on heart size has 
been investigated for many years. Early studies using 
physical diagnosis, roentgenography, electrocardiogra- 
phy and autopsy studies have suggested increased heart 
~ size in athletes.2+* More recently LV mass has been 
_ examined by echocardiography, and numerous stud- 
< ies!24622 have noted an increase in LV mass of male 
athletes. 

Most of the studies that have addressed the question 
of the effect of exercise on LV mass in female ath- 
letes’-!2 have reported that LV mass is increased. How- 
ever, most of these studies have used M-mode echocar- 
diography to determine LV mass. They have been lim- 
ited by the following: (1) lack of measurements of 
cardiovascular functional capacity, such as VO.max; 
(2) absence of anthropometric and body composition 
measurements for purposes of normalizing cardiac mea- 
sures; and (3) failure to determine interrelationships be- 
tween LV mass and physical characteristics such as 
body weight, body surface area and lean body weight. 
These conditions are necessary for determining accurate 
LV mass, establishing endurance capacities of the sub- 
jects, and examining which factors are contributing to 
increased LV mass. 

Some investigators?*!3 have questioned whether M- 
mode echocardiography is able to precisely measure LV 
wall and chamber dimensions because of the formulas 
that require the cubing or squaring of 1-dimensional 
data for the calculation of LV mass.>*4 In addition, 
assumptions of LV geometry, usually assuming that the 
ventricle is an ellipsoid, are necessary in these formulas 
and may lead. to further inaccuracies in LV mass calcu- 
lations.'? 

An increase in LV chamber size with a concomitant 
increase in LV mass has been described as eccentric hy- 


pertrophy, whereas an increase in LV mass without a 
change in chamber size is defined as concentric hyper- 
trophy. It has been hypothesized that endurance train- 
ing leads to increased LV end-diastolic volume secon- 
dary to a chronic volume overload, and that endurance 
training leads to an increase in LV mass because of an 
increase in systolic blood pressure during exercise. Oth- 
er investigators suggest that the increase in mass is a 
consequence of the increase in LV end-diastolic volume 
in accordance with the law of La Place, which states 
that wall stress is equal to (pressure X radius) /wall 
thickness: o = (P - r)/w. Thus, volume overload would 
increase. wall stress (i.e., increase LV end-diastolic vol- 
ume) and therefore an appropriate increase in wall 
thickness would occur to relieve this stress. 

Left ventricular mass: Most cross-sectional echocar- 
diographic studies of female athletes have found in- 
creased absolute mass compared with sedentary control 
subjects (Table V). Cohen? Mickelson, Rubal!® and 
Zeldis!? and their co-workers found that female athletes 
had significantly larger absolute masses than did control 
groups, similar to our current study. Rubal et al,!! in 
studying several different groups of athletes, found that 
only long distance runners and basketball players had 
significantly larger LV masses than did control subjects. 

Only a few studies of female athletes have simulta- 
neously measured VOzmax and heart mass. Rubal!®.!! 
and Zeldis‘* and their associates (Table V) reported 
larger VOzmax values for female athletes than for con- 
trol subjects, similar to results in the present study (Ta- 
ble II). These. results confirm prior findings that ath- 
letes have a higher level of endurance training and high- 
er VOzmax than do sedentary. women. 

It is well documented that endurance-trained ath- 
letes have a greater VO.max than do sedentary people. 
Many studies also have suggested that endurance ath- 
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Tetes have larger hearts or larger LV masses, or both. 
‘However, to our knowledge only 1 other study has di- 
rectly examined the relationship between VO.max and 
LV mass in women. Rubal et all! found a significant 
_relationship between VOomax and LV mass (r = 0.323, 
: p <0.05) among all subjects. In an investigation of men, 





illiken et al'® found that LV mass measured by mag- 
netic resonance imaging was significantly correlated 
Uy VO;max (r = 0.80). In the present study, VO, 
„max was significantly related to LV mass (r = 0.79). 
Our elite, female endurance athletes had an overall 
mean VO .max of 62 ml - ke~! - min@', indicating a 
‘very high level of cardiovascular fitness. Furthermore, 
these athletes — long-distance runners, cyclists and 
cross-country skiers — had been competing in their 
sports for 7, 3 and 9 years, respectively. Thus, our find- 
ings confirm that endurance training, or at least the ca- 
pacity to do extensive endurance training, is a signifi- 
‘cant factor in the development of a larger LV mass in 
female athletes than in sedentary women. 
- Left ventricular end-diastolic volume: In the present 
study, LV end-diastolic volume was similar in all athlet- 
ic groups and larger than that in sedentary control sub- 
jects. Cohen,’ Mickelson, Rubal!® and Zeldis!? and 
their co-workers also found significantly larger LV end- 
diastolic volume for their athletic groups than control 
subjects (Table V). In addition, Rubal et al!! found that 
among several athletic groups only long distance run- 
‘ners and basketball players had larger LV end-diastolic 
volumes than controls. Our values for LV end-diastolic 
volume were somewhat larger than those reported in 
Other studies; however, our values fall within the normal 
` limits of LV end-diastolic volume for body surface area 
‘as reported by Valdez et al.?5 In the present study, LV 
end-diastolic volume/body surface area and LV end- 
diastolic volume/body weight ratios were similar among 
the athletic groups and larger than those of sedentary 
women. Mumford and Prakash? reported larger LV 
end-diastolic volume/body surface area ratios for run- 
ners than for control subjects, whereas Cohen et al’ 
found no difference in LV end-diastolic volume/body 
surface area ratios between dancers and control sub- 
jects. Rubal et al!! found that only long-distance run- 
ners and basketball players had larger LV end-diastolic 
volume/body surface area ratios. than control subjects, 
-whereas his other athletic groups did not. LV end-dia- 
stolic volume was significantly correlated with lean 
body. weight (r = 0.53) and VOomax (r = 0.71) in this 
study. Zeldis et al!? found that LV end-diastolic vol- 
-ume/body surface area was significantly correlated with 
VO.max ml - kg! - min7! (r = 0,63). 
~ Left ventricular mass/volume ratio and mean wall 
thickness: Mean wall thickness was observed in the 
. present study to be larger in the endurance athletes than 
in sedentary control subjects. Some prior studies of fe- 
male athletes have reported. increases in LV posterior 
wall thickness’“° compared with sedentary control sub- 
jects. Other studies have found no differences in intra- 
-ventricular septal thickness'!:!* or in LV posterior wall 
thickness,'!*!? whereas Mickelson? found no difference 
in LV wall thickness between runners and control sub- 





jects. Our wall thickness was calculated from the mean 
of numerous measurements taken through the heart, as 
opposed to echocardiographic studies in which only 1 
measurement is obtained. This suggests that the finding 
of no difference in wall thickness between athletes and 
control subjects in previous studies may be due to the 
limitations of echocardiography, or to studying ‘sub- 
jects who are not as well trained as our endurance ath- 
letes. 
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ADVERSE REACTIONS: In controlled studies in the United States 
and overseas approximately 3000 patients were treated with felodi- 
pine as either the extended-release or the immediate-release for- 
mulation, 

The most common clinicakadverse experiences reported with 
PLENDIL® (Felodipine, MSD) administered as monotherapy in all 
settings and with all dosage forms of felodipine were peripheral 
edema and headache. Peripheral edema was generally mild, but it 
was age- and dose-related anit resulted in discontinuation of ther- 
apy in about 4 percent of the enrolled patients. Discontinuation of 
therapy due to any clinical adverse experience occurred in about 9 
percentof the patients receiving PLENDIL, principally tor peripheral 
edema, headache, or flushing. 

Adverse experiences that occurred with an incidence of 1.5 
percent or greater during moratherapy'with PLENDIL without re- 
gard to causality are comparec to placebo in the table below 


Percent of Patients with Adverse Effects in Controlled Trials 
of PLENDIL as Monotherapy (Incidence of discontinuations 
shown in parentheses) 


PLENDIL% Placebo % 


Adverse Effect N=730 N=283 
Peripheral Edema 223 (4.2) 35 
Headache 18.6 (2.1) 10.6 
Flushing 64 (1.0) 141 
Dizziness 5.8 (0.8) 3.2 
Upper Resniratory Infection 5.5 (0.1) 11 
Asthenia 47 (0.1) 28 
Cough 29 (00 04 
Paresthesia 25 (0.1 18 
spepsia 2.3 (0.0; 14 
Chest Pain 21 (0.1) 14 
Nausea 19 (08 ia 
Muscle Cramps 19 (00 11 
Palpitation 18 (05) 25 
Abdominal Pain 18 (03) 1.1 
Constipation 16 (0.1) 11 
Diarrhea 16 (0.1) 11 
Pharyngitis 16 ip a 04 
Rhinorrhea 16 (0.0 0.0 
Back Pain 16 (0 y Ka 
Rash 15 (0.1 T 
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Inthe two dose response studies using PLENDIL® (Felodipine, MSD) 
as monotherapy, tne following table describes the incidence 
(percent) of adverse experiences that were dose-related 


Placebo 5.0mg 10.0 n 20 
Adverse Effect N=121 N= N=1 N =50 
Peripheral Edema 25 13.9 19.5 36.0 
Palpitation 08 00 24 12.0 
Headache 124 11.1 18.7 28.0 
Flushing 00 28 8.1 20.0 


In addition. adverseexperiences that occurred in 0.5 up to 1.5 per- 
cent of patientswho received PLENDIL in all controlled clinical stud- 
ies (listed in order of decreasing severity within each category) and 
serious adverse events that occurred at a lower rate or were found 
during marketing exoerience (those lower rate events are in italics) 
were. Body as a Whole: Facial edema, warm sensation, Cardiovas- 
cular: Tachycardia, myocardial infarction, hypotension, syncope, 
angina pectoris, armythmia; Digestive: Vomiting, dry mouth, flatu- 
lence, Hematologic: Anemia, Musculoskeletal: Arthralgia, arm 
pain, knee pain, leg pain, foot pain. hip pain, myalgia; Nervous/Psy- 
chiatric: Depression, amoi disorders. insomnia, irritability, ner- ` 
vousness, somnolence: Respiratory: Bronchitis, influenza, 
sinusitis. dyspnea. epistaxis, respiratory infection, sneezing; Skin: 
Contusion, erythema, urticaria. Urogenital: Decreased libido. m- 
potence, urinary frequency, urinary urgency, dysuria 

Felodipine. as an immediate release formulation, has also been 
studied as monotherapy in 680 patients with hypertension in U.S. 
and overseas controlled clinical studies. Other adverse experi- 
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in <0.5 percent of patients in controlled studies This condition may 
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from the circulation by hemodialysis 
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isSmgoncea day. Therapy should be adjusted individually accord- 
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large increase in the rate of peripheral edema and other vasodila- 
tory adverse events (see ADVERSE REACTIONS). Modification of 
the recommended cosage is usually not required in patients with 
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PLENDIL should be swallowed whole and not crushed or 
chewed. x 
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| To determine the clinical features, course and out- 

come of patients with cardiac tamponade, 57 con- 
secutive patients with new, large pericardial effu- 

_ gions were prospectively studied. Twenty-five pa- 

_ tients (44%) developed cardiac tamponade with 

“venous hypertension and a pulsus paradoxus >10 

i Hg. Electrocardiography, radiographic studies 

























_ and echocardiography did not differentiate pa- 
_ tients with and without tamponade. All 57 pa- 
_ tients underwent thorough diagnostic evaluation 
_ followed by subxiphoid pericardial biopsy and 
r 'ainage. A diagnosis was obtained in 53 patients 
>). Collagen vascular disease was significantly 
more frequent in the 25 patients with than in the 
2 without cardiac tamponade (24 vs 3%; p 
5). The frequency of malignant and enik ef- 
ons was equal in both groups, whereas radia- 


DF had recurrent effusions, and 1 needed 
n Prob oration, This was not significantly different 
` from the 32 patients without tamponade. Twelve- 
` month mortality was also similar in both groups 
_ (36 vs 44%). This prospective series disclosed 
-several unexpected findings: (1) Cardiac tampon- 
ade occurred in almost 50% of patients with new 
: e pericardial effusions; (2) both malignancy 
- and collagen vascular disease occurred with equal 
_ frequency as etiologies, whereas radiation-in- 
_ duced tamponade was unusual; (3) thorough clini- 
cal evaluation resulted in few idiopathic etiologies; 
` and (4) subxiphoid pericardiotomy was effective 
: for both diagnosis and therapy of tamponade. 
PEER (Am J Cardiol 1992;69:1075-1078) 
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of disease processes. As a result, the clinical pre- 

sentation can vary from a slowly evolving one to 
a rapidly progressive emergency. Although much has 
been written about the pathophysiology, physical signs 
and echocardiographic findings of tamponade, there has 
not been a large prospective evaluation of its clinical 
features, course or outcome. This study reports the re- 
sults of a prospective, nonrandomized trial of subxiph- 
oid pericardiotomy for patients with large pericardial 
effusions and cardiac tamponade. 


METHODS 

Patient selection: All echocardiograms of patients 
admitted to Duke University Medical Center and the 
Durham Veterans Administration Medical Center from 
May 1987 through December 1988 were screened. Only 
patients with large pericardial effusions were selected. 
Large pericardial effusions were defined as those with 
both anterior and posterior fluids, and one half centime- 
ter of fluid either anteriorly or posteriorly during. dias- 
tole. Cardiac tamponade was defined as a pericardial 
effusion with associated venous hypertension and a pul- 
sus paradox >10 mm Hg. 

Seventy-five patients were evaluated, and 57 were 
enrolled in the study. Eighteen patients were excluded 
from the protocol for the following reasons: patient re-. ° 


Criss tamponade can occur from a number 


fused procedure (n = 7), physician refused procedure = o 


(n = 6), chronic stable effusion (>6 months) (n= 3), 
and patient expired before procedure (n = 2), 

Clinical assessment: Each patient was evaluated by 
1 of the authors, and a physical examination, and labo- 
ratory and radiologic work-up were performed, includ- 
ing a complete blood count, coagulation. studies, serum 
electrolytes and creatinine, blood urea nitrogen, calci- 
um, albumin, protein, liver function studies, lactate 
dehydrogenase, thyroid studies, antinuclear antibody, 
rheumatoid factor, tuberculin and control skin tests, ap- 
propriate cultures, chest x-ray and electrocardiogram.. 
Acute and convalescent viral serologies for herpes sim- 
plex, lymphocytic choriomeningitis virus, cytomegalovi- 
rus, influenza and Coxsackie B'~® were collected. Other 
serologies included toxoplasma, legionella, mycoplasma, l 
syphilis and leptospira. Electrocardiographic, echocar- 
diographic and radiographic analyses were performed in. . 
an independent, blinded manner. 

Intervention: A subxiphoid pericardial biopsy and 
drainage were performed according to the methods of 
Fontenelle et al.! Pericardial fluid was analyzed for glu- 
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= b SABLE E Symptoms ) TABLE IN Electrocardiographic Findings 
Dyspnea on exertion 80% (20/25) 72% (23/32) Sinus tachycardia (= 100) 44% (11/25) 31% (10/32) 
‘Dyspnea at rest 64% (16/25) 59% (19/32) Low voltage 24% (6/25) 31% (10/32) 
Orthopnea 56% (14/25) 34% (11/32) Diffuse ST depression 24% (6/25) 16% (8/32) 
Cough 48% (12/25) 41% (13/32) Diffuse ST elevation 20% (5/25) 12% (4/32) 
“Chest pain 40% (10/25) 66% (21/32) Electrical alternans 12% (3/25) 6% (2/32) 
"Fever 40% (10/25) 31% (10/32) Diffuse T inversion 12% (3/25) 9% (3/32) 
“Edema 32% (8/25) 50% (16/32) PR depression 8% (2/25) 9% (3/32) 
> Paroxysmal nocturnal dyspnea 32% (8/25) 19% (6/32) Atrial fibrillation 8% (2/25) 3% (1/32) 
Abdorninal swelling 24% (6/25) 22% (7/32) 
Night sweats 16% (4/25) 19% (6/32) 
Syncope 8% (2/25) 0% (0/32) 
; None 0% (0/25) 3% (2/32) TABLE IV Chest X-Ray Findings 
Tamponade Nontamponade 
TABLE H Signs Enlarged cardiac silhouette E8% (17/25) 75% (24/32) 
as Right pleural effusion E2% (13/25) 28% (9/32). 
Tamponade Non-tamponade Water bottle 32% (8/25) 41% (13/32) 
à =e Left pleural effusion 32% (8/25) 25% (8/32) 
Temperature (C°) 37.2 £0.2 37 + 0.1 Infiltrate 16% (4/25) 3% (1/32) 
Pulse (beats/min) 104 + 5t 92+3 Normal 12% (3/25) 6% (2/32) 
Respiratory rae 242 It 2021 Fat pad sign B% (2/25) 12% (4/32) 
patatéston nase Greer) (cm H20) a re re : a : Congestive heart failure B% (2/25) 12% (4/32) 
» Systolic blood pressuredmm Hg) 124 +3 130 +5 Metastases Seaga 16% (5/32) 
Diastolic blood pressure (mm Hg) 7544 80 +3 
Rales 56% (14/25) 34% (11/32) 
Edema 52% (13/25) 38% (12/32) 
‘Friction rub 40% (10/25)t 12% (4/32) TABLE V Etiologies 
X Soft:S1/S2 28% (7/25) 12% (4732) an 
| Hepatomegaly 24% (6/25) 12% (4/32) ees ee 
{> Kussmautl's 16% (4/25) 19% (6/32) Malignancy 24% (6/25) 22% (7/32) 
<p Ascites 16% (4/25) 12% (4/32) Collagen/vascular 24% (6/25)* 3% (1/32) 
|. Ewart’s 12% (3/25) 19% (6/32) Uremia 16% (4/25) 9% (3/32) 
“| Murmur 8% (2/25) 25% (8/32) Viral 8% (2/25) 19% (6/32) 
““SMean E SEM Idiopathic 8% (2/25) 6% (2/32) 
“tp <0.05; tp <0.001. Radiation 4% (1/25) 22% (7/32) 
Tuberculous 4% (1/25) 6% (2/32) 
Other 12% (3/25) 16% (5/32) 


cose, protein, lactate dehydrogenase, white blood count 
and differential, red blood count, pH, triglycerides, cho- 
lesterol, cytology, and cultures for anaerobic and aero- 
bic bacteria, viruses, mycoplasmas, fungi, chlamydia 
-and mycobacteria. Pericardial tissue was studied patho- 
logically and cultured identically to fluid. Patients were 
followed in the clinic with serial echocardiograms at 1, 
3, 6 and 12 months. 
Statistical analysis: Percentages were compared by 
Fisher’s exact test. Quantitative data were compared by 
unpaired 2-tailed Student’s ¢ test. A value of p <0.05 
“was considered statistically significant. Numerical re- 
sults are given as mean + standard error of the mean. 


RESULTS 
< Twenty-five of the 57 patients who underwent peri- 
cardial biopsy were found to be in cardiac tamponade. 
These patients were compared with the 32 without tam- 
ponade who also underwent subxyphoid pericardiotomy. 
Presenting symptoms are listed in Table I. No signifi- 
cant differences between groups were found. On initial 
examination, pulse, respiratory rate and presence of a 
friction rub were statistically higher in the tamponade 
group (Table ID). 
_Electrocardiographic analysis revealed sinus tachy- 
cardia and low. voltage as the most frequent findings in 


4076 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 69 





















































*p <0.01. 





both groups (Table HT). All electrocardiographic signs 
were similar between patients with and without tampon- 
ade. The most frequent radiographic findings (Table 
IV) included an enlarged cardiac silhouette, water-bot- 
tle heart and pleural effusions. Right pleural effusion 
was more frequent in the tamponade group (52 vs 28%). 
The fat pad sign was only seen in 6 patients. Echocar- 
diographic signs of right ventricular diastolic collapse 
and persistent vena caval phlethora on inspiration did 
not detect the presence of tamponade. 

Subxyphoid pericardiotomy was performed under lo- 
cal anesthesia in 81% of the patients without and in 68% 
with tamponade. Complications were confined to 2 pa- 
tients, and consisted of hypotension (tamponade pa- 
tient) and a postoperative fistula (non-tamponade pa- 
tient). Etiologies of effusions in both tamponade and 
non-tamponade patients are listed in Table V. Only 7% 
(4 of 57) of patients were diagnosed as having idiopath- 
ic pericarditis. 

Each patient was followed for 12 months. Effusions 
recurred in 3 patients with tamponade (12%), but only 
1 (4%) needed reoperation. Similarly, 4 patients (12%) 
not in tamponade had recurrent effusions, 3 (9%) of 
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- whom underwent reoperation. Mortalities were similar 
- for both groups (Table VI). 


There are several important findings of this study. 
_ First, almost 50% of patients with new, large pericardial 
_ effusions presented with cardiac tamponade. Electrocar- 

diography, radiographic studies and echocardiography 
_ offered little in differentiating patients with and without 
tamponade. Collagen vascular disease appeared to be a 
-more frequent cause of tamponade than previous studies 
< suggested, whereas radiation-induced tamponade con- 
tinued to be unusual. Careful evaluation resulted in few 


idiopathic etiologies. Finally, subxiphoid pericardiotomy ' 


appeared to be an effective diagnostic and therapeutic 
` procedure. 
>- Although pericardial disease is a common entity, 
pericardial tamponade is often considered an infrequent 
presenting feature. Previous studies reported tamponade 
frequencies of 17 to 35%.23 This series suggests that 
tamponade can be a frequent finding. These findings 
are similar to those of Colombo et alt who found a 44% 
"incidence. 

By definition, patients in this series with tamponade 
had increased systemic venous pressures and a pulsus 
paradox >10 mm Hg. However, the higher pulse rate, 
despite a normal blood pressure, is an important find- 
ing. As demonstrated in the canine model, mechanisms 
such as fluid retention with increased venous pressures, 
¿increased inotrophy and chronotrophy, and elevated 

-vascular resistance allow systemic blood pressure to re- 
s main stable. Ultimately, however, blood pressure de- 
creases and unconsciousness occurs.>~’ 

As reported by Spodick,® electrocardiographic 
changes in patients with tamponade are not specific. In- 
deed, the most frequent finding in our patients was si- 
nus tachycardia. Electrical alternans was infrequent in 
contrast to the 20 to 25% incidence found in previous 
studies.?!° However, patients in this study had large but 
not massive effusions. 

Radiographic findings were similar and hence non- 
specific for both patient groups. Likewise, echocardiog- 
raphy offered little help. Right ventricular diastolic col- 

lapse (12%), as well as the absence of inferior vena cava 

collapse (22%), had low sensitivity. This is in contrast to 
previous studies.!!-!6 However, measurement of mitral 
valve inflow velocity by Doppler echocardiography was 
not performed. This technique has now become routine. 
The reduction of mitral valve inflow appears to corre- 
late well with tamponade.!7-!8 

Malignancy and uremia have historically been the 
leading causes of tamponade.*~*!?-20 Their importance 
was reconfirmed in the present study. Collagen vascular 
disease has been an infrequent (0 to 8%) cause in most 
series.2-4!9 Twenty-four percent (6 of 25) of tamponade 
patients in this series had underlying collagen vascular 
disease. However, the etiologic spectrum of this series 
may be biased by our case composition. This could also 

explain why previous studies suggested that radiation- 
induced cardiac tamponade is a frequent occurrence in 
some medical centers.?!-22 However, this study supports 

















| TABLE VI Mortality | 
Tamponade Non-tamponade 
l Operative 0% (0/25) 0% (0/32) 
1 month 12% (3/25) 12% (4/32) 
2 months 20% (5/25) 16% (5/32) 
6 months 32% (8/25) 38% (12/32) 
12 months 36% (9/25) 44% (14/32) 





the findings of other series where radiation-induced 
tamponade had only a 3 to 4% incidence.?!9 

This report most importantly demonstrates that a 
well-designed, prospective study can determine the un- 
derlying etiology of most large pericardial effusions. 
This differs from previous retrospective series that re- 
ported an idiopathic rate between 14 and 25%,?4.!9-20 
The only other prospective study reported a 63% idio- 
pathic rate. 

Controversy exists regarding the choice between 
pericardiocentesis and surgery for the management of 
these patients.” Despite the potential advantages of di- 
rect visualization of the pericardium, manual explora- 
tion and disruption of adhesions, and the ability to ob- 
tain tissue to improve diagnostic yield, pericardiotomy 
has not been consistently used.? In this study, only 3 
patients (12%) with tamponade developed a recurrent 
effusion, with 1 (4%) needing reoperation. Complica- 
tions of surgery were low (with no mortality), and 17 of 
25 patients with tamponade had only local anesthesia. 

Several limitations of this study should be noted. 
First, patients with only large pericardial effusions were 
studied. When designing this study, the authors believed 
that subxiphoid pericardiotomy could be justified only 
in patients with large effusions. Second, our etiologic 
spectrum may have been biased. Finally, the omission of 
mitral valve Doppler flow studies did not allow us to 
prospectively evaluate its diagnostic sensitivity or speci- 
ficity. 
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 Wamings: Cordarone is intended for use only in patients 
| with the indicated life-threatening arrhythmias because its 
use is accompanied by substantial toxicity. 


Cordarone has evora potentially fatal byes nad 
important of wi pulmonary toxicity (hypersensitiv 
pneumonitis or interstitial/ alveolar pneumonitis) that has 
resulted in clinically manifest disease at rates as high as 
10 to 17% in some serios of patients with ventricular 

jas given doses around 400 mg/day, and as 
abnormal diffusion capacity without symptoms in a much 
higher percentage of patients. Pulmenary toxicity has been 
fatal about 10% of the time. Liver injury is common with 
Cordarone, but is usually mild and evidenced only by 
| abnormal liver enzymes. Overt liver disease can occur, 
however, and has been fatal in a few cases, Like other 
antiarrhythmics, Cordarone can exacerbate the arrhythmia, 
ep., by making the mia tess well tolerated or more 
diieu to reverse. This has occurred in 2-5% of patients in 
various series, and signiticant heart block or sinus 
bradycardia has-been seen in 2-5%. All of these events 
should be manageable in the proper clinical setting in most 
tases. Although the frequency ef such proarrhyihmic 
events does nol appear greater with Cordarone than with 
many other agents used in this population, the effects are | 
protonged when they occur. 


Even in patients at high risk of arrhythmic death, in whom 
the toxicity of Cordarone is an acceptable risk, Cordarone 














poses major management problems that could be lifa- 
— in a population at risk of sudden death, so that 
rl should be made to utilize alternative agents 


The Fiona of using Cordarone effectively and satel 
itself poses a significant risk to patients. Patients with the 
indicated.a ias must be hospitalized while the 
loading dose of Cordarone is given, and a response 
iy requires at isast one week, usually two or more. 
use abisi and elimination are variable, 
maintenance-dose selection is cifficuit, and it is not 


uencies of discontinuation due to adverse 
reactions. The time at which a previously controlled lite- 
‘threateni nh gi will recur after discontinuation or 
dose adjustment is unpredictabia, ranging from weeks to 
months. The patient is obviously at great risk during this 
time and need profoaged hospitalization. Attempts to 
substitute other antiarrhythmic agents when Cordarone 
must be stopped poll eeh di Re the gredai, but 
unpredictably, ng amiodarone body burden. 
similar lem misis when Cordarone is not effective; it 
still poses the risk of an interaction with whatever 
subsequent treatment is tried. 











PULMONARY TOXICITY: Cordarone may cause a syndrome of cough 
and progressive dyspnea with functional, radiographie. gallium-scan 
and pathological data consistent with pulmonary toxicity; frequency 
usually varies from 2-7%, but can be as bigh as 10-17%. Thus, at start 
of therapy, perform baseline chest x-ray and puimonary-tunction tests, 
including diffusion capacity. Repeat history, physical exam (PE), and 
chest x-ray every 3-6 months. 

Preexisting pulmonary disease coes not appear to increase risk of 
toxicity; however, prognosis is poorer if pulmonary toxicity develops. 


Cordarone-induced pulmonary toxicity seems tc result from indirect 
(hypersensitivity. pneumonitis) or direct (interstifial/alveolar 
pneumonitis) toxicity. 

Hypersensitivity pneumonitis usually appears early in therapy: 
fechallenge results in a more rapid and severe recurrence. 
Bronchoalveolar lavage is procedure of choice to confirm diagnosis, 
made when a T suppressor/cytotaxic (C8 - positive} lymphocytosis 
noted. Treat with steroids and stop Cordarone. 

interstitialalveciar pneumonitis, characterized by diffuse alveolar 
damage, interstitial pneumonitis ar fibrosis in lung biopsies. 
Phospholipidosis (foamy cells, fcamy macrophages) is present in most 
cases of Cordarone-induced pulmonary toxicity: however, this also 
occurs in approximately 50% of all Cordarone patients. Use these cells 
as therapy markers, not evidenco! toxicity. If interstitial/alveoiar 
preumonitis is diagnosed, reduce dose or preferably, withdraw 
Cordarone, especially if other acceptable antiarrhythmics are available. 
Where these measures were instituted, symptoms usually decreased in 
the first week; most clinical improvement was in first 2-3 weeks. Chest 
X-ray- changes usually resolve in 2-4 monilis. Same experts feel 
steroids may behelpful. Prednisone (40-62 mg/day) or equivalent 
doses of other steroids have beervtsed ani tapered over several weeks. 
At times rechallenge at a lower dose will nat resuit'in return of toxicity, 
Reports suggest lower loading and maintenance doses are associated 
with a lower incidence of pulmonary toxicity. 


in Cordarone patients, any new respiratory symptoms suggest a 
possibility of pulmonary toxicity; æpeat ang evaluate history, PE, chest 





X-ray, and pulmonary-functiontests (with diffusion:capacity): A 15% 
decrease in diffesion capacity fas a high sensitivity bul only a 
moderate specihcily for pulmonary toxicity: as decreases in diftusion 
capacity approach 30%, sensitivity decreases but specificity increases, 
A diagnostic galium scan may alse be performed 

Fatalities from pulmonary toxicity occur in about 10% of cases. 
However, when life-threateningearrhythmias exist, stop 

Cordarone (amiodarone HC!) cautiously if drug-induced pulmonary 
toxicity is suspected. As the mest common cause of death in these 
patients is sudden cardiac deat’, first rule out other causes of 
fespitalory impairment. Broncheatveolar lavage or lung biopsy may be 
necessary to confirm the diagnesis, especially when there is a0 
acceptable allemative therapy 

if hypersensitivity pneumonitis s diagnosed, stop Cordarone and treat 
with steroids.  Cordarone-induced interstitial/alveolar pneumonitis is 
diagnosed, start steroids and, peeferably, stop Cordarone or, minimally, 
reduce the dase. Some cases may resolve atter dose reduction and 
steroid use. Sometimes, rechailenge at lower doses did not result in 
return of interstitial/alveolar pneumonitis: however, pulmonary lesions 
ate irreversible in some. 


WORSENED ARRHYTHMIA: Cordarone may cause serious 
exacerbation of a presenting arreythmia, possibly enhanced by 
concomitant antiarrhythmic therapy. Exacerbation (about 2-5% in most 
series}, includes new ventricular fibrilation, incessant ventricular 
tachycardia, increased resistance to cardioversion, and Torsade de 
Pointes. Cordarone has caused symptomatic bradycardia or sinus 
arrest with suppression of escape foc: in 2-4% of patients. 


LIVER INJURY: Increased hepatic enzymes, mostly asymptomatic, are 
seen frequently. Consider discontinuation or dose reduction if crease 
exceeds 3 times normal, or doubies in patient with elevated baseline 
Rarely, hepatic failure has been tata! 
PREGNANCY — PREGNANCY CATEGORY D Cordarone ts embryotomic 
(increased fetal resorption ané growth n 
the maximum secommended orai manten, 
seen in one mice strain at about 1/2 the may 
maintenance dose or higher, but not it 4 seci 
doses up to 9 times the maximunt recommended maintenance dose 
Neonatal hypo- or hyperthyraidisim: in utero exposure can cause 
fetal harm. There are some reports of congenital goter hypothyroidism 
and hyperthyroidism. if used anytime during pregnancy apprise patient 
of potentia: fetal hazard. In general, use during pregnancy only if 
potential benefit to the mother justifies unknown tetal risk 
Precautions 

CORNEAL MICRODEPOSITS. IMPAIRMENT OF VISION: Corneal 
micradeposits appear in a majariiy of adults on Cordarone. Usually 
discernible only by slit-lamp, up ‘0 10% of patients have symptoms 
like visual halos or blurred vistor. Microdeposits are reversible if dose 
reduced or treatment stopped: if asymptomatic, no need to reduce dose 
or stop drug. 

PHOTOSENSITIVITY, Seen in about 10% of patients: suri-barrier 
Creams or protective clothing may.atford some protection. On long- 
term therapy, may have a blue-gray skin discoloration of exposed skin. 
Fair compiexion or excess sun exposure may increase risk; also may 
be related to cumulative dase andtherapy duration 


THYROID ABNORMALITIES: Cordarone inhibits conversion ot 
thyroxine (T4) to triiodothyronine Ta) and may cause increased 
thyroxine, decreased Ta, and increased levels of inactive reverse Ta 
frt) in clinically euthyroid patients. Due to its release of inorgani¢ 
‘odine, of perhaps other reasons, Sordarone can cause either hypo- or 
hyperthyroidism, Monitor thyroid unction betore treatment and 
periodically thereafter. particularlyin the elderly and thase with history 
of thyroid nodules, goiter, or otherthyroid dysfunction Que to slow 
elimination of Cordarone and its metabolites, high plasma iodide 
levels, altered thyroid function, ane abnormal thyroid-function tests 
may persist for weeks or months alter withdrawal 


Hypothyroidism occurred in 2-44! patients in most senes, but in 8- 
10% in some. To treat, reduce Cordarone dose and/or give thyroid 
hormone supplement. Individuaiize therapy; may need to stop 
Cordarone 


Hyperthyroidism occurs in about 2% of patients; incidence may be 
higher with prior inadequate dietary iodine intake. Cordarone-induced 
hyperthyroidism is usually a greater hazard than hypoth roidism due to 
possible arrhythmia breakthrough or aggravation. IF ANY NEW SIGNS 
OF ARRHYTHMIA APPEAR, THE POSSIBILITY OF HYPERTHYROIDISM 
SHOULD BE CONSIDERED. Flat TSH response to TRH is confirmatory. 
Since arrhythmia breakthroughs may accompany Cordarone-induced 
hyperthyroidism, aggressive medical treatment is indicated, including, 
it possible, dose reduction or Cordarone withdrawal. Antithyroid drugs. 
B-biockers and/or temporary sternid therapy may be needed. (See full 
Prescribing information for additional information regarding treatment) 
SURGERY: Hypotension Posthypass. Rarely, hypotension is seen on 
cessation of cardiopulmonary bypass duting open-heart surgery in 
Cordarone patients: relationship to Cordarone is unknown 

Adult Respiratory Distress Syndrome (ARDS): Rarely, ARDS 
occurs in Cordarone patients alter surgery. Patients usually respond to 
vigorous respiratory therapy; rarely the outcome is fatal The 
mechanism may be generation of superoxide radicals during 
oxygenation: therefore, keep operative FiO, as close to room air as 
possible. 

LABORATORY TESTS. Elevated live: enzymes (SGOT and SGPT) can 
occur; monitor closely if high maintenance doses used. Consider dose 
teduction or stopping therapy i sign ficant elevations persist or 
hepatomegaly occurs 

Thytoid-function tests (increased T sand reverse T4, and decreased T4) 
may be altered: despite these changes, mast patients remain clinically 
euthyroid. 

DRUG INTERACTIONS: Few drug-drag interactions have been explored 
formally but most have shown an interaction. Thus, anticipate other 
interactions, especially drugs with putentially serious toxicity, like other 
antarrhythmics. With its long, variatie half-life, a potential for 
interaction also exists with drugs given after stopping Cordarone 
Digitalis: Serum digaxin increases (by up to 70%) and may reach 
toxic levels, onset is about 1 day, Or Initiation of Cordarone 
review need for digitalis and reduce its dose by about 80% 
or stop it. |f digitalis continued, monitor serum levels closely and 
observe for toxicity. Precautions pratiably also apply to digitoxia 
Anticoagulants: Potentiation of warfarin-type anticoagulant response 
is almost always seen and can resultan serious or fatal bleeding. 
Prethrembin time. bbs nease by 160%; onset is 3 to 4 s 
Reduce anticoagulant dose by 13 to 1/2, and mon 
prothrombin times closely. 


Antiarrhythmic Agents: Although they have been used concurrently 
with Cordarone, steady-state levels oquiniding, procainamide, and 
phenytoin may increase during such sombined therapy. Quinidine 




















Serum concentrations may increase by 33% within? days” = 
Procainamide serum concentrations may increase by 55% (n-acelyt 
procainamide by 33%) in < 7 days. in general, reserve such 
combinations for patiens with life-threatening ventricular arrhythmias 
incompletely responsive fo a single agent, or incompletely responsive 
to Cordarone {amiodarone HC!) and. start any added antiarrhythmic at a 
lower than usual dose with caraful monitoring. During transter to 
Cordarone, reduce dosed! previous agents 339-50% several days after 
adding Cordarone, wher: arrhythmia suppression should be starting, 
After Cordarone effects are established, discontinue other 
antiarshythmics if possible, if treatment is maintained, continue 
monitoring caretully for adverse effects, especially conduction 
disturbances arid exacerdation of tachyarrhythmias, in Cordarone 
patients requiring additienal antiarrhythmic therapy, initial dose of such 
agents should be approximately 1/2 of the usual dose. 


Use Cordarone cautiously with B-bleckers or calcium antagonists as 
bradycardia, sinus arrest. and AV block may be potentiated: if 
necessary, Cordarone can continue after pacemaker insertion in 
patients wit severe bradycardia or sinus arrest. 


ELECTROLYTE DISTURBANCES: May be ineffective or arrhythmogenic 
# hypokalemia is present: correct any potassium or magnesium 
deficiency betore starting. drug 
CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: 
Fertility reduced in male and female rats:at 8 x the highest 
recommended human maintenance dose, Cordarone caused a 
Statistically significant, dase-related increase in thyroid tumors in rats, 
acidence greater than control even at lowest dose tested, i.e., about 1/2 
‘he highest recommended humen maintenance dose. Mutagenicity 
studies were negative, 
PREGNANCY. PREGNANCY CATEGORY D -- See Warnings. 


LABOR AND DELIVERY: Gccurrence of adverse effects during labor or 
delivery is unknown. Preclinical studies in rodents have shown no 
effect on gestation duration or parturition. 

KURSING MOTHERS. Cocdarone is excreted in human milk; breast- 
feeding may expose nursing Infents to a significant drug dose. Nursing 
offspring of lactating rats given Cordarone were less viable and had 
reduced body-weight gains. Advise mothers to discontinue nursing 
before taking 

PEDIATRIC USE: Safety and effectiveness have not been established 


Adverse Reactions: Adverse effects are very common (about 3/4 of 
a patients) with doses of 400 mg/day or more, and cause 7-18% to 
discontinue. The most serous are pulmonary toxicity, arrhythmia 
exacerbation, and tare sermus liver injury (see Warnings’), but other 
adverse effects constitute important problems. They are often reversible 
by reducing dose and virtually always eversibie by stopping 
Cordarone. Most adverse effects appear more frequent with continued 
treatment beyond 6 months; rates appear relatively constant beyond 
one year, Neurologic probiems, including. malaise and fatigue, tremor 
and involuntary movements, poor coordination and gait, and peripheral 
neuropathy are common (20-40% of patients); these may respond to 
dose reduction, rarely need to stop therapy. 

Gastrointestinal {GI} compiaints, commonly seen with high doses 

(i e. loading dose), usually respond to dose reduction or divided 
doses, rarely need to stop drug. 


Asymptomatic corneal microdepesits, See Precautions and tull 
prescribing information. 


Photosensitivity. See Precautions and full prescribing information. 


Cardiovascular adverse reactions, other than arrhythmia exacerbation, 
include the uncommon occurrence of congestive heart failure (3%) and 
bradycardia. Bradycardia usually responds to dose reduction but may 
require a pacemaker, CHF rarely requires stopping drug. Cardiac 
conduction abnormalities occur irtrequantly and are reversible upon 
stopping drug. 

The following side-effect rates are based on a retrospective study of 
247 patients treated for 2 to:1,515 days {mean 441.3 days}. 

Each reported in 10-33% of patients: Gi-Nausea and vomiting. 
Each reported in 4-9% of patients: Dermatalogic~Solar 
dermatitis/photosensitivity; Neuroiagic—Malaise and fatigue, 
vemor/abnarmal involuntary movements, lack of coordination, 
abnormal gait/ataxia, dizziness, paresthesias; Gl~Constipation, 
anerexia; Ophthalmologic-Wisual disturbances; Hepatic-Abnormal 
liver-function tests; Respiratory~Pulmonary inflammation or tibrasis. 


Each reported in 1-3% of patients: Thyroid—Hypo- or 
hyperthyroidism: Neurologie-Decreased libido, insomnia, headache, 
sleep disturbances, Cardiovascular~CHF, cardiac arrhythmias, SA 
node dysfunction; Gl-Abdorinal pain; Hepatic~Nonspecific hepatic 
disorders: Other--Flushing, abnormal taste and smell, edema, abnormal 
Salivation, Coagulation abnormalities. 


Each reported in < 1% of patients: Blue skin discoloration, rash, 
spontaneous ecchymosis, alopecia, hypotension, and cardiac 
conduction abnormalities. Rarely hepatitis. cholestatic hepatitis, 
cirrhosis, optic neuritis, epididymitis, vasculitis, pseudotumor cerebri, 
and thrombocytopenia. 

Adverse reactions most frequently requiring Cordarone discontinuation 
include pulmonary infiltrates.or fibrosis, paroxysmal ventricular 
tachycardia, CHF, and elevated liver enzymes. Symptoms causing 
discontinuation less often include visual disturbances, solar dermatitis, 
blue skin discoloration, hyper- or hypothyroidism 

Overdosage: The few repor's of Cordarone overdose, in which 3 to 8 
grams were laken, resulted inno deaths cr permanent sequelae. Animal 
studies indicate that Cordarone has a high oral LDgq (>3,000 mg/kg). 
Alorg with generat supportive measures, monitor patient's cardiac 
fhythm and blood pressure; i bradycardia ensues, may use a 
B-adtenergic agonist or pacemaker. Use positive inotropic and/or 
vascpressor agents to treat hypotension with inadequate tissue 
perfusion. Neither Cordarone nor its metabotte is dialyzable. 


Dosage and Administratien: See full prescribing information. 
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Comparison of Single and Biplane 
_ Ventriculography for Determination of Left 
Ventricular Volume and Ejection Fraction 


Walter C. Brogan, Ill, MD, PhD, D. Brent Glamann, MD, Richard A. Lange, MD, 
and L. David Hillis, MD 


This study was done to compare single and bi- 
“plane left ventriculography in quantitating left 
“ventricular (LV) volumes and ejection fraction. LV 
‘volumes and ejection fraction were measured 
froma 30° right anterior oblique single plane ven- 

triculogram and a 30° right anterior oblique 60° 
left anterior oblique biplane ventriculogram in 152 
“men (aged 59 + 9 [mean + standard deviation] 
years), of whom 102 had hypokinesia, akinesia, or 
‘dyskinesia. There was excellent agreement be- 
tween the results of single and biplane ventric- 

ulography with respect to LV end-diastolic volume 
(r= 0.96), end-systolic volume (r = 0.98) and ejec- 
tion fraction (r = 0.97). The end-diastolic and end- 
systolic volumes measured by biplane ventriculog- 
raphy were consistently slightly larger than those 
measured by single plane, whereas ejection frac- 
tions measured by the 2 techniques were remark- 
-ably similar, even for the 46 patients with biplane 
ejection fractions <0.50 and the 102 with hypoki- 
_nesia, akinesia or dyskinesia. Thus, LV volumes 
and ejection fractions determined by single plane 
-ventriculography correlate very well with those 
‘determined by biplane ventriculography, even in 
patients with hypokinesia, akinesia, or dyskinesia 
and depressed LV systolic performance. Biplane 
ventriculography appears to provide little informa- 
tion that cannot be obtained reliably from single 
plane. 
(Am J Cardiol 1992;69:1079-1082) 
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formed in 1 or 2 planes, depending on the char- 

acteristics of the cineangiographic equipment. 
Single plane ventriculography is typically performed in 
a 30° right anterior oblique projection; it allows an as- 
sessment of (1) the presence and magnitude of asynergy 
of the anterior, apical and inferior segments; (2) the 
presence and severity of mitral regurgitation; and (3) 
left ventricular (LV) volumes and ejection fraction us- 
ing the area-length method of Dodge et al! Biplane 
ventriculography is usually performed in 30° right ante- 
rior oblique and 60° left anterior oblique projections. In 
addition to the information provided by single plane 
ventriculography, biplane ventriculography allows an 
assessment of the septal, posterior and inferoapical LV 
segments. Compared with biplane, single plane cinean- 
giographic equipment is less costly to purchase and 
maintain, easier to operate, and associated with less ra- 
diation exposure to the patient and attendant personnel. 
However, single plane ventriculography does not allow 
as complete an evaluation of LV regional wall motion. 
As a result, previous studies?’ have emphasized the im- 
portance of performing ventriculography in 2 planes to 
assess LV performance accurately, especially in patients 
with regional wall motion abnormalities. Although it is 
assumed that LV volumes and ejection fraction are 
measured more accurately with biplane than with single 
plane ventriculography, no previously published report 
has compared these measurements in a large heteroge- 
neous group of patients, with and without segmental 
wall motion abnormalities. The present study was per- 
formed for this purpose. 


(Cine er: left ventriculography may beper- 


METHODS 

The cineangiograms of 152 men (aged 59 + 9 years 
[mean + standard deviation], range 32 to 80 years) un- 
dergoing catheterization for the evaluation of chest pain 
were analyzed. In each patient, biplane left ventriculog- 
raphy was performed in 30° right anterior oblique and 
60° left anterior oblique projections. From the right an- 
terior oblique projection, anterior, apical and inferior 
segmental wall motion was assessed, and from the left 
anterior oblique projection, septal, posterior and infer- 
oapical segmental wall motion was evaluated. For each 
segment, wall motion was graded as hyperkinetic, nor- 
mal, hypokinetic, akinetic or dyskinetic. End-diastolic 
and end-systolic LV silhouettes were traced and digitiz- 
ed via computer (Biomed Data Systems, Arlington, 
Texas); long axes and areas were determined, and quan- 
titative regional wall motion analysis was performed us- 
ing 12 radial segments. For each projection, a correction 
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factor was sce using the angiographic i image sol a 
radioopaque sphere of known diameter. LV volumes 
were calculated using the area-length method of Dodge 
et al’ and corrected using the regression equations of 
Kennedy et alé for single plane and Wynne et a!’ for 
biplane volumes. Based on quantitative computer analy- 
sis, segmental wall motion was graded as normal (re- 
gional ejection fraction >0.40 and <0.80), hyperkinetic 
(regional ejection fraction >0.80), or hypokinetic, aki- 
‘netic or dyskinetic (regional ejection fraction <0.40). 
Diffuse hypokinesia was said to be present if all seg- 
ments in the projection were affected. 

All data are reported as mean + 1 standard devi- 
ation. For each variable (end-diastolic volume, end-sys- 
tolic volume and ejection fraction), the results of the 
single and biplane calculations were compared with a 2- 
variable linear regression analysis. For all analyses, a p 
value <0.05 was considered significant. 





| TABLE I Clinical and Arteriographic Variables for the 152 
Patients 





Hypokinesia, Akinesia, Dyskinesia 




















Total Absent Present 
| {n = 152) (n = 50) (n = 102} 
No myocardial infarction 69 38 31 
- by history or ECS 
Myocardial infarction by 83 12 71 
history or ECG 
Extent of coronary artery 
Lo disease 
ope None 24 15 9 
“1 vessel 36 ll 25 
POO? vessel 38 11 27 
| 8 vessel 39 5 34 
| Left main 15 8 7 





ECG = electrocardiogram, 
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FIGURE L A corapacioan ot ipl verdik bad-dlestelc vel 
ume index (EDV), ia ml/m?, measured from single plane (ver: 
lical axis) and biplane (horirointal a: veniriculograms. Each 


-1080 | THE AMERIGAN JOURNAL OF CARDIOLOGY VOLUME 69 





RESULTS ae — 
Of the 152 patients, 83 155%) had previous an : 
cardial infarction by history or electrocardiography 

(76 Q wave, 7 non-Q wave) (Table I). By selective coro- 

nary arteriography, 24 had chest pain without signifi- 
cant atherosclerotic coronary artery disease (defined as 
270% luminal diameter narrowing of a major epicardi- 
al coronary artery), whereas the other 128 had coronary 
artery disease of varying severity (Table I). Of the 152 
subjects, 102 had at least 1 segment that was hypokinet- 
ic, akinetic or dyskinetic: In 85 subjects, they were ob- 
served in both the right and left anterior oblique projec- 
tions; in 10 patients, only in the right anterior oblique 
projection; and in 7 subjects, only in the left anterior 
oblique projection. Among the 102 patients with hypo- 
kinesia, akinesia or dyskinesia, a total of 210 segments 
were hypokinetic, 124 were akinetic and 3 were dyskin- — 
etic. Forty-four subjects had hyperkinetic segments, 13 
of which were adjacent to segments that were hypoki- 
netic, akinetic or dyskinetic, 

There was a close correlation between LV end-dia- 
stolic volumes (Figure 1), end-systolic volumes (Figure 
2), and ejection fractions (Figure 3) measured by single 
and biplane ventriculography, with r values of 0.96, 0.98 
and 0.97, respectively. LV end-diastolic and end-systolic 
volumes measured by biplane ventriculography were 
consistently slightly larger than those measured by sin- 
gle plane (Figures 1 and 2). Ejection fractions measured 
by single and biplane were remarkably similar (Figure 
3). Even for the 46 patients with biplane ejection frac- 
tions <0.50, the agreement between single and biplane 
ventriculography was excellent (Figure 3). 

An excellent correlation between single and biplane 
LV end-diastolic volumes (Figure 4A), end-systolic vol- 
umes (Figure 4B) and ejection fractions (Figure 4C) 
was observed in subjects with (1) normal segmental 
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all motion an = 1): 2) hyperkinetic segments oe = 

ypokinetic, akinetic or dyskinetic segments 
and (4) diffuse hypokinesia (n = 22) by quan- 
wall motion analysis. The regression equations 
ring single and biplane ventriculography for each 
ese 4 groups are displayed in Table II. 












 area-length method of measuring LV volumes 
from cineangiographic images assumes that the left ven- 
- tricle is the shape of a prolate ellipse. With biplane ven- 
- triculography, the major and both minor axes of the 
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ellipse are measured directly from orthogonal images. 
If the left ventricle is not distorted in shape, the short 
axes from both images are similar, so. that volumes can 
be calculated accurately from a single plane image.® 
However, if segmental wall motion abnormalities are 
present, LV volumes measured from a single plane ven- 
triculogram may be unreliable. Several studies? have 
suggested that single plane LV volumes are potentially 
inaccurate in patients with segmental asynergy, but no 
report has compared single and biplane volumes and 
ejection fractions in a large number of patients, many 
with regional wall motion abnormalities. 

Kennedy et alé noted that biplane cineangiographic 
LV volumes were similar to those obtained with single 
plane cineangiography performed in the right anterior 
oblique projection and corrected with a regression for- 
mula. However, their study has limitations. First, bi- 
plane cineangiography was performed in the anteropos- 
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TABLE li Comparison of Single and Biplane Ventriculograms in Patients With and Without Regional Wall Motion Abnormalities 









































No, of 
Patient Group Pts, Regression Equation r Value SEE 
Left Ventricular End-Diastolic Volume 
Normokinesia 19 Y = 0.87 X + 5.8 0.88 71 
Hyperkinesia 45 Y = 0.87X + 2.9 0.95 4.7 
Hypokinasia, akinesia or 80 Y¥=0.93X~- 0.9 0.95 6.7 
dyskinesia 
Diffuse hypokinesia 22 Y = 0.93 X — 0.6 0.93 12.6 
Left Ventricular End-Systolic Volume 
_ Normokinesia 19 Y=0.90X -0.1 0.88 3.7 
Hyperkinesia 45 Y = 0.90X -— 1.4 0.96 2.1 
Hypokinesia, akinesia or 80 Y = 0.92 X + 6.3 0.93 4.2 
dyskinesia 
| Diffuse hypokinesia 22 Y = 0.83X + 8.1 0.94 8.6 
Left Ventricular Ejection Fraction 
Normokinesia 19 Y= 1,02X + 0,01 0.87 0.03 
Hyperkinesia 45 Y = 0.97 X + 0.05 0.91 0.04 
Hypokinesia, akinesia or 80 Y = 0.89X — 0.04 0.96 0.04 
dyskinesia 
Diffuse hyookinesia 22 Y = 0.83 X + 0.04 0.87 0.03 
| SEE = standard error of estimate; X = biplane; Y = single plane. 











terior and lateral projections and was filmed at only 6 to 
12 frames per second. Currently, most laboratories per- 
form biplane ventriculography in 30° right and 60° left 
anterior oblique projections, and images are recorded at 
30 or 60 frames per second. Second, their data were 
obtained in only 15 patients, only 2 of whom had de- 
- pressed LV ejection fractions and none of whom had 
segmental asynergy. The present study compares LV 
“volumes measured from biplane (30° right and 60° left 
anterior oblique) and single plane (30° right anterior 
oblique) projections in 152 patients with and without 
depressed LV ejection fractions and segmental wall mo- 
» tion. abnormalities. 

_ Our data demonstrate an excellent correlation be- 
tween the single and biplane measurements of LV vel- 
umes and ejection fractions. The results of single and 
biplane quantitation of LV end-diastolic and end-systal- 
ic volumes correlated extremely well (r = 0.96 and 0.98, 

: respectively), even in patients with segmental asynergy 
(Figures 1, 2 and 4). Similarly, the results of single and 
biplane quantitation of LV ejection fraction correlated 

: very well (r = 0.97), even in patients with ejection frac- 
tions <0.50 (Figure 3) and in those with regional or 
diffuse wall motion abnormalities (Figure 4C). Thus, 
when used. to measure LV volumes and ejection frac- 
tion, biplane ventriculography provides little informa- 
tion that cannot be obtained from single plane. 

-In this study, LV volumes and ejection fractions ob- 
tained from single and biplane left ventriculograms 
were similar to one another. The volumes obtained from 
‘biplane ventriculography were slightly larger than those 
obtained using single plane. However, since LV volumes 
were not quantitated by an independent method, we are 
not certain which technique — single or biplane — pro- 
vided a more accurate measure of LV volumes. In a 
‘previous study from our laboratory,? LV volumes and 


ejection fraction obtained by single plane ventriculog- 


raphy were in close agreement with those determined by 
radionuclide ventriculography and thermodilution in pa- 
tients without segmental asynergy. In contrast, in those 
with segmental wall motion abnormalities, the correla- 
tion between the results of angiographic and nonangio- 
graphic techniques was poor, presumably because the 
geometric assumptions on which the area-length meth- 
od is based were invalid.? Because LV volumes calculat- 
ed from single and biplane ventriculography are in close 
agreement in these patients, it is likely that biplane ven- 
triculography is no more accurate than single plane for 
assessing LV volumes in patients with segmental wall 
motion abnormalities. 
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Hypersensitivity te any component of this medication. 
Active liver disease or unexplained persistent elevations of serum transami- 
nases (see WARNINGS), 
Pregnancy and lactation. or ; 
‘Atherosclerosis is a chronic process, and the discontinuation of lipid-lower- 
ing drags during pregnancy should have “tle imaact on the outcome of long- 
term therapy of primary hyparchclesterolemia. Mareover, cholestera! and other 
lucts of the cholesterol biosynthesis pathway are essential components for 
etat development, including synthesis: of steroids and cell membranes. 
Because of the ability of inhibitors of HMG-CoA reductase such as MEVACOR 
to decrease the synthesis of chelestero! and pay ather products of the 
cholesterol biosynthesis pathway, MEVACOR may cause fetal harm when 
_ administered to a pregnant woman. Thesefore. lovastatin is contraindicated 
during pregnancy. Lovastatin should be administered to women of childbearing 
age. only when Such: patients are highly unlikely to conceive. if the patient 
: becomes pregnant while taking this drug: lovastatin should be discontinued, 
|” gad the patient should be apprised of the potential hazard to the fetus. 


WARNINGS: Liver Dysfunction: Marked persistent increases (to more than 3 
times the upper jimit of normal) in serumetransaminases occurred in 1.9% of 
adult patients who received lovastatin for at least 1 year in early clinical trials 
{see ADVERSE REACTIONS). When the drug was interrupted or 
discontinued in these patients, the transaminase levels usualy fel slowly to 
pretreatment levels, The increases usuallyappeared 3 to 12 months after the 
‘Start of therapy with lovastatin and were fat associated with jaundice or other 
clinical signs or symptoms. There was ne-evidence of hypersensitivity, In the 
EXCEL study (see CLINICAL PHARMACOLOGY, Clinical Studies in the full 
Preseribing information), the incidence af marked persistent increases in 
serum transaminases over 48 weeks was 0.1% for placebo, 0.1% at 20 
mg/day, 0.9% at 40 mg/day. and 1.5% at 20 mg/day in patients on lovastatin 
However, in post-marketing experience with MEVACOR, gymotcmatie liver dis- 
‘ease has Geen reported rarely at ai dosages 'see ADVERSE REACTIONS). 

it is recommended that liver tunction ests be performed suring therapy 
with fovaziatin. Serum transaminases, including ALT (SGPT), shouid be 
monitored balore treatment begins, every® weeks during the first 3 months, 
‘every 8 weeks during the remainder of the tist year, and periodically there- 
after (e.9., at approximately G-month intervals). Special attention should be 
paid to patients who develop elevated serum transaminase levels. and, in these 
patients, measurements should oe repeased promptly and then performed 
more trequently. If the transaminase levels show evidence of progression, par- 
Weutarly i they tise to 3 times the upper limit of normal and are persistent, the 
drug should be discontinued. Liver biopsy’should be considered if elevations 
aré persistent beyond the discontinuation of the drug. 

he drug should be used with caution ir oatients who consume substantial 
quantities of alcohol and/or have a past histery of tiver disease. Active liver dis- 
ease or unexplained transaminase elevations are contraindications to the use 
of lovastatin. 

As with other lipid-lowering agents, moderate (iess than 3 times the upper 
Hmit of normal) elevations of serum transaminases have beer: reported tollow- 
ing therapy with MEVACOR (see ADVERSE REACTIONS). These changes 

. appeared soon after initiation of therapy wit MEVACOR, were often transient, 
were not accompanied by any symptoms, and interruption of treatment was 
nor required. 


Skeletal Muscle; Rhabdomyotysis has heer associated with lovastatin ther- 
«apy alane, when combined witk immummuppressive therapy including 
vine in cardiac transplant pationts, and when combined in non- 

wad piam patients with either eran ar lipid-lowering doses (= toitay) 
<: ot nicotinic acid. Some of the patients had preexisting renal insuffi- 
fleney, usually as a consequence of long-standing diabetes. Acute renal 
: eee troch rhabdomyolysis has been sean more commonly with the lova; 
` gtatin-gemlibrozi! combination asd has aie bean reported in transplant 
; lovastatin a. 


receiving plus cyclosporine. 
Rhabdomyolysis with or withont renal impairment has been reported in 
+: ssetiously ill patients receiving erythramyca concomitantly with lovastatin, 
ooo The receiving concomitant kavastatia and erythromycin should 


a ot baea taun a bany m 3 asic offer imi 
therapy with pemtibrozi! and lovastatin, but m: seen 
Ss iin crac i p's eth Yond Bree 
anu nsa io @ alone, the possible 

of combined tharapy itr fovaststin ani gariibrozi do not out- 
tisks of severe myopathy, is, and acute renal tait- 
is intezaction occurs with fibrates other 
|, myopathy and shabdomyolysis have occasionally been 

ed with the use of other fibrates alone, including clofibrate. 
, the combined use of lovastatin with other fibrates should gener- 


jans contemplating combined therapy with lovastatin and lipid- 
ing doses of nicotinic acid or with immunosuppressive drugs should 






carefully weigh the potential benefits and risks and should carefully monitor 
patiente tor any signs and Symptoms of mancia pain, tenderness, or weak- 
‘nest, my doring thn iai monthsvel therapy and suring any peri- 
‘ods rd dosage titration of either drug. Periodic creatine phosphoki- 
nise ) determinations be considered in such situations. bul there 
v. is no assurance that such wiil grovent the occurrence of severe 
myopathy. The monitoring of lovastatin drag and metabolite levels may be 


““gongidersd in transplant patients who are toasted with immuncsuppress 
‘and tovastatin, 


Lovastatin: therapy should be temporarily withheld or discontinued in any 

patient with an . Serious condition of a myopathy or having 

i a niek factor to the devalopment of renal failure secondary to 

: rhabdomyolysis, including: severe acute infection, hypotension, major 

< surgery, trauma, severe , andocrine, and electrolyte disorders, and 
uncontrolied seizures. 


ia has been associated with lovastatin therapy. Transient, mildly ele- 
vated CPK levels are commonly seen in iavastatin-treated patients. However, in 
early cinica! trials, approximately 0.2% of patients developed a myopathy, ie., 
myaigia or muscle weakness associated with markedly elevated tevels. in 
the EXCEL study (see CLINICAL PHARMACOLOGY, Clinical Studies in the full 
Prescribing Information), 5 patients 0.1%) taxing tcvastatin alone (1 at 40 mg 
id.) developed iy (Muscle symptoms and CPK 
devels »10 times the upper imit of katna, pathy should be considered in 
any patient with diffuse myalgias, muscle tenderness or weakness, and/or 
marked elevation of CPK. Patients shouid besadvised to report promptly any 
unexplained muache pain, tenderness, or weakness, particularly if accornpanied 
by malaise or fever. Lovastatin therapy shouldihe discontinued it markedly ele- 
vated CPK levels ocur ar myopathy is diagnosed or suspected. 
`o Most of the patients who have developed myopathy (including rhabdamyo- 
dysis} while taking lovastatin were receiving concomitant therapy with immuno- 
suppressive drugs, pomni, or ëpid-towerng doses of nicotinic acid, In 
clinical trials, about 30% of patients on concomitant immunosuppressive ther- 
apy including cyclesporine devefaped myopathy: the corresponding percent- 
ages for gemfibrozil and niacin were approximately 5% and 2%, respectively. 
in 6 patients with cardiac transplants takieg immunosuppressive therapy 
including cyclosporine concomitantly with lovastatin 20 mg/day, the average 
plasma level of active metabolites cerived fiom lovastatin was elevated to 
approximately 4 times the expected levels, Because af an apparent relationship 
between increased plasma levels of active metabolites derived from lovastatin 
and myo , the daily dosage in patents {along iaranosuppreseants shouid 
not exceed 20 moiday {see E AND INISTRATION). Even at this 
dosage, the benefits and risks of using lovastatin in patients taking immuno- 
suppressants should be carefully considered. 


PRECAUTIONS: General: Before instituting therapy with MEVACOR, an attempt 
should be made to: control hyperchowesterolemna with appropriate diet, exer- 
cise, and weight reduction in obese patients: and te treat other undarlying 
medical eae jams (see INDICATIONS AND GSAGE in the full Preseribing 

formation}. 

Lovastatin elevate GPK and transaminwse levels (see WARNINGS and 
ADVERSE REACTIONS). This. should te considered in the differential diagnosis 
Of chest pain in a patient on therapy with lovastetin. 


: Homezygous Familial Hyperchotesterolemia-MEVACOR is less effective in 

tients with Ihe rare homozygous tamilai hypercholesterolemia, possibly 

Feeause these patients fava no functional LDU receptors. MEVACOR appears 

. tobe more likely to raise serum transaminasesitsee ADVERSE REACTIONS) in 
these honazygnus patients 


information for Patients: Patients should be eivised to report promptly any 











unexplained muscle pain, tendecness, or weakness, particularly 1! 
by malaise or fever, 


Drug interactions: Kimine lsd Drugs, Gemilbrozil, Niacin (Nicotinic 
Acid), Erythromycin: Gee WARKINGS, Skeletal Muscle. 

ourmaris Anticoagulants: is a small clinical tial in which lovastatin was 
administered to warlarin-treated patients, no effect on prothrombin time was 
detected. However, another HMG-CoA reductase inhibitor has been fund 
te produce a less than 2-secund increase in prothrombin time in neaithy 
volunteers receiving low doses of warfarin. Also, bleeding and/or increased 
prothrombin time have been reported in a tew patients taking coumarin antico- 
agulants concomitantly with levastatin. R is recommended that in patients 
taking anticcagulants, prothrombin time be determined betore starting ova- 
statin and frequently enough during early therapy to ensure that no significant 
alteration of prothrombin timesorcurs. Once a stable prothrombin time has 
been documented, prothromb:n imes can be monitored at the intervals usually 
recommended for patients os coumarin anticoagulants. If the dose ot iova- 
statin is changed, the same procedute should be repeated. Lovastatin therapy 
has not been associated with bieding or with changes in prothrombin time in 
patients not taking anticoagulants. 

Antipyrine: Because lovastaun had no effect on the pharmacokinetics ot 
antipyrine or its metabolites, Imeractions of other drugs metabolized via the 
same cytochrome isozymes are sot expected 

Propranolol: in normal volurteers, there was no clinically significant phar- 
macokinétic or pharmacodynamic intaraction with concomitant administration 
of single doses of lovastatin andoropranolol 

Digoxin: in patients with hyosrcholesteroiemia, concomitant administration 
of lovastatin and digoxin resultac.in ne effect on digoxin plasma concentrations. 

Other Concomitant Therapy: Although specific interaction studies were not 

ettormed, in clinical studies bevastatin was used concomitantly with deta 
lockers, calcium channel blockers, diuretics, and nonsteroidal anti-inflarnma- 
tory drugs (NSAIDs) without evidence of clinically significant adverse interactions. 


Endocrine Function: HMG-CoA reductase inhibitors intertere with cholasierol 
synthesis and as such might theoretically blunt adrenal and/or gonadal steroid 
production, Results af clinica! tnais with drugs in this class nave been incon- 
sistent with regard to drug effects on basal and reserve steroid ievels 
However, clinical studies have shown that lovastatin does not reduce basal 
plasma cortisol concentration o: impair adrenal reserve and does not recuce 
basal plasma testosterone comcentration Another HMG-CoA reductase 
inhibitor has been shown to reduse the plasma testosterone response tc KOG. 
in the sare Study, the mean testosterone response to HCG was slightly tut not 
significantly raduced after treatment with lovastatin 40 mg daily for 16 weeks 
in 21 men. The ettects of HMG-GoA reductase inhibitors on male fertility have 
not been studied in adequate numbers of male patients. The effects, if any on 
the pituitary-gonadat axis in pramenopausal women are unknown. Patients 
treated with lovastatin who deveiap chnical evidence of endocrine dystuncton 
should be evaiuated appropriately Caution should also be exercised if an HMG- 
CoA reductase inhibitor or other agent used to lower cholesterol levels is 
administered to patients also seceiving other drugs (e.g, ketoconazole 
spironolactone, cimetidine) tha: may decrease the levels or activity of endoge- 
nous steroid hormones 


CNS Toxicity: Lovastatin produced opte nerve degeneration (Wallerian degen- 
eration of retinogeniculate tiers) n clinically normal dogs in a dose-dependent 
fashion starting at 60 mg/kg/day. a dose that produced mean plasma drup iev- 
eis about 30 times higher than the mean drug level in humans taking the hi 
est recommended dose (as measured by total enzyme inhibitory actvity) 
Vestibulocochiear Watlerian-ttke degeneration and retinal ganglion celi chroma: 
tolysis were aiso seen in dogs treated for 14 weeks at 180 mg/kg/day. a dase 
that resutted in a mean plasma drug level (Cina) Similar to that seen with te 60 
mg/kg/day dose 

CNS vascular lesions, characterized by perivascular hemorrhage and 
edema, mononuclear cell intiltration of perivascular spaces, perivascular fibrin 
deposits, and necrosis of small wessels, were seen in dogs treated with iowa- 
Statin at a dose of 180 mg/kg/day. a dose that produced plasma drug levats 
(Congr) about 30 times higher than Me mean values in humans taking 80 mg/day, 

Similar optic nerve and CNS vascular lesions have been observed with other 
drugs of this class 


Carcinogenesis, Mutagenesis, impaitment of Fery. in a 24-month carcino: 
genie study in mice, there was avstatistically significant increase in the inci- 

nce of hepatocelular carcinomas and adenomas in both males and femaies 
at 500 mgrkg/day. This dose produced a total plasma drug exposure 3 te 4 
times that of humans given the highest recommended dose of lovastatin tdeug 
exposure was measured as tota: HMG-CoA reductase inhibitory activity in 
extracted plasma), Tumor increases were not seen at 20 and 100 mg/kgrday, 
doses that produced drug exposures of 0.3 to 2 times that of humans at the 50 
mg/day dose. A statistically significant increase in pulmonary adenomas was 
seen in temale mice at app oxir mel 4 times the human drug exposure 
(Although mice were given 300 times the human dose [HD] on an mg/kg gody 
weight basis, plasma levels of tuta! inhibitory activity were only 4 times higher 
in mice than in humans given 80 my of MEVACOR® [Lovastatin}.) 

There was an imcrease in incidence of papilloma in the nonglancular 
mucosa of the stomach of mice beginning at exposures of 1 to 2 times that of 
humans. The glandular mucosa was not affected. The human stomach son- 
tains only glandular mucosa. 

in a 24-month carcinogenicity, study in rats, there was a positive dosa- 
response relationship tor hepatocetiular carcinogenicity in males at drug expo- 
sures 2 to ? times that of human exposure at 80 mg/day (doses in rats were 4, 
30, and 180 me y). 

A chemically similar drug in this class was administered to mice for 72 
weeks at 25, 100. and 400 mg/kg ody weight, which resulted in mean serum 
drug tevels approximately 3, 15, andi33 times higher than the mean human serum 
drug concentration (as total inhibitory activity) after a 40-mg oral dose. Liver 
carcinomas were significantly increased in high-dose females and mid- ard 
high-dose males, with a maximum incidence of 90% in males. The incidence af 
adenomas of the ver was signiticantly increased in mid- and high-dose 
females. Drug treatment alse signiticantly increased the incidence of lung ade- 
nomas in mid- and high-dose males anc females. Adenomas of the Harderian 
gland (a gland of the eye of rodents) were significantly higher in high-dose 
mice than in controls 

No evidence of Mutagenicity was observed in a microbial mutagen test 
using mutant strains of Salmonedasyphimurium with or without rat or mouse 
liver metabolic activation. In addition, no evidence of damage to genetic mate- 
rial was noted in an in vitro alkane elution assay using rat or mouse hepate- 
cytes. a V-79 mammalian cell forward mutation study, an irt vitro chromosome 
aberration study in CHO cells, or an in vive chromosomal aberration assay it 
mouse bone marrow, 

Drug-related testicular atrophy, cecreased spermatogenesis. spermatocytis 
degeneration, and giant cell formation were seen in dags starting at 22 
mg/kg/day. Similar findings were seen with another drug in this class. No druge 
related etlects or fertility were found in studies with lovastatin in rats. However, 
in Studies with a similar drug in thiseclass, there was decreased fertility in mate 
rats treated for 34 weeks at 35 mg/kg body weight, although this effect was not 
observed in a subsequent fertility stady when this same dose was administersd 
for 11 weeks (the entire cycle of spermatogenesis, including epididymal matura 
tion). In rats treated with this same ssductase inhibitor at 180 molga , semb 
niterous tubule degeneration (necrosis and loss of spermatogenic epithelium: 
was observed. No microscopic charges were observed in the testes from rate 
of either study. The cinical signiticance of these findings is unclear, 


Pregnancy: Pregnancy Category X. See CONTRAINDICATIONS. 

safety in pregnant women has fot been established. Lovastatin has beer 
shown to produce skeletal malformations at plasma levels 40 times the humar 
exposure (for mouse fetus) and BO times the human exposure (for rat fetes! 
based on mg/m’ surface area (doses were 800 makgiday) No drug-inducec 
changes wera sean in either species at multiples of 8 times (rat) of 4 times 
{mouse} the human exposure based on surtace area. No evidence ot malter- 
mations was noted in rabbits at exposures up to 3 times the human exposure: 
{dose of 15 mg/kg/day. highest tolerated dose). MEVACOR should be admins- 
tered to women of childbearing potential only when such patients are highiy 
unlikely to conceive and have antormed of the potential hazards. If the 
woman becomes pregnant while taking MEVACOR, it shouid be discontinued, 
and the patient advised again as to the potential hazards to the fetus. 


Nursing Mothers: \t ig not known whether tovastatin is excreted in human miik. 
Because a small amount of anothersdrug in this class is excreted in human. 
breast milk and because of the porria Or serious adverse reactions in nurs- 
ing infants, women taking MEVACOR: shouid not nurse their infants (see CON- 
TRAINDICATIONS). 


Pediatric Use: Safety and effectivensss in children and adolescents have not 
been established. Because children and adolescents. are not likely to benetit 
from cholesterol lowering for at leas: a decade and because experience wih 
this drug is limited (no studies in subjects below the age of 20 years), treat- 
ment of children with ‘ovastatin is motrecommended al this time. 
























ADVERSE MEVACOR™ (Lovastatin) is generally well tolerated. 
adverse reactions usually have been mild and Yransient: Lass than T% of 
patients were discontinued front controlled clinical studies of up to: 14- weeks 
due to adverse experiences attributable 10 MEVACOR. About 3% of patients 
were discontinued from extensions of these studies due to adverse experi 
ances attributable to MEVACOR: about haf of these patients were discontinued 
due to increases in serum transaminases: The median duration of therapy in 
these extensions was 5.2 years. + i 

in the EXCEL study (see CLINICAL PHARMACOLOGY, Clinical Studies in the 
full Prese ning inférmation), 4.6% w the patients treated up to 48 weeks were 
discontinued due to clinical or laboratory adverse experiences that were rated 
by the investigator as bossibly. probably, or definitely related to therapy with 

EVACOR. The value for the placebo groug was 2.5%. 


Clinical Adverse Experiences: Adverse experiences reported in patients {%) 
treated with MEYACOR (n=813) in controlled clinical studies are: 
Gastrointestinal: censtipation, 4.9. diarrhea. 5.5. dyspepsia, 3.9: flatus. 6.4: 
abdominal pain/cramps, 5,7; heartburn, 1.6: nausea, 4.7; Musculoskeletal: 
muscle cramps, 1.7: myalgia, 2.4: Nervous System/Psychiatrie: dizziness, 2.0; 
headache, 9.3, Skin: rashépruritus. 5.2, Special Senses: biurred vision, 1.5: 
dysgeusia, 0.8. 


Laboratory Tests: Marked persistent increases of serum transaminases have 
been noted (see WARNINGS). i . 

About 11% ot patients had elevations of creatine phosphokinase (CPK) 
levels of at least twice the normai value or one or more occasions. The corre- 
sponding values for the control agents were cholestyramine, 9%, and probu- 
col, 2%. This was attributable to the noncardiac fraction of GPK. Large increases 
in CPK have sometimes been reported (see WARNINGS, Skeletal Muscle). 


Expanded Clinical Evaluation of Lovastatin (EXCEL) Study: Clinical Adverse 
Experiences. MEVACOR was compared to placebo in 8.245 patients with 
hypercholesterolemsa (total cholesterol 24C to 300 ngat [6.2-7.8 mmol/L) in 
the randomized, double-blind, parallel, 48-week EXCEL study. Clinical adverse 
experiences reported as possibly, probably, or definitely drug related in 21% of 
any treatment group are shown in the table below. For no event was the inci- 
dence on drug and placebo statistically different. 
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Bady as a Whole 
Asthenia 14 VW 14 15 12 
Gastrointestinal 
Abdominal pain 16 20 2.0 22 25 
Constipation 1g 2.0 32 3.2 35 
Diarrhea 23 26 24 22 26 
Dyspepsia 19 13 13 10 1.6 
Flatulence 42 a7 43 39 45 
Nausea 2.6 19 25 22 2.2 
Musculoskeletal 
Muscle cramps: 0.5 0.6 08 ti 10 
Myalgia T7 26 18 22 3.0 
Nervous System 
Psychiatric 
Dizziness 0.7 O7 12 08 05 
Headache 27 26 28 24 32 
Skin 
Rash 07 0.8 10 12 13 
Special Senses 
Blurred vision 08 L1 0.9 09 1,2 


Other clinical adverse experiences reported as possibly, probably, or defi- 
ritely drug related in 0.5 to 1% of patients in any drug-treated group are listed 
below. in all these cases, the incidence on drag and placebo was nat statistical- 
ly different. Body as a Whole: chest pain, Gastrointestinal: acid regurgitation, 
Gry mouth, vorniting: Musculoskefetal: leg pain. shoulder pain, arthralgia; 
Nervous System/Psychiatric: insomnia, paresthesia; Skin: alopecia, pruritus; 
Special Senses. eye irritation 


Concomitant Therapy: In controlled clinica: studies in which lovastatin was 
administered concomitantly with cholestyramine, no adverse reactions peculiar 
to this concomitant treatment were obsemwed. The adverse reactions that 
occurred were limited to those reportad previously with lovastatin 
of cholestyramine. Other lipid-lowering agents were not administered con- 
comiantly with lovastatin during controlled clinical studies, Preliminary data 
suggest that the addition of either probucel or gemfibrozil to therapy with 
lovastatin is not associated with greater reduction in LOL cholesterol than that 
achieved with lovastatin alone. in uncontrolled clinical studies, most of the 
patients who have developed myopathy were receiving concomitant therapy 
with immunosuppressive drugs. gemilbroz#. or niacin (nicotinic acid) (see 
WARNINGS, Skeletal Muscle. 


The following effects save bean reported with drugs in this class: 

Skeletal: myopathy. rhabdomyolysis, arthralgias. 

Neurological: dysiuaction of certain cranial nerves (including alteration of 
taste, impairment of extraocular movement. facial paresis), tremor, vertigo, 
memory loss, paresthasia, peripheral neuropathy, peripheral nerve patsy. anxi- 
ety. insomnia, depression. 

Hypersensitivity Reactions: an apparent hypersensitivity syndrome has been 
reported rarely that has included one or more of the following features: ana- 
phylaxis, angioedema, lupas erythematous-like syndrome, polymyalgia 
rheumatica, vasculitis, purpura, thrombocytopenia, leukopenia, hemolytic ane- 
mia, positive ANA, ESR increase, arthritis, artaraigia, urticaria, asthenia, photo- 
sensitivity, fever, chilis, flushing, malaise, dyspnea, toxic epidermal necrolysis, 
erythema multiforme, cluding Stevens-Johnson syndrome. 

Gastrointestinal: pancreatitis, hepatitis, including chronic active hepatitis, 
cholestatic jaundice. fatty change in liver, ane rarely, cirrhosis, fulminant hep- 
atic necrosis, and hepatoma: anorexia, vomiting. 

Skin: alopecia 

Reproductive: gynecomastia, loss of libido, erectite dysfunction. 

Eye: progression of cataracts (lens opacities), ophthalmoplegia. 


Laboratory Abnormalities: elevated transaminases, alkaline phosphatase. and 
bibrubin; thyroid tunctisn abnormalities 


OVERDOSAGE: Alter oral administration of MEVACOR to mice, the median 
lethal dose observed was >15 g/m?’ 

Five healthy human volunteers have received up to 200 mg ot lovastatin as 
a single dose without cinically significant adverse experiences. A tew cases of 
accidental overdosage “ave been reported: no-patients had any specific symp- 
tO ied all patients recovered without sequelae. The maximum dose taken 
was § to 6g 

‘Until further experience is obtained. no specific treatment of overdosage 
with MEVACOR can be recommended, 

The diafyzability of lovastatin and its metabolites in man is not known at present. 


DOSAGE AND ADMINISTRATION: The patient should be placed on a standard 
cholesterol-lowering diet before fecelaing MEYACOR and should continue on 
this diet during treatment with MEVACOR, MEVACGR should be given with meals. 
The recommended starting dase is 20 a8 once a day given with the evening 
meal. The recommended dosing range is 20 tc 80 mg/day in single or divided 
doses, the maximum recommended dose is BQung/day. Adjustments of dosage 
should be made at intervals of 4 weaks or more. Doses should be individual- 
ized acorns to the patient's response (see Tables | to IV under CLINICAL 
PHARMACOLOGY, Ciinial Studies in the full Prescribing Information for dose- 
response, results) 
patients taking immunosappressie drugs concomitantly with lovastatin 
sea WARNINGS, Skeletal Muscle}. therapy should begin with 10 mg of 
EVACOR and should not exceed 20 mg‘day, 
Cholesterol leveis should be monitored periodically, and consideration 
should be given to reducing the dosage of MEVACOR if cholesterol levels fall 
belcw the targeted range. 


Dosage in Patients with Renal dasufficiency: in patients with severe renal insut- 
ficiency (Creatinine clearance <30 mL/min}. dosage increases above 20 mg/day 
should be caretully considered and, if deemed necessary, implemented cau- 
tiously (see CLINICAL PHARMACOLOGY in the full Prescribing information and 
WARNINGS. Skeletal Muscle). 
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Merck Sharp & Dohme, Division ot Merck & Co., t., West Point, PA 19488. 
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_ BRIEF REPORTS 


_ Marked Benefit with Sustained-Release Niacin Therapy in Patients 
. with “Isolated” Very Low Levels of High-Density Lipoprotein 
Cholesterol and Coronary Artery Disease 


A a j Lavie, MD, Lois Mailander, MD, and Richard V. Milani, MD 


l : uring the past 2 decades, the cholesterol coronary 
- WP artery disease (CAD) hypothesis has become estab- 
lished with considerable attention being directed toward 
lipid intervention for primary and secondary coronary 
_ prevention.! Although the National Cholesterol Educa- 
tion Program has focused mostly on total cholesterol and 
low-density lipoprotein (LDL) cholesterol in their assess- 
ment and treatment recommendations,’ recent data from 
epidemiologic, lipid intervention, coronary angiographic 
studies, and studies of patients with known severe CAD, 
-suggest that a low level of high-density lipoprotein 
(HDL) cholesterol is perhaps the strongest lipid risk fac- 
: tor for CAD.>-* In fact, a high percentage of patients with 
-CAD have “isolated” low levels of HDL cholesterol.‘ 
- However, nonpharmacologic and drug treatment of pa- 
tients ‘with isolated low HDL cholesterol has been disap- 
pointing.*.’ Since niacin has beneficial effects on reducing 
“total cholesterol, LDL cholesterol and triglycerides, and 
also increases HDL cholesterol, it improves the lipid pro- 
file in most patients with dyslipidemias. However, the 
efficacy of niacin therapy in patients with very low levels 
of HDL cholesterol (¢.g., <30 mg/dl), and particularly 
for isolated low HDL cholesterol, is not established. 
_ Therefore, we assessed the efficacy of sustained-release 
niacin therapy in CAD patients with very low levels of 
“HDL cholesterol, including its effectiveness in a subgroup 
with isolated low HDL cholesterol compared with a sub- 
group with hypertriglyceridemia. 

We treated 36 consecutive men with known CAD 
(definite events, angiographic evidence of severe disease, 
or strongly positive noninvasive tests) and very low levels 
of HDL cholesterol (<35 mg/dl, and 82% had values 
<30 mg/dl) with sustained-release niacin (Slo-Niacin®) 
therapy. None of these patients had major contraindica- 
tions to niacin therapy, including severe peptic ulcer dis- 
ease, hepatic dysfunction, diabetes, gouty arthritis, or 
recent unstable coronary ischemia! A complete lipid 

profile, including fasting total cholesterol (cholesterol 
esterase/cholesterol oxidase method), triglycerides 
(non-free glycerol blanked method), HDL cholesterol 
(phosphotungstic acid precipitation method), and calcu- 
` lated LDL cholesterol (LDL cholesterol = total choles- 
terol ~ HDL cholesterol — triglycerides/5), as well as 
fasting blood glucose and aspartate transaminase values 
were obtained at baseline and after 3 months of niacin 
therapy; repeat aspartate transaminase values were usu- 
ally assessed after 6 weeks of therapy. Therapy with 
_ sustained-release niacin was begun at a dose of 500 mg 
‘twice daily with meals, was increased to 3 times daily 
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after 1 to 2 weeks, and then was increased, as tolerated, 
to 1,000 mg 3 times daily with meals after 4 to 6 weeks of 
treatment. The average dose used in this 3-month treat- 
ment period was 2.4 g/day (range 1,000 to 3,000 mg; 
median 3,000 mg). All patients had been treated with 
nonpharmacologic therapy, including exercise and 
weight reduction, for =3 months before instituting niacin 
therapy. During the time span of this study, patients 
were instructed to continue with their same program of 
diet and exercise; none of the patients were treated with 
other lipid-lowering medications, and other medications 
known to affect lipids (e.g., B-blockers, diuretics, a- 
blockers, calcium antagonists) were at stable doses for 
24 weeks before study entry, and doses were not altered 
during the program. Niacin therapy was discontinued in 
2 patients — for medication intolerance in 1 patient de- 
spite a 500 mg/day dose and a >3-fold increase (approx- 
imately 1.5 times the upper limit of normal) in the level 
of aspartate transaminase noted after 6 weeks of therapy 
(dose 1,500 mg/day) in the other patient who elected not 
to continue with niacin therapy. Therefore, 34 patients 
make up the study sample. 

Lipid values were compared at baseline and after 3 
months of niacin therapy using a paired t test. Subgroup 
analysis was performed in 19 patients with isolated low 
HDL cholesterol, defined as LDL cholesterol <160 
mg/dl, HDL cholesterol <35 mg/dl, and triglycerides 
<250 mg/dl, and compared to 10 patients with very low 
HDL cholesterol and hypertriglyceridemia (> 250: mg/ 
di to <500 mg/dl). Both subgroups were treated with 
similar doses of niacin. Lipid values in each subgroup 
were compared at baseline and after drug treatment us- 
ing a paired t test, and the changes in lipids in the 2 
subgroups were compared using a nonpaired t test. Re- 
sults were expressed as mean + standard deviation. 

Marked improvements in total cholesterol, HDL 
cholesterol, LDL cholesterol, and LDL/HDL were noted 
after 3 months of sustained-release niacin therapy (Ta- 
ble I). A slight reduction in triglycerides was noted, but 
this improvement was not statistically significant. There 














TABLE | Lipid Changes with Sustained-Release Niacin in | 
Coronary Patients with Very Low Levels of High-Density 
Lipoprotein Cholesterol (n = 34) | 
3-Month % 
Lipids Baseline Niacin Change pValue 
ne 

Total cholesterol (mg/d!) 196+ 38 174+43 -11 <0.005 
Triglycerides (mg/dl) 205+ 84 201 + 78 ~2 NS 
HDL cholesterol (mg/d) 26 + 4 33 + 6 +30 © <0.0001 
LDL cholesterol (mg/dl). 142253 114+34 ~20 <0.01 
LDL/HDL 5.7 £2.6 3.62 1.2 -37 <0.0001 





ROL = high-density lipoprotein; LDL = low-density lipoprotein: NS = Aol signifi- 
cant, : : 
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TABLE ff Comparison of Niacin Effects in Patients with "Isolated" -Low High-Density Lipoprotein Cholesterol Versus. Those with 


































































Hypertriglyceridernia’. 
Isolated Low HDL {a = 19) Hypertrigiyceridertia (n = 10) 
3-Month 3-Month 
Lipid values Baseline Niacin % Change p Value Baseline Niacin % Change p Value 
Total cholesterol (mg/dl) 189 + 28 170 + 42 -10 =0.08 192 = 46 175 + 48 -9 
Triglycerides (mg/dl) 163 + 51 180 + 77 +10 NS 310 = 47 238 + 80 -23* 
-HDL cholesterol (mg/dl) 2544 32 +6 +27 <0,002 2725 38 +3 +41 
LDL cholesterol (mg/dl) 120 + 22 114+ 31 -5 NS 156 = 80 101 + 25 ~35t 
| LDL/HDL 5.0+1.3 3.7412 ~26 <0,01 6.2 + 4.1 2.7 +0,7 -56t <0,02 
*p<0.05; Tpe0.02 compared with isolated low HDL group. 
Abbreviations as in Table, 
| TABLE HI Lipid Classifications at Baseline and After Three Months of Sustained-Reiease Niacin Therapy 
Entire Cohort “Isolated” Low Hypertriglyceridemia 
(n = 34) HDL Cholesterol (n = 19) (n = 10) 
3-Month 3-Month 3-Month 
Cholastero! (mg/dl) Baseline (%) Niacin (%) Baseline (%) Niacin (%) Baseline Niacin 
Finima 
Total x240 6 (18) 4 (12) 1 (5) 2(11) 2 1 
Total <200 23 (68) 26 (76) 14 (74) 15 (79) 7 8 
LOL = 160 9 (27) 4 (12) 0 (0) 1 (5) 3 0 
LOL <130 14 (41) 27 (79) 11 (88) 15 (79) 3 10 
HDL <35 34 (100) 16 (48) 19 (100) 13 (68) 10 1 
HDL <30 28 (82) 9 (26) 17 (89) 7 (37) 7 0 














Abbreviations asin Table i 











were no significant changes in body weight, fasting plas- 
ma glucose ievels, or levels of aspartate transaminase 
during the time period of the study. 

Among the 19 patients with isolated low HDL cho- 
lesterol (Table IT), significant improvements after niacin 
therapy were noted in HDL cholesterol and LDL/HDL; 
however, reductions in total cholesterol (p = 0.08) and 
EDL. cholesterol levels were not statistically significant. 
The level of triglycerides actually increased by 10% in 

this subgroup of patients, but this increase was alse not 
statistically significant. In the subgroup of 10 patients 
with both very low HDL cholesterol and hypertriglyceri- 
demia, significant improvements were noted for both 
HDL cholesterol and LDL/HDL; reductions in both tri- 
glycerides and LDL cholesterol levels were of borderline 
Statistical significance (p = 0.05). The reduction in total 
cholesterol in this subgroup did not meet statistical sig- 
nificance. There were no significant changes in body 
weight, glucose levels or liver function studies in either of 
these subgroups. 

Although ihe subgroup with isolated low HDL cho- 
lesterol had marked improvement in lipids with niacin 

“therapy, the improvements were much more marked in 
the group with hypertriglyceridemia (Table 11), inciud- 
ing statistically greater reductions in triglycerides (p 

“€0.05), EDL cholesterol (p <0.02) and LDL/HDL (p 
<0.02). The increase in HDL cholesterol also appeared 
greater in the group with hypertriglyceridemia than in 
those with isolated low HDL cholesterol (+41 vs +27%), 
but this did not reach statistical significance (p = 0.14). 

Lipid classifications. of these patients are listed in 
Table Ill, demonstrating that after therapy with sus- 
tained-release niacin, there are striking reductions inthe 


percentage of patients with “high-risk” LDL cholesterol 
2 160 mg/dl and low or very low levels of HDL cholester- 
ol, as well as increases in the percentage of patients with 
“ideal” LDL cholesterol <130 mg/dl. These beneficial 
improvements in lipid classification were noted in the 
entire cohort and in the subgroup with isolated low HDL 
cholesterol, but were more striking in the subgroup with 
hypertriglyceridemia. 

Nearly half of our patients with known CAD: and 
recent major cardiac events have ideal lipids according to 
the National Cholesterol Education Program, and very 
few have high-risk lipids (LDL cholesterol 2160 mg/ 
dl).4 In unpublished preliminary data from 238 cardiac 
rehabilitation patients from 2 institutions, approximately 
one fourth of our patients had isolated low HDL choles- 
terol, defined as LDL cholesterol <160 mg/dl, HDL 
cholesterol <35 mg/dl, and triglycerides <250 mg/dl. 
Isolated low HDL cholesterol was more common than 
high-risk LDL cholesterol among our cardiac patients, 
both before and after a program of vigorous nonpharma- 
cologic intervention. 

The treatment of patients with low levels of HDL 
cholesterol has been disappointing, particularly in pa- 
tients with isolated low HDL cholesterol.’ In the Helsinki 
Heart Study, however, drug treatment with gemfibrozil 
increased HDL cholesterol by an average of 10%; ina 
subgroup of patients with HDL cholesterol <35 mg/dl, 
gemfibrozil therapy raised. HDL cholesterol by 25%, 
which was associated with a reduction in CAD-related 
events by >60%.* In the entire trial, for every 1% increase 
in HDL cholesterol with drug therapy, a >3% reduction 
in CAD-related events was noted. In trials involving coro- 
nary angiography, increases in HDL cholesterol were 
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‘related to both reductions in CAD progression, as well as 
decreased CAD-related events.*:!° 
_ -Only limited data are available, however, on the ef- 
` fects of drug therapy in patients with isolated low HDL 
_ cholesterol. In a recent study of 22 patients with isolated 
_ low HDL cholesterol using a randomized, crossover de- 


Ki 


gn between placebo, lovastatin (20 mg twice daily) and 
_ gemfibrozil (600 mg twice daily), modest increases in 
: HDL cholesterol were noted (9% with gemfibrozil and 
_ 12% with lovastatin).’ In this trial, however, there were 
no significant effects with gemfibrozil on LDL cholester- 
ol or levels of apolipoprotein B, and LDL/HDL was 
-reduced by only 12%; in contrast, these lipid fractions 
were reduced with lovastatin by 34, 24 and 38%, respec- 
tively. It is well known that niacin effectively raises HDL 
< cholesterol, as well as lowers levels of total cholesterol, 
LDL ‘cholesterol and triglycerides; to our knowledge, 
however, the efficacy of this therapy in patients with 
_ isolated low HDL cholesterol, particularly with very low 
levels of HDL cholesterol, is not established. Although 
__ patients with very low HDL cholesterol and concomitant 
- hypertriglyceridemia seem to benefit more than those 
_ with isolated low HDL cholesterol, this report confirms 
the marked benefit of sustained-release niacin therapy in 
both groups of patients with low HDL cholesterol, proba- 
bly greater than that expected with either gemfibrozil or 
lovastatin.’ 

Several limitations should be noted. First, this was a 
relatively short treatment study, and the long-term effica- 
cy and adverse effects with sustained-release niacin ther- 
‘apy in these patients are not yet known. Second, the 

incidence of hepatic toxicity with this sustained-release 
_ niacin regimen was quite infrequent in this short-term 
study. Hepatic dysfunction is known to occur frequently 
< with niacin, much more so with sustained-release prepa- 
~tations.'! In addition, we have recently reported 3 pa- 
tients (plus observed 3 unpublished cases) with protein 
synthesis and clotting factor synthesis deficiency associ- 
ated with coagulopathy that occurred with sustained- 
release niacin preparations; this syndrome reoccurred af- 
ter rechallenge with sustained-release niacin, but not with 
short-acting niacin preparations.'! Finally, the sustained- 
~ release niacin regimen was extremely well-tolerated in 
< this highly motivated group of patients with CAD who 
were mainly followed by one clinician (CJL), and these 
- data may not be completely applicable to all patients with 
“CAD or those involved with primary, as opposed to secon- 
dary, prevention. 











Despite these limitations, the current data support the 
marked benefits with sustained-release niacin in patients 
with very low levels of HDL cholesterol, including strik- 
ing increases in HDL cholesterol and reductions in LDL 
cholesterol and LDL/HDL, which should prove extreme- 
ly beneficial for both primary and secondary coronary 
prevention. Further studies are needed that directly com- 
pare niacin with gemfibrozil and hydroxymethylglutaryl 
coenzyme A reductase inhibitors (e.g., lovastatin, prava- 
statin and simvastatin), as well as trials combining niacin 
with either of these classes of agents in various subgroups 
with low HDL cholesterol. Unlike the combination of 
lovastatin and gemfibrozil, which is relatively contraindi- 
cated because of an approximately 5% risk of rhabdo- 
myolysis, niacin can probably be combined with either of 
these classes of agents with relatively low risk of serious 
toxicity. 
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"Effect of Restenosis After an Earlier Angiop 
| Site i on the e agency of Restenosis After a Subsequent 





igioplasty 











| plasty at t Another Coronary 


- Peter B. Berger, MD, Malcolm R. Bell, MB , 3S, FRACP, David R. Holmes Jr., MD, 
Lavon Hammes, Jon L. Kosanke, BS, and Stuart J. Bresee, MD 


estenosis remains a major problem in patients under- 
going percutaneous transluminal coronary angio- 
plasty. A number of constitutional factors such as male 
gender,” diabetes mellitus,!? cigarette smoking” and un- 
stable angina,'? as well as local arterial factors including 
initial total occlusion,? severe residual stenosis* and ele- 
-vated translesional final gradient! have been associated 
- with an increased frequency of restenosis. However, these 
- factors are not necessarily causal, and the exact stimulus 
and mechanism of the cellular response resulting in reste- 


aoe “nosis remain unknown. In addition, the relative impor- 
: tance of constitutional and local arterial factors on the 


development of restenosis is unclear. Patients are often 
_ referred for angioplasty of atherosclerotic coronary nar- 
-— rowings having previously undergone angioplasty of a 
_ different site in the coronary circulation. However, it is 
-not known whether patients in whom restenosis developed 

e earlier angioplasty are at increased risk of devel- 
stenosis following angioplasty of a new lesion. 
answer to this question could shed some light on the 
„relative contribution of constitutional versus local arterial 
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factors on restenosis. Accordingly, to determine whether 
restenosis occurs more frequently among patients with a 
history of restenosis, we performed a retrospective data- 
bank analysis of patients at our institution who had un- 
dergone angioplasty and identified a select group of pa- 
tients who had had a successful angioplasty and who 
subsequently had another angiopla‘ty performed at a 
different coronary site. 

Between October 1, 1979, and March 1, 1990, 3,687 
patients underwent coronary angioplasty at our institu- 
tion. Patients undergoing atherectomy, laser angioplasty 
and coronary stent placement (n = 231) were excluded. 
Of the remaining patients, 125 patients were identified as 
having undergone follow-up angiography 22 months 
after the “initial narrowing” angioplasty, as well as sub- 
sequent successful angioplasty of a new narrowing (or 
narrowings) at a different coronary site (referred to as a 
“new narrowing” angioplasty). Patients were divided 
into 2 groups based on the angiographic appearance of 
the previously dilated initial angioplasty site; patients 
who had developed restenosis after their initial angio- 
plasty, and those who had not developed restenosis after 
their initial angioplasty. Five patients underwent coro- 
nary artery bypass graft surgery shortly after their sec- 
ond angioplasty without repeat angiography to deter- 
mine whether restenosis had occurred and were excluded 








Restenosis present Restenosis absent 
(initial PTCA site) (initial PTCA site) formation of the study population after an 
n=78 n=47 initial succeseful coronary angioplasty. All 
y underwent another: . 
r asty of a new narrowing 
Excluded: Excluded: at a different site in the coronary circula- 
EA tion. CABG = coronary artery bypass 
y CABG grafting; PTCA = percutaneous transhi- 
(no repeat : ara ee 
angiography) coronary angioplasty, = 
ne? 
Recurrent symptoms | 
(no repeat i 
angiography) 
n= 3 : 
Group | Group H 
Prior restenosis No prior restenosis 
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TABLE | Clinical Characteristics Among 113 Patients in the 
“Study Population* k 






Group il 
(n = 42) 


58 + 10 





Characteristics 


Age (years)t 








6l +12 


Men/ women 53 (75%) 30 (71%) 
On 18 (25%) 12 (29%) 
“0: History of diabetes 11 (15%) 5 (12%) 
oo melitus 
Current cigarette 13 (18%) 8 (19%) 
smoking 
Hypercholesterolemia 35 (49%) 18 (43%) 
(2250 mg/dl) 
History of systemic 31 (44%) 19 (45%) 
hypertension 
` Prior myocardial 39 (55%) 24 (57%) 
infarction 
Unstable angina 60 (85%) 33 (79%) 
pectoris 








*Patients are grouped according to whether restenosis did (group |) or did not (group 
<b Whoceur after their first coronary angioplasty. 
_etContinuous variables expressed as mean + standard deviation. 





from analysis (3 with initial narrowing restenosis and 2 
_ without initial narrowing restenosis). Seven patients de- 
veloped recurrent symptoms following their second angi- 
oplasty, compatible with restenosis, but did not undergo 
repeat angiography and were also excluded (4 with ini- 
tial narrowing restenosis and 3 without initial narrowing 
_restenosis). The remaining 113 patients form the study 
population, 71 of whom developed restenosis after their 
itial angioplasty requiring repeat angioplasty at the 
itial narrowing site (group I), and 42 patients who did 
: not develop restenosis after their initial angioplasty 
(group I) (Figure 1). 
-< Patients were followed clinically for the recurrence of 
_ symptoms for a minimum of 6 months after angioplasty 
of their new narrowing(s). All patients in the study group 
who were thought to have developed restenosis on clini- 
cal grounds underwent angiography. Follow-up infor- 
mation was obtained by a trained data technician who 
telephoned each patient 6 and 12 months following angi- 
oplasty of the new lesion. No patients were lost to follow- 
-up or died during the follow-up period. 
_ Successful angioplasty was defined as a 240% im- 
provement in the luminal diameter of the stenosis with a 
final stenosis <50%, without myocardial infarction, cor- 
onary artery bypass surgery or death. Restenosis was 
: defined by the presence of a 250% narrowing based on 
caliper measurement or visual estimation in orthogonal 
or near orthogonal views at the site of the previous angio- 
plasty. Because angiography was generally only per- 
formed in patients with signs or symptoms suggestive of 
“restenosis, the restenosis rates represent angiographical- 
ly confirmed clinical restenosis. Multivessel disease was 
_ defined as the presence of a 270% narrowing in 1 major 
_ coronary artery or major branch, and at least 1 addition- 
al narrowing 250% in another major coronary artery or 
its major branch. Hypercholesterolemia was defined as a 
total serum cholesterol 2250 mg/dl. 
_ Continuous variables are expressed as mean + I 
standard deviation. Comparisons between. groups were 
performed using chi-square analysis for discrete vari- 






















TABLE li Angiographic Characteristics of 144. Initial 

Narrowings Successfully Dilated in the 113-Patients in the 

Study Population* 

Group | Groupi oo p 
Characteristics (n= 71) (n= 42) Value | 

Narrowings dilated (no.) 99... 50 mie 
Narrowings dilated per patient 1.39 KIJO = 
Left anterior descending artery 48 (48%) 13 126%) -0.008 
Right coronary artery 21 (21%) 19 (88%) — 0029. 
Left circumflex artery 19(19%)  17134%) 0:026 
Vein graft 10 (10%) 112%) 0.074 
Left main 1 (1%) 0 (0%) ONS 
Pra-PTCA stenosis (%) 88 + 10 93 #7 NS 
Total occlusion (no.} 7(10%) =: 10 (23%) 
Post-PTCA stenosis (%) 29412 29" 13 NS 
Days to restenosis (median) 190 — oe 
*Patients are grouped according to whether restenosis did (group h or did: 





not (group H occur at these sites, i ; 
NS = not significant; PTCA = percutaneous transiuminal coronary angioplasty, 



























TABLE HHI Angiographic Characteristics of 144 New... 
Narrowings Successfully Dilated in 113 Patients to Whom 
Restenosis had (group !) or Had Not (group Il) Occurred After 
Earlier Angioplasty at a Different Coronary Site gE 








Group t Ons Group. 









Characteristics (n= 71) {n= 42) 
Narrowings dilated (no.) 85 ey eae 
Narrowings dilated per patient 1.20 1360 
Left anterior descending artery 25 (29%)... 22 (39%) ie 
Right coronary artery 27 (32%) 20 (35%) 
Left circumflex artery 28 (33%) 18 (26%) | 
Vein graft 5 (6%) => < 0 (0%) 
Pre-PTCA stenosis (%) B24 110. 87% £ ll 
Post-PTCA stenosis (%) 28+11 | 29%10 
Initially totally occluded 3 (4%) 4(10%) 
Multivessel disease 50 (70%) > 30 (71%) 
Days between initial and new narrowing 223 


650 
PTCA (median) i 


PTCA = percutaneous transtuminal coronary angioplasty. 








ables and Student’s t test for continuous variables. Mul- 
tivariate analysis using a stepwise logistic regression 
model was performed using clinical and angiographic 
variables to determine independent predictors of resteno- 
sis among the study patients. Statistical significance was 
assumed using an a of 0.05. 

The baseline clinical characteristics of patients with 
and without prior restenosis were similar (Table I). 
Analysis of the angiographic features of the initial angi- 
oplasty revealed several important differences between 
the 2 groups (Table IT). Patients in group I who had 
developed restenosis had narrowings dilated in the left 
anterior descending artery significantly more frequently ` 
than patients in group II. Conversely, the circumflex and 
right coronary artery were dilated less frequently than in 
patients without prior restenosis. There was also a trend 
toward more frequent vein graft dilation in group 1 with 
prior restenosis. However, there were no significant dif- 
ferences in the angiographic characteristics of the new 
narrowing angioplasty sites between the 2 groups (Table 
HI). ; 

The percentage of patients discharged and main- 
tained on 8 blockers, calcium blockers, nitrates, aspirin, 
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dipyridamole and anticoagulants following their new 
narrowing angioplasty was similar between the 2 groups. 

Restenozis of the second angioplasty site occurred at 
26 of 85 sites dilated (31%) in group I, and at 15 of 57 
~ sites dilated (26%) in group II (p = not significant) 

(Figure 2), corresponding to 25 of 71 patients (35%) in 
group I, ana 12 of 44 patients (27%) in group II (p = not 
significant). The number of patients undergoing cathe- 
terization in whom restenosis at the new angioplasty site 
had not occurred was similar in both groups. 
Multivariate analysis revealed that the severity-of the 
pre-procedural stenosis was a weak predictor of resteno- 
sis {p = 0.07). Other clinical and angiographic variables 
(Tables I and II) included in the analysis were not 
found to be independent predictors of restenosis. 
Numerous studies have shown that the frequency of 
restenosis after repeat dilation of a restenotic narrowing is 
similar to that following dilation of an atherosclerotic 
narrowing." This study examined a different question: 
Do patients who have a history of restenosis after dilation 
of an atherosclerotic narrowing have an increased risk for 
restenosis following the subsequent dilation of a new ath- 
erosclerotic narrowing at another site in the coronary 
circulation? The results of this study reveal that they do 
= not; restenosis occurred in a similar percentage of pa- 
tients with a history of restenosis following angioplasty at 
a different site in the coronary circulation as patients in 
whom restenosis did not occur. 
= -The explanation for why restenosis occurs 1 or more 
times after angioplasty in some patients while the coro- 
nary arteries remain widely patent in others is poorly 
understood. Among the constitutional features that are 
believed to influence the restenosis rate, there are several, 
including male gender, diabetes and cigarette smoking, 
which presumably might confer an increased risk of reste- 
nosis after all angioplasty procedures among such pa- 
tients. 

There are other theoretical reasons why a history of 
prior restenosis might be predicted to confer an increased 
risk of restenosis. If, for example, the immune system 
influences the inflammatory response to injury of the 
vessel wall from balloon inflation, patients with an exag- 
gerated response to injury might be expected to repeated- 





ly develop restenosis more frequently than patients with- 
out an exaggerated response to injury. 

Other investigators have recently performed a similar 
retrospective databank analysis of 90 patients who under- 
went a second angioplasty of an atheresclerotic narrow- 
ing, and reported that restenosis occurred significantly 
more frequently among patients who had previously de- 
veloped restenosis: 50% (20 of 40) compared to 22% (11 
of 50) among patients without prior restenosis.’ Our re- 
sults indicate that patients with 1 or more episodes of 
restenosis are not more likely to develop restenosis after 
dilation of a new atherosclerotic lesion. The explanation 
for the disparate findings between the 2 studies is not 
clear. In the study of Bresee et al,® the restenosis rate 
among patients with prior restenosis was 50%, a higher 
clinical restenosis rate than has previously been reported. 
In addition, patients who had prior restenosis had more 
severe coronary artery disease as evidenced by their 
greater incidence of multivessel disease, greater number 
of narrowings dilated, and more rapid progression to 
symptoms. The possibility that more subclinical episodes 
of restenosis were detected in the group with prior reste- 
nosis as a result of the need for more frequent angiogra- 
phy cannot be excluded; further studies are needed to 
confirm or refute these findings. 

A limitation of this study is that it is a retrospective 
data bank analysis of a relatively small number of pa- 
tients. Angiography was performed only in patients in 
whom it was clinically suspected, and therefore the true 
percentage of patients with angiographic restenosis is not 
known for the entire population who underwent coronary 
angioplasty. 

These data are the first to suggest that restenosis 
following angioplasty at an initial site does not appear to 
have a major influence on the probability of developing 
restenosis after a subsequent angioplasty of a new nar- 
rowing at a different coronary site. These results support 
the concept that the most important factors. associated 
with restenosis are related to lesion and procedural char- 
acteristics, and that constitutional factors are of less im- 
portance, When asked to consider angioplasty in patients 
who have already had angioplasty followed by 1 or more 
episodes of restenosis, it appears that such patients may 
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be reassured that their risk of restenosis does not appear 
to be significantly higher than the risk among patients 
who did not develop restenosis after a prior angioplasty. 
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: Effect of Activity on Circadian Variation in Time of Onset of Acute 


‘Myocardial Infarction 


John. Zornosa, MD, Martha Smith, MD, and William Little, MD 


mm here is a circadian variation in the onset of acute 
E myocardial infarction (AMI) with the peak inci- 
dence occurring between 6:00 a.m. and 12:00 a.m. Muller 
et al! proposed that this increased frequency of AMI in 
< the morning is due to the circadian variation of potential 
triggers of plaque rupture and development of occlusive 
thrombosis. These potential triggers of AMI include 
morning surges of cortisol and catecholamines, increases 
in blood pressure and heart rate, as well as increases in 
platelet aggregability,? blood viscosity,? and vasomotor 
tone in conjunction with diminished fibrinolytic activity.* 
The peak incidence of AMI occurs somewhat later in the 
«morning (10:00 a.m. to 12:00 a.m.) than the peak activity 
of most of the potential triggers that occur between 6:00 
AM. and 9:00 a.m.° Exertion enhances the potential ad- 
verse effects of all these potential triggers of AMI. Thus, 
we hypothesized that baseline resting circadian variation 
of potential triggers of AMI would have the greatest 
effect on AMI occurring in the absence of exertion. If this 
hypothesis is correct, AMI not associated with exertion 
would have a peak incidence coinciding more closely with 
the peak adverse effects of the potential triggers in the 
early morning. Accordingly, this study was undertaken to 
evaluate prospectively the influence of activity at the on- 
-set of AMI to the circadian variation in the time of onset 
of AMI. 
Consecutive patients admitted to North Carolina 
Baptist Hospital with AMI were interviewed within 48 
hours of admission. AMI was defined as significant ele- 
vation of creatine kinase-MB (total creatine kinase 
>250, MB >5%). Twenty-three patients were excluded 
because their clinical histories were judged to be unreli- 
able. Two hundred ninety-four patients were evaluated 
(34% anterior, 28% inferioposterior, 38% non-Q-wave 
_ AMISs). The time of onset of AMI was quantitated as the 
time of onset of chest pain. Patients were questioned 
_ regarding their activity within 30 minutes before pain 
“onset. Activity was graded as sleep/rest (<3 METS), 
`- From the Section of Cardiology, Bowman Gray School of Medicine, 
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“North Carolina 27103, Manuscript received August 30, 1991; revised 
: manuscript received and accepted December 11, 1991. 








mild exertion (3 to 5 METs) and moderate to marked 
exertion (>5 METs) using a previously described for- 
mat.° Patients were then classified into 2 groups: those 
who were asleep or at rest were classified as “No Exer- 
tion” and those participating in mild or greater exertion 
(>3 METs) as “Exertion.” Time of AMI was tabulated 
by 2-hour intervals, beginning 1 minute after the hour. 

The chi-square test was used to compare the distri- 
bution of AMI for all patients, and then for the exertion 
and no exertion groups. All patients were grouped to- 
gether to analyze the significance of circadian varia- 
tion, comparing frequency during four 6-hour intervals 
(12:01 A.M. to 6:00 A.M., 6:01 AM. to 12:00 A.M., 12:01 
P.M. to 6:00 P.M., and 6:01 P.M. to 12:00 P.M.). Each 6- 
hour interval was further subdivided into 2-hour inter- 
vals, beginning 1 minute after the hour. Patients were 
then separated into exertion and no exertion groups and 
again analyzed for circadian variation in a similar man- 
ner. AMI occurring between 12:00 P.M. and 6:00 AM. 
were then excluded and the 2 groups were again com- 
pared. 

In 232 patients (79%), AMI occurred in the absence 
of exertion. In the remaining 62 patients, AMI was tem- 
porally associated with mild exertion (n = 53), or 
marked exertion (n = 9). There were no significant dif- 
ferences in age, sex distribution or clinical characteris- 
tics between patients with exertionally or nonexertional- 
ly related AMI. 

Analysis of all 294 patients (Figure 1) showed a peak 
occurrence of AMI in the morning (6-01 A.M. to 12:00 
AM.) (p <0.005) with the greatest frequency between 
10:00 A.M. and 12:00 A.M. The patients with AMI associ- 
ated with exertion had a peak occurrence during the 
midday (10:00 A.M. to 12:00 4.M.). Patients with nonex- 
ertionally related AMIs had a peak incidence from 6:00 
AM. to 8:00 A.M., earlier in the morning than the entire 
group. Because of customary sleeping patterns, few pa- 
tients are active between 12:00 P.M. and 6:00 A.M; thus, 
AMIS occurring during this time period were excluded 


_and the groups were compared. There was still a signifi- 


cant difference in the distribution of AMIs between i 2 
groups (p = 0.001). 
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FIGURE 1. Circadian variation in the time of onset of acute myocardial infarction (Mi). The peak incidence in all patients was be- 
tween 10:00 a.m. and 12:00 a.m. The peak incidence of acute myocardial infarction associated with exertion was in the midday. 
in considering only patients with acute myocardial infarction unassociated with exertion (no exertion), the peak incidence is in 


the early morning between 6:00 a.m. and 8:00 a.m. 


We found that most AMIs occur in the absence of 
exertion (<3 METs). The peak incidence of these nonex- 
ertionally related AMIs is between 6:00 a.m. and 8:00 A.M. 
This is coincident with the peak activity of many potential 
- triggers of AMI which include surges in heart rate, blood 
pressure, catecholamines, cortisol, platelet aggregability, 
coronary vascular tone, plasma viscosity, and fibrinolytic 
. activity associated with awakening and assumption of the 

upright posture. These factors have been termed triggers 

because of their potential role as precipitants of coronary 

artery plaque rupture and subsequent thrombosis.! Exer- 

cise accentuates all of these potential triggers. Thus, it is 

not surprising that exertion has been associated with the 
-occurrence of AMI and sudden cardiac death. 

_ AMIs associated with exertion occurred throughout 

the day with a peak occurrence near midday. It is possible 
< that exercise’s profound effect on the potential triggers of 
-AMI may overwhelm the circadian variation of their 
basal levels. Combining patients with exertionally and 
nonexertionally related AMI shifted the apparent peak 
incidence of AMI several hours later in the morning. later 
than the peak activity of most of the presumed triggers. 
Thus, inclusion of exertionally precipitated AMI appears 
to partially obscure the early morning peak in AMI and 
the potential effect of the circadian variation of the trig- 
gers. 

Our study depends on the ability of patients to accu- 
rately time the onset of their myocardial infarction. How- 
ever, this method of timing the onset of AMI correlates 
well with enzymatic estimation of the time of onset.” The 
early morning surge in the basal activity of most potential 
triggers of AMI is associated with awakening. Thus, the 
incidence of AMI may be greater at the time of awaken- 
ing, which may not always occur early in the morning. 
However, we did not collect this information, and thus are 
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unable to perform this correction. If we had, we assume 
that the morning peak incidence of AMI in the absence of | 
exertion would be even more marked. 

Since exertion is rare between 12:00 a.m. and 6:00 A.M., 
this might account for the difference in distribution of the 
time of onset of AMIs with and without exertion. In 
contrast, analysis of the data after exclusion of events 
occurring from 12:00 a.m. to 6:00 a.m. demonstrates that 
this is not correct. 

In conclusion, our study suggests that the circadian 
variation in the basal level of potential triggers of AMI 
has its most marked effect on AMI occurring in the 
absence of exertion. The peak incidence of AMI in the 
absence of exertion is early in the morning, coincident 
with the peak level of the potential triggers. Exertionally 
related AMIs occur throughout the day, with a peak 
incidence in the midday. It is possible that exertionally 
related changes in the potential triggers of AMI over- 
come the basal variation in these triggers, supporting the 
speculation that exertion may trigger AMI. 
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CORGARD® TABLETS 
Nadolol Tablets USP 


DESCRIPTION: CORGARD (nadolol) is a synthetic nonselective beta-adrenergic receptor 
blocking agent. 


CONTRAINDICATIONS: Bronchial asthma, sinus bradycardia and greater than first degree 


conduction block, cardiogenic shock, and overt cardiac failure (see WARNINGS). 


WARNINGS: Cardiac Failure-Sympathetic stimulation may be a vital component 
supporting circulatory function in congestive heart failure, and its inhibition by beta- 


blockade may precipitate more severe failure. Although beta-blockers should be avoided in 
overt congestive heart failure, if necessary, they can be used with caution in patients with a 


history of failure who are well compensated, usually with digitalis and diuretics. Beta- 
adrenergic blocking agents do not abolish the inotropic action of digitalis on heart muscle. 
IN PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued use of beta- 
blockers can, in some cases, lead to cardiac failure; therefore, at first sign or symptom of 
heart failure, digitalize and/or give diuretics, and closely observe response, or discontinue 
nadolol (gradually if possible). 





Exacerbation of Ischemic Heart Disease Following Abrupt Withdrawal— 
Hypersensitivity to catecholamines has been observed in patients withdrawn from 
beta-blocker therapy; exacerbation of angina and, in some cases, myocardial 
infarction have occurred after abrupt discontinuation of such therapy. When 
discontinuing chronic use of nadolol, particularly in patients with ischemic heart 
disease, gradually reduce dosage over a 1- to 2-week period and carefully monitor 


the patient. Reinstitute nadolol promptly (at least temporarily) and take other 
measures appropriate for management of unstable angina if angina markedly 
worsens or acute coronary insufficiency develops. Warn patients not to interrupt or 
discontinue therapy without physician's advice. Because coronary artery disease is 
common and may be unrecognized, it may be prudent not to discontinue nadolol 
therapy abruptly even in patients treated only for hypertension. 





Nomaillorgie Bronchospasm (eg, chronic bronchitis, emphysema)-PATIENTS 
WITH BRONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA- 
BLOCKERS. Administer nadolol with caution since it may block bronchodilation produced 
by endogenous or exogenous catecholamine stimulation of beta, receptors. 

Major Surgery—Because beta-blockade impairs the ability of the heart to respond to 
reflex stimuli and may increase risks of general anesthesia and surgical procedures, 
resulting in protracted hypotension or low cardiac output, it has generally been suggested 
that such therapy should be withdrawn several days prior to surgery. Recognition of the 
increased sensitivity to catecholamines of patients recently withdrawn from beta-blocker 


therapy, however, has made this recommendation controversial. If possible, withdraw beta- 


CORGARD?® (nadolol) inc 


blockers well before surgery takes place. In emergency 
surgery, inform the anesthesiologist that the patient is on 
beta-blocker therapy. Use of beta-receptor agonists such 
as isoproterenol, dopamine, dobutamine, or levarterenol 
can reverse the effects of nadolol. Difficulty in restarting 
and maintaining the heart-beat has also been reported with 
beta-adrenergic receptor blocking agents. 

Diabetes and Hypoglycemia—Beta-adrenergic 
blockade may prevent the appearance of premonitory signs 
and symptoms (eg, tachycardia and blood pressure 
changes) of acute hypoglycemia. This is especially 
important with labile diabetics. Beta-blockade also reduces 
release of insulin in response to hyperglycemia; therefore, it 
may be necessary to adjust dose of antidiabetic drugs. 

Thyrotoxicosis—Beta-adrenergic blockade may mask 
certain clinical signs (eg, tachycardia) of hyperthyroidism. 
To avoid abrupt withdrawal of beta-adrenergic blockade 
which might precipitate a thyroid storm, carefully manage 
patients suspected of developing thyrotoxicosis. 
PRECAUTIONS: Impaired Renal Function—Use nadolol 
with caution (see DOSAGE AND ADMINISTRATION 
section of package insert). 

Information for Patients—Warn patients, especially 
those with evidence of coronary artery insufficiency, against 
interruption or discontinuation of nadolol without physician's 
advice. Although cardiac failure rarely occurs in properly 
selected patients, advise patients being treated with beta- 
adrenergic blocking agents to consult physician at first sign 
2 impending failure. Advise patients in event of missed 

loses. 

Drug Interactions—Concurrent administration may 
result in interactions with: Anesthetics, general— 
exaggeration of the hypotension induced by general 
anesthetics (see WARNINGS, Major Surgery). Antidiabetic 
drugs (oral agents and insulin)—hypoglycemia or 
deel. tte: adjust antidiabetic drug dosage accordingly 
(see WARNINGS, Diabetes and Hypoglycemia). Catecholamine-depleting drugs (eg, 
reserpine)—additive effect; monitor closely tor hypotension and/or excessive bradycardia 

Response to Treatment for Anaphylactic Reaction-While taking beta-blockers, 
patients with a history of severe anaphylactic reaction to a variety of allergens may be 
more reactive to repeated challenge, either accidental, diagnostic, or therapeutic. Such 
patients may be unresponsive to the usual doses of epinephrine used to treat allergic 
reaction. 

Carcinogenesis, Mutagenesis, Impairment of Fertility—In 1- to 2-year oral 





Av, Sunrise-to-sunrise control in 
hypertension and angina pectoris rts fos” over a period of 1 to 2 weeks (see 


toxicologic studies in mice, rats, and dogs, nadolol did not produce significant toxic 
effects. In 2-year oral carcinogenic studies in rats and mice, nadolol did not produce 
neoplastic, preneoplastic, or nonneoplastic pathologic lesions. 

Pregnancy Category C—In animal reproduction studies with nadolol, evidence of 
embryo- and fetotoxicity was found in rabbits (but not in rats or hamsters) at doses 5 to 
10 times greater (on a mg/kg basis) than maximum indicated human dose; no teratogen 
potential was seen in any of these species. There are no well-controlled studies in 
pregnant women: therefore, use nadolol in pregnant women only if potential benefit 
justifies potential risk to the fetus. Neonates of mothers who received nadolol at parturit 
have exhibited bradycardia, hypoglycemia, and associated symptoms. 

Nursing Mothers—Nadolol is excreted in human milk. Exercise caution when nadol 
is administered to a nursing woman. 

Pediatric Use—Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS: Most adverse effects have been mild and transient and have 
aie | required nadolol withdrawal. 

ardiovascular—Bradycardia with heart rates of less than 60 beats per minute occt 
commonly, and heart rates below 40 beats per minute and/or symptomatic bradycardia 
were seen in about 2 of 100 patients. Symptoms of peripheral vascular insufficiency, 
usually of the Raynaud type, have occurred in approximately 2 of 100 patients. Cardiac 
failure, hypotension, and rhythm/conduction disturbances have each occurred in about 
1 of 100 patients. Single instances of first degree and third degree heart block have bee 
reported; intensification of AV block is a known effect of beta-blockers (see also 
CONTRAINDICATIONS, WARNINGS, and PRECAUTIONS). Central Nervous 
System-Dizziness or fatigue reported in approximately 2 of 100 patients; paresthesias, 
sedation, and change in behavior reported in approximately 6 of 1000 patients. 
Respiratory—Bronchospasm reported in approximately 1 of 1000 patients (see 
CONTRAINDICATIONS and WARNINGS). Gastrointestinal—Nausea, diarrhea, 
abdominal discomfort, constipation, vomiting, indigestion, anorexia, bloating, and 
flatulence each reported in 1 to 5 of 1000 patients. Miscellaneous—Each of the followin 
reported in 1 to 5 of 1000 patients: rash; pruritus; headache; dry mouth, eyes, or skin; 
impotence or decreased libido; facial swelling; weight gain; slurred speech; cough; nasa 
stuffiness; sweating; tinnitus; blurred vision: infrequent reversible alopecia. 

The following adverse reactions have been reported in patients taking nadolol and/c 
other beta-adrenergic blocking agents, but no causal relationship to nadolol has been 
established. Central Nervous System-—reversible mental depression progressing to 
catatonia; visual disturbances; hallucinations; an acute reversible syndrome characteriz 
by disorientation for time and place; short-term memory loss, emotional lability with sligt 
clouded sensorium; decreased performance onneuropsychometrics. 
Gastrointestinal—mesenteric arterial thrombosis; ischemic colitis; elevated liver enzyme 
Hematologic- agranulocytosis ;thrombocytopenic or 
nonthrombocytopenic purpura. Allergic—-fever combine 
with aching and sore throat; laryngospasm; respiratory 
distress. Miscellaneous—pemphigoid rash; hypertensiv 
reaction in patients with pheochromocytoma; sleep 
disturbances; Peyronie's disease. The 
oculomucocutaneous syndrome associated with practok 
has not been reported with nadolol. 

OVERDOSAGE: Nadolol can be removed from the gent 
circulation by hemodialysis. In addition to gastric lavage 
employ the following measures as appropriate. In 
determining duration of corrective therapy, take note of 
long duration of effect of nadolol. 

Excessive Bradycardia—Administer atropine (0.25 
1.0 mg). If there is no response to vagal blockade, 
administer isoproterenol cautiously, 

Cardiac Failure—Administer a digitalis glycoside anı 
diuretic. It has been reported that glucagon may also be 
useful in this situation. 

Hypotension—Administer vasopressors, eg, 
epinephrine or levarterenol. (There is evidence that 
epinephrine may be the drug of choice.) 

Bronchospasm—Administer a beta,-stimulating age 
and/or a theophylline derivative. 

DOSAGE-For all patients, DOSAGE MUST BE 
INDIVIDUALIZED. 

For angina pectoris, usual initial dose is 40 mg qd; 
may be gradually increasec in 40 to 80 mg increments a 
to 7 day intervals until optimum clinical response or 
pronounced slowing of the heart rate; usual maintenanc: 
dose is 40 or 80 mg qd (doses up to 160 or 240 mg daily 
may be needed). If treatment is to be discontinued, redi 


For hypertension, usual initial dose is 40 mg qd; 
gradually increase in 40 to 80 mg increments until optim 
blood pressure reduction is achieved; usual maintenance dose is 40 or 80 mg qd (doses 
to 240 or 320 mg daily may be needed). 
Patients with renal failure require adjustment in dosing interval; see package insert f 
dosage in these patients. 
For full jaro J information consult package insert. 
HOW SUPPLIED: In scored tablets containing 20, 40, 80, 120, or 160 mg nadolol per 
tablet in bottles of 100. The 40 mg, 80 mg, and 120 mg tablets are available in bottles o 
1000 tablets. The 20 mg, 40 mg, and 80 mg tablets are also available in Unimatic” unit- 
dose packs of 100 tablets. 


Convenient once-daily dosing 


20 mg 


40 mg 


80 mg 


Also available in 120 mg and 160 mg tablets 
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reservation of left ventricular systolic function in 
, patients with severe proximal 3-vessel coronary ar- 
tery disease is not uncommon. This discrepancy between 
a markedly decreased nutritional flow and a preserved 
contractility raises the question of a possible collateral 
blood supply to the myocardium through anastomosis 
between coronary vessels and other intrathoracic circula- 
tions. This possibility is substantiated by the observation 
in some patients during coronary surgery of a back flow 
of blood in the coronary artery during cardioplegia de- 
„spite cross clamping of the aorta, indicating the presence 
of collateral circulation from an extracardiac origin. 
Anastomosis between the bronchial and the coronary 
arteries has been found in several anatomic studies! and 













have been documented at angiography.> Furthermore, 
disruption of the suture of the bronchial or tracheal anas- 
tomosis is less frequent after combined heart lung trans- 
plantation than after lung transplantation, probably as a 
: consequence of anastomosis between the coronary and 
bronchial circulations. These observations led us to in- 
vestigate the possibility of a bronchocoronary collateral 
circulation in patients with 3-vessel disease and normal 
eft ventricular function. 
We studied 13 patients with a coronary stenosis 
h (assessed by digitalization) proximal to the emer- 
e of any major branch on the 3 coronary vessels and 
normal (>60%) ejection fraction at angiography; 
8 subjects with normal coronary arteries served as con- 
trol subjects. At the end of conventional coronary arteri- 
ography, contrast medium (iopamidol, 10 ml). was in- 
„jected in the ostia of the bronchial arteries after selective 
catheterization; optical density was then monitored at 
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the apex of the left ventricle by digitalized angiography. 
We hypothesized that if functionally significant bron- 
chocoronary anastomoses did exist, a rapid increase in 
optical density at the level of the ventricular walls should 
result from injection of contrast medium in the bronchial 
arteries (Figure 1). Acquisition was performed with an 8 
bit 512 X 512 matrix ADAC DPC system at 25 frames 
per second. Optical density was assessed on a 256 level 
scale (0 to 255 arbitrary units). Two areas of interest 
were studied: a rectangular surface involving 311 pixels 
positioned at the apex of the left ventricle whose blood 








FIGURE 1. Contrast medium injection in the bronchial arteries 
should result in increased optical density of the apex of the left 
ne ene A 
RA = right atrium. 
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supply usually originates from branches of 3 major cor- 
onary arteries, and at the right atrial level as a reference. 
Optical density was monitored in these 2 zones during 8 
seconds after contrast medium injection; 200 measure- 
ments were thus available to plot an optical density ver- 
sus time curve. The time course of optical density ai the 
right atrial level and at the apex of the left ventricle were 
then compared by analysis of variance for repeated mea- 
surements. In the 8 control subjects (Figure 2), optical 
density curves were not different in the right atria and in 
the left ventricle. Conversely, in the 13 patients, the mean 
optical density progressively increased in the apex of the 
left ventricle throughout the 8-second acquisition period, 
whereas it remained unchanged at the right atrial level 
(Figure 3); the increase in left ventricular optical density 
was signifiant (p <0.005) and indicates the presenee of 
myocardial perfusion by a bronchocoronary collateral 
circulation. Furthermore, 2 patients had direct visual- 
ization of epicardial coronary arteries through this bron- 
chocoronary collateral circulation. 

Anastomoses between the bronchial and coronary cir- 
culation are common occurrences and precede the devel- 








FIGURE 3. Time course of optical density 
in 13 subjects with 3-vessel disease. : 
LV = lefi ventricle; RA = right atrium. 





opment of obstructive coronary stenosis since they can be 
found in subjects without coronary atheroma and even in 
infants.!~4 Because of the lack of increase in optical densi- 
ty at the left ventricular level in the 8 control subjects, 
their contribution to myocardial perfusion is nonexistent 
or minimal as long as the coronary arteries remain nor- 
mal. Severe proximal stenoses cause a pressure gradient 
between the bronchial circulation and the distal coronary 
vascular bed, which in turn provides the driving force for 
an increased collateral flow that may become a signifi- 

cant source of blood supply to the ischemic myocardium. 
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Persistent Inappropriate Sinus Tachycardia After Radiofrequency 
Current Catheter Modification of the Atrioventricular Node 


Frederick A. Ehlert, MD, Jeffrey J. Goldberger, MD, 


and Alan H. Kadish, MD 


trioventricular (AV) junctional reentrant tachycar- 
dia (JRT) is the most frequent cause of paroxysmal 
supraventricular tachycardia.'! Recently, radiofrequency 
current delivered through a transvenous catheter was 
-used to modify AV nodal properties so that AVJRT is no 
longer inducible while preserving normal AV nodal con- 
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duction.24 This technique has produced high success 
rates with relatively few complications. In this report, we 
present a previously ufireported complication observed in. 
3 patients undergoing AV node modification using radio- 
frequency current: persistent, inappropriate and symp 
tomatic sinus tachycardia. 

Eight consecutive patients with Jong standing, symp- 
tomatic AVIRT were referred to our institution for ra- 
diofrequency current catheter modification of the AV 
node between July 1,.1990,.and December 31,1990, and 
were included in this analysis. Clinical data were ob- 
tained retrospectively from office and hospital records. 


APRIL 15, 1992 


Heart rate data before hospitalization were obtained 
from Z5 entries in office or hospital records; heart rate 
data for the 48- to 72-hour period immediately after the 
procedure were obtained from intensive care records re- 
corded hourly (mean number of recordings/patient 43 + 
12). Furthermore, 24-hour Holter monitor recordings 
during normal activity were obtained 4 to 6 weeks after 
the modification procedure in all 3 patients with inap- 
propriate sinus tachycardia. 

All patients underwent standard electrophysiologic 
studies (without cardiac medications) before, 48 to 72 
hours after (further AV node modification was per- 
formed if AVJRT remained inducible), and 2 to 4 
months after the modification procedure. Standard tech- 
niques for the induction of supraventricular tachycardia 
were used.’ Isoproterenol was administered to all pa- 
tients during these studies. In 1 patient with inappropri- 
ate sinus tachycardia, the intrinsic heart rate was deter- 
mined by administering intravenous propranolol (0.2 
mg/kg) and atropine (0.4 mg/kg)° during the 4-month 
follow-up electrophysiologic study. 

Radiofrequency energy was delivered by a large-tip 
(4 mm), steerable, 7Fr quadripolar catheter as a contin- 
uous unmodulated sine-wave output at 350 kHz from an 
electrosurgical unit (model RFG-3B, Radionics, Bur- 
lington, Massachusetts). The anterior approach, as de- 
scribed by Lee et al was used in all patients. The end 
point of radiofrequency ablation was to prevent the in- 
duction of sustained supraventricular tachycardia. 


Inappropriate sinus tachycardia was defined as sinus 
rhythm at rates >100 beats/min occurring at rest with- 
out typical physiologic or hemodynamic precipitants 
such as pain, fever, hypovolemia, hypotension, hypoxe- 
mia or hyperthyroidism. P-wave morphology was identi- 
cal to that in normal sinus rhythm, and heart rates 
demonstrated a normal diurnal variation as would be 
expected for sinus rhythm (Figure 1). Three of 8 patients 
who underwent radiofrequency current catheter modifi- 
cation of the AV node developed persistent palpitations 
associated with inappropriate sinus tachycardia after 
the radiofrequency modification procedure and consti- 
tute group I. The 5 patients who did not develop inappro- 
priate sinus tachycardia constitute group II. 

Data are expressed as mean and range. Comparisons 
of continuous variables between the 2 groups were per- 
formed using unpaired t tests; comparisons within each 
group were performed using paired t tests. Comparisons 
of discrete variables were performed using Fisher's exact 
test. Significance was defined as p <0.05. 

The mean age for patients in group I was 48 years 
(range 26 to 64). The mean age for patients in group II 
was 44 years (range 33 to 79). Clinical characteristics did 
not differ significantly between the 2 groups (Table I). 
The mean baseline heart rates were 85 beats/min (range 
74 to 92) for group I, and 79 beats/min (range 66 to 93) 
for group II. At baseline electrophysiologic testing, sinus 
cycle length, PR interval, AH interval, AV node Wencke- 
bach cycle length and effective refractory period, and 


TABLE I Clinical Characteristics and Electrophysiologic Variables for Patients Undergoing Atrioventricular Node Modification 


Medical 
History 


Baseline HR, 
Mean (range) 


88 (84-90) 
92 (79-108) 
75 (65-88) 
70 (60-78) 
79 (64-96) 
77 (67-91) 
73 (55-90) 
93 (75-101) 


Pre-Procedure 
Medications 


Age (yr) 


ST &Sex 


MVP, MR 
DM, HTN, CAD 
MVP 


VER, QUIN 
VER, DISO 
DIG, BB 
VER 
VER 
VER 


VER 


Post-Procedure 
PR (ms) 


Number of RF Pre-Procedure 
Applications PR (ms) 


Post-Procedure HR, 
Mean (range) 


101 (94-144) 
110 (100-150) 
95 (78-116) 
85 (62-100) 
91 (81-104) 
78 (64-96) 
54 (44-83) 
86 (69-97) 


BB = B blocker; CAD = coronary artery disease; DIG = digoxin; DISO = disopyramide; DM = diabetes mellitus; HR = heart rate; HTN = hypertension; MR = mitral regurgitation; 
MVP = mitral valve prolapse; PR = PR interval; QUIN = quinidine; RF = radiofrequency; ST = sinus tachycardia; VER = verapamil. 
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ventriculoatrial block cycle length did not differ signifi- 
cantly between the 2 groups. 

One patient in group I, and 2 in group II underwent 
2 modification procedures for successful treatment of 
AVJRT; however, total procedural time did not differ 
between the 2 groups. Mean voltage and current, as well 
as mean duration of radiofrequency energy application 
did not differ significantly between the 2 groups. The only 
procedural difference between the 2 groups was mean 
number of radiofrequency applications (35 [28 to 41] for 
group I vs 23 [20 to 30] for group II; p = 0.02). 

Immediately after the modification procedure, 3 pa- 
tients developed palpitations at rest associated with sinus 
tachycardia on cardiac monitoring. Patient 1 had heart 
rates at rest ranging from 103 to 144 beats/min, patient 2 
had them at 110 to 146 beats/min, and patient 3 had 
them at 88 to 116 beats/min. Mean heart rate for group I 
during this period was 103 beats/min. Mean heart rate 
for group II during the same period was significantly 
lower (78 beats/min, range 46 to 114; p <0.01). In both 
groups, all patients were afebrile and normotensive with- 
out evidence of orthostatic hypotension, and no patient 
had a change in hematocrit >2% from baseline values. In 
group I, all patients had normal arterial blood gas mea- 
surements and normal thyroid function tests. Two of the 
3 patients in group I underwent 24-hour urinary collec- 
tions for metanephrines (which were normal). 

Treatment with intravenous 6-blocker therapy was 
initiated 48 to 56 hours after the onset of palpitations in 2 
of the 3 patients who developed inappropriate sinus 
tachycardia. In both cases, this treatment resulted in 
slowing of heart rates and in at least partial resolution of 
symptoms. Both patients were discharged on daily ateno- 
lol, but continued to have infrequent palpitations with 
minimal exertion. Holter monitoring obtained 4 to 6 
weeks after the procedure revealed episodes of sinus 
tachycardia that corresponded to palpitations in all 3 
patients. Patient 1 had heart rates up to 114 beats/min 
(mean 88) with minimal physical exertion, patient 2 up to 
108 beats/min (mean 92), and patient 3 up to 156 beats/ 
min (mean 86) (Figure 1). No evidence of supraventricu- 
lar tachycardia was noted in these studies. In clinical 
follow-up since that time (mean 9 months), episodic pal- 
pitations decreased in frequency and duration in all 3 
patients. However, attempts to wean -blockers were un- 
successful, because of recurrence of palpitations. 

At electrophysiologic testing 2 to 4 months after the 
modification procedure, sinus cycle length, PR interval, 
AH interval, AV node Wenckebach cycle length and 
effective refractory period, and ventriculoatrial block cy- 
cle length did not differ significantly between the 2 
groups. There was significant PR interval prolongation 
compared with at baseline in group I (Table J). In 1 
patient in group I (patient 2), AVJRT was induced at the 
follow-up study with double-atrial extrastimuli during 
isoproterenol infusion. 

Sinus cycle length, corrected sinus node recovery time 
and chronotropic response to isoproterenol were similar 
in both groups at follow-up testing. For group I, mean 
sinus cycle length at baseline was 702 ms (range 585 to 
800) and decreased to 465 ms with isoproterenol; mean 
corrected sinus node recovery time was 165 ms (range 


150 to 195). For group II, mean sinus cycle length at 
baseline was 824 ms (range 715 to 1,030) and decreased 
to 528 ms with isoproterenol; mean corrected sinus node 
recovery time was 123 ms (range 95 to 210). The intrinsic 
heart rate was determined in 1 patient from group I 
(patient 2). Intravenous propranolol administered alone 
increased the sinus cycle length to 640 ms from a baseline 
of 585. After the administration of intravenous proprano- 
lol and atropine, sinus cycle length decreased to 610 ms. 
Thus, the intrinsic heart rate was 98 beats/min. The 
predicted intrinsic heart rate for this patient (aged 55 
years), determined using the method of Jose and Taylor,® 
was 86 + 16 beats/min. 

Inappropriate sinus tachycardia after radiofrequency 
modification of the AV node has not been previously 
reported as a complication of this procedure. However, in 
a series of patients undergoing radiofrequency modifica- 
tion of the AV node reported by Lee et al,? one patient 
who had a successful AV nodal modification underwent 
complete His bundle ablation for what was thought to be 
preexisting inappropriate sinus tachycardia. Although si- 
nus tachycardia may have been a preexisting condition in 
this patient, the differentiation of symptoms due to inap- 
propriate sinus tachycardia from those due to AVJRT 
may be extremely difficult. Thus, it is possible that sinus 
tachycardia developed only after the AV nodal modifica- 
tion procedure. 

In our study, there appears to be an association be- 
tween inappropriate sinus tachycardia and increased 
number of applications of radiofrequency energy in the 
region of the AV node. The relatively large number of 
applications of energy present in both groups is a manifes- 
tation of the energy titration technique that we used. For 
example, successive applications of 30, 40 and 50 V at the 
same catheter position were counted separately. This 
technique was used to minimize the risk of complete AV 
block resulting from radiofrequency energy application. 
Despite the relatively large number of energy applica- 
tions in both groups, patients who developed sinus tachy- 
cardia received significantly more applications of radio- 
frequency energy during the modification procedure. Be- 
cause of the small number of patients we cannot exclude a 
gender difference in the susceptibility to inappropriate 
sinus tachycardia. 

The mechanism of inappropriate sinus tachycardia 
after radiofrequency modification of the AV node is un- 
known. It is unlikely that the radiofrequency modifica- 
tion procedure induced direct damage to the sinus node, 
because this structure is remote from the site of ablation. 
This is confirmed by the normal sinus node recovery 
times in both groups. Therefore, it is likely that the sinus 
tachycardia is secondary to autonomic influences on the 
sinus node. Although the precise anatomy of the para- 
sympathetic nerve supply to the human heart remains to 
be defined, extensive work has been performed in canine’ 
and bovine® hearts. From this and other studies,*!° it is 
known that postganglionic parasympathetic fibers course 
through the region of the AV node to innervate the sino- 
atrial node. It is possible that radiofrequency lesions in 
the region of the AV node may result in damage to these 
fibers and decrease parasympathetic control of sinus ac- 
tivity. In the patient in whom the intrinsic heart rate was 
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_ determined, the addition of atropine to the propranolol- 
treated heart only minimally changed the sinus cycle 
length (640 to 610 ms). This is consistent with some 
_ decrease in vagal effect on the sinus node. 
_. Analternative hypothesis is that effective sympathetic 
_ tone at the sinoatrial node is increased. It is possible that 
the atrial injury produced by radiofrequency energy can 
cause the same increase in 8-adrenergic receptor density 
‘that is seen in myocardial ischemia.!! Furthermore, it is 
_ possible that the atrial injury produced by the radiofre- 
‘quency modification procedure induces the local release 
-of adrenergic neurotransmitters without producing sys- 
temically detectable levels. However, it seems unlikely 
that limited atrial injury would produce a sustained in- 
crease in 6-adrenergic receptor density or sustained local 
release of neurotransmitters. 

Another potential explanation for inappropriate sinus 
tachycardia in these patients is that they had preexisting 
paroxysmal sinus tachycardia unrelated to radiofrequen- 
cy ablation, which was revealed by discontinuation of 
antiarrhythmic medications. However, this seems unlike- 

~ Jy because: (1) no history of paroxysmal sinus tachycar- 
dia was noted before the initiation of drug therapy, and 
‘(2) paroxysmal sinus tachycardia is a rare disease and its 
coexistence with AVJRT seems even more improbable. 
In this report, the only technique used for AV junc- 
tional modification was the anterior or fast pathway ap- 
. proach. It is not known if inappropriate sinus tachycardia 
may also develop when the posterior or slow pathway 
approach is used, nor is it known if improvements to the 
`- procedure will affect the development of this potential 
complication. 
= Thus, 3 of 8 patients who developed symptomatic, 
inappropriate sinus tachycardia after radiofrequency cur- 
„rent catheter modification of the AV node were present- 
ed. This is the first report of this complication. The symp- 
toms ranged from mild to debilitating palpitations and 






often needed treatment with 8 blockers that are effective 
in controlling symptoms. It appears that in most patients 
the inappropriate sinus tachycardia may resolve over a 
prolonged time period, but may remain as a significant 
long-term problem needing treatment. It appears as if 
autonomic dysfunction may have an important role in the 
etiology of this complication; however, the role of other, 
unexplained factors cannot be excluded. Continued fol- 
low-up will be needed to establish the natural history of 
this complication, and further work is needed to elucidate 
its cause. 
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Determinants of Impedance During Radiofrequency Catheter Ablation 


in Humans 


Mark Borganelli, mD, Rafel El-Atassi, MD, Angel Leon, MD, Steven J. Kalbfleisch, MD, Hugh Calkins, MD, 


Fred Morady, MD, and Jonathan J. Langberg, MD 


adiofrequency catheter ablation has become the 

‘treatment of choice for selected patients with parox- 
ysmal supraventricular tachycardia due to atrioventricu- 
lar node reentry or the Wolff-Parkinson-White syn- 
drome.'-3 Despite encouraging results described in sever- 
al series, the optimal energy delivery strategy has not 
been defined. Lesion formation occurs during radiofre- 
quency ablation as the result of resistive heating at the 
electrode-tissue interface. The magnitude of heat gener- 
ation is proportional to power density at the point of 
contact.’ Electrosurgical units currently being used for 
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radiofrequency ablation have a-low source impedance 
and therefore approximate constant. voltage sources. 
With such a device, one preselects.a given output voltage. 
Applied power is proportional to the square of this output 
voltage and is inversely proportional to the load imped- 
ance imposed by the ablation catheter, patient and indif- 
ferent electrode. Thus, the effectiveness of any given en- 
ergy application may be influenced by the impedance of 
the system. This study characterizes impedance during 
radiofrequency catheter ablation in humans, and defines 
the relation between clinical and ablation parameters, 
and measured impedance. 

Twenty-seven patients (15 men [55%], mean age 42 
+ 19 years) undergoing radiofrequency catheter abla- 
tionin July and August 1991 were included in this study. 
The procedure was performed using a protocol approved 
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TABLE i Characteristics of Patients Undergoing Radio- 
frequency Catheter Ablation 


& Sex 


Patient Disease Diagnosis Ablation Site 











1 15° (8) WPW Right posterosental 
2 17E 0 WPW Right anteroseptal 
3 17% ie) WPW Left posterolateral 
4 1818 0 WPW Right posteroseotal 
5 19M Q WPW Left lateral 
6 1% 0 WPW Mid-septal 
7 26F 0 WPW Right posteroseptal 
8 30F 0 WPW Right posteroseptal 
9 32m 0 WPW Right anteroseptal 
10 33F 0 WPW Left lateral 
ti 38M 0 WPW Left posterolateral 
12 38M 0 WPW Left lateral 
13 41M 0 WPW Right anterolateral 
14 4iF 0 WPW Right anteroseptal 
15 46M 0 AVNRT Fast pathway 
16 47F ie) AVNRT Slow pathway 
17 48M 0 AVNRT Slow pathway 
18 49M 0 WPW Left anterior 
19 55M 0 WPW Left posteroseptal 
20 56F 0 WPW Right anteroseptal 
21 65F 0 WPW Right anteroseptal 
22 66F 0 AVN ablation His bundle 
23 70M Q WPW Left lateral 
| 24 5a CAD AVN ablation His bundle 
| = i25 5M- .CAD:CABG AVN ablation His bundle 
26 67F CAD AVNRT Fast pathway 
| f 27 TEM CAD:CABG VT Left ventricle 


j "AVN = atrioversvicular node; AVNRT = atrioventricular nodal reentrant tachycardia; 
“CABG = coronaryartery 


pass graft; CAD = coronary artery disease; VT = ventricular 


tachycardia; wees = Wolff-Parkinson-White syndrome. 





by the bimar ‘esearch committee of the University of 
Michigan Medical Center, and all patients gave in- 
formed written consent. Clinical characteristics of this 
_ cohort are listed in Table I. Structural heart disease was 
present in 4 patients. Catheter ablation of an accessory 
atrioventricular connection was performed in 19 pa- 
tients, ablation of the atrioventricular junction in 3, and 
atrioventricular nodal modification for treatment of typ- 
ical atrioventricular node reentry tachycardia in 4. Pa- 


BODY SURFACE AREA (M2) 


100. 116 


IMPEDANCE (Ohms) 


FIGURE 1. Relation between body surface area and imped- 
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tient 21 had an attempt at ablation of microreentrant — 
ventricular tachycardia i in the inferobasilar aspect ofthe 
left ventricle. 

The power source used inthis study supplied acon- © 
tinuous, unmodulated output at 500 KHz (EP Technol- 
ogies, Inc., Mountain View, California). This device, 
through an interface with a microcomputer (T-1600, 
Toshiba Electronics, Japan), measures, displays and 
stores root-mean-square voltage, current, power and im- 
pedance during each energy application. To prevent con- 
tinued current flow after coagulum formation, the device 
automatically discontinues power delivery if impedance 
is >300 ohms. 

Electrode catheters from 2 manufacturers (Mans- 
field Scientific, Watertown, Massachusetts, and EP. 
Technologies) were used for ablation. Both catheters. 
had deflectable shafts that were 7Fr in diameter, as well 
as large (4 mm in length) distal electrodes. Radiofre- 
quency energy was applied between the distal electrode 
of the ablation catheter and a large surface area adhesive 
skin electrode (Valleylab, Boulder, Colorado) placed 
over the left scapula. Techniques for positioning the ab- 
lation catheter were described previousiy.!35 For inter- 
ruption of atrioventricular conduction, the catheter was 
advanced across the tricuspid annulus and manipulated 
to record the largest His electrogram. Ablation of right 
free wall and septal accessory pathways was performed — 
by introducing the catheter in the femoral vein and posi- 
tioning it at a site on the tricuspid annulus with a short. 
local atrioventricular or ventriculoatriai activation time, ` 
or both. A retrograde aortic approach was used for left 
free wall accessory pathways. The catheter was posi- 
tioned on the ventricular side of the mitral annulus at the 
site of earliest activation. 

The location of the ablation catheter, energy delivery 
parameters (including voltage, current, power, duration 
and impedance) and electrophysiologic effects of every: 
radiofrequency application were recorded in all 27 sub- 
jects. To determine if impedance was influenced by the 
size of the patient, body surface area was calculated for 
each patient using the formula of Dubois.’ To define the 
relation between lung volumes and impedance, forced 
vital capacity was measured within 24 kours of catheter 
ablation in 18 subjects using a precision handheld spi- 
rometer (Boehringer Laboratories, Germany). 

The relation between clinical and ablation parame- 
ters, and impedance was analyzed using multivariate 
regression. A value <0.05 was considered statistically 
significant. 

In all, 257 applications of radiofrequency. energy 
were delivered during the course of catheter ablation in - 
the 27 patients. Mean impedance was 100 + 10-ohms 
(range 77 to 132). There was a significant, direct correla» 
tion between body surface area and impedance (r? = 
0.44, p = 0.0001; Figure 1). Forced vital capacity was 
also independently predictive of impedance ee 0.39, p 

= 0.03). 

Neither age nor gender correlated with impedance. 
Impedance during applications that produced conduc- 
tion block was slightly but significantly less than during 
ineffective applications (98 + 9 vs 101 + 10 ohms; 
p= 0.01). Applied power did not appear to affect im- 

















dance, nor was there a di ifference in impedance be- 
__ tween applications in the right heart and those in the left, 
nor between the 2 types of ablation catheter used. 
__Impedance during radiofrequency catheter ablation 
in humans i is variable, with a range of 55 ohms noted in 
- this study. Impedance was directly proportional to body 
__ surface area and forced vital capacity. Impedance was 
_ significantly less during radiofrequency applications that 
_ were successful compared with during ineffective appli- 
_ cations. No other clinical or energy delivery parameters 
appeared to affect impedance, nor did the 2 types of 
_ ablation catheters used in this study differ significantly. 
The volume of a resistive medium interposed between 
~ 2 electrodes is proportional to the impedance to alternat- 
ing current flow. The larger the body surface area, the 
-greater the amount of tissue between the ablating and 
indifferent skin electrodes. The relation between body 
size and transthoracic impedance during defibrillation? is 
‘consistent with this hypothesis. 
<- Astudy of radiofrequency ablation in the left ventricle 
„in experimental animals showed significantly higher im- 
_ pedances when a conventional distal electrode (2 mm in 
length, 12.6 mm? in surface area) was used compared 
with a large distal one (3 mm in length, 18.9 mm? in 
‘surface area).° The similar mean impedance values seen 
with the 2 different types of ablation catheter in the 
current study probably reflect the fact that distal elec- 
“trode surface areas were the same. 
Impedance during successful radiofrequency energy 
applications was slightly but significantly lower than dur- 
ing unsuccessful applications. Studies in animals, and a 
_ recent clinical report from our laboratory show that tissue 
heating causes impedance to decrease.'° This tempera- 
ture dependence may also explain why effective applica- 
-tions were associated with a lower mean impedance, be- 
cause some ineffective applications may have been the 
result. of inadequate heating. 
~ [tis well known that phasic changes in lung volume 
with respiration produce corresponding fluctuations in 
transthoracic impedance. This phenomenon has been 
used to estimate minute ventilation in activity pacemak- 
ers, and for apnea monitoring with cutaneous elec- 
-_trodes.'!!-'3 The influence of vital capacity seen in this 
„study suggests that the volume of lung parenchyma be- 
‘tween the endocardial and indifferent electrodes also sig- 
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nificantly affects impedance to current flow during radio- 
frequency catheter ablation. 

The results of this study suggest that the size of the 
patient can significantly affect impedance during radio- 
frequency ablation, which may in turn impact on the 
adequacy of lesion formation. For example, 60 V applied 
to a small patient in whom the impedance is 90 ohms 
would result in delivery of 40 W. In contrast, 60 V applied 
in a larger patient in whom the impedance is 120 ohms 
would result in delivery of only 30 W. Therefore, if a 
constant voltage radiofrequency generator is used for 
catheter ablation, the output voltage may need adjust- 
ment commensurate with the impedance of the patient. 
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Preexcitation 


Fabrizio Drago, MD, Attilio Turchetta, 
Antonella 


vo preexcitation can be associated with 
symptomatic supraventricular tachyarrhythmias 
that can appear at rest and during exercise. In adults, 
transesophageal atrial pacing has been shown to be an 
effective method to induce supraventricular tachyar- 
rhythmias and to evaluate the degree of risk in this syn- 
drome.!? In Italy, this procedure (mandatory by law) is 
used at rest and during exercise in competitive athletes to 
induce atrial fibrillation and to predict its degeneration 
into ventricular fibrillation by the shortest RR interval 
between preexcited beats.’ In the pediatric field, children 
have undergone transesophageal atrial pacing at rest. In 
this study, we assessed the efficacy of transesophageal 
atrial pacing in the detection of atrial tachyarrhythmias, 
and for the effectiveness of therapy at rest and during 
exercise in children with and without evidence of arrhyth- 
mias on routine tests as a possible alternative to invasive 
electrophysielogic studies. 

Between November 1989 and November 1991, we per- 
formed transesophageal atrial pacing at rest and during 
exercise in 21 consecutive children aged >6 years with 
ventricular preexcitation. The study was not completed in 
3 patients, because of a lack of cooperation. Eighteen 
children (mean age 11 + 2.6 years, range 7 to 15) with 
surface electrocardiographic features of ventricular 
preexcitation were studied. One patient with mild Eb- 
stein's anomaly, palpitations at rest and dizziness during 
effort was admitted to the hospital with supraventricular 
tachycardia, All other patients had no evidence of ar- 
rhythmias on resting electrocardiography, Holter moni- 
toring, maximal exercise testing, chest x-ray or ecaocar- 
diography. Five patients had sustained (>30) palpita- 
tions at rest, 2 had sustained palpitations at rest plus 
infrequent episodes of dizziness during effort, 1 had an 
episode of syncope during physical activity, and 10 were 
asymptomatic. All patients underwent transesophageal 
atrial pacing at rest and during exercise after written 
informed consent was obtained from parents. 

All patients were studied using the following proto- 
col: (1) introduction of the catheter from the nose into 
the esophagus during bipolar recording to the position 
where the maximum amplitude of the atrial potential 
was recorded; (2) determination of atrial pacing thresh- 
old using a stimulus duration of 10 to 13 ms (to ensure 
consistent atrial capture, stimulation was performed 
with an amplitude 20 to 30% higher than at threshold); 
(3) stimulation at rest with 1, 2 or 3 premature stimuli 
after 8 stimuli at cycle lengths of 600, 450 and 350 ms, 
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respectively; (4) stimulation at rest with bursts of stimuli 
at decreasing cycle lengths (decreasing 50 ms every 5 
seconds, from 600 to 150 ms); (5) maximal upright 
bicycle exercise stress testing (James protocol)“; and 
(6) stimulation with decreasing cycle length pacing (de- 
creasing 50 ms every 5 seconds, from 300 to 150 ms) at 
the maximum heart rate previously reached during nor- 
mal exercise testing. 

After 5 half-lives of propafenone (15 mg/kg/day) was: 
initiated, the protocol was repeated in a patient with 
severely symptomatic tachyarrhythmia induced by the 
initial transesophageal atrial pacing. Stimulation and 
recording were performed with a 10Fr quadripolar cath- 
eter with interelectrode distances of 20 mm between the 2 
proximal electrodes, and 25 mm between the 2 distal 
ones (Medtronic SP.7505). Only the distal electrodes 
were used for pacing. A transesophageal stimulator 
(SEP 3 Bioelectronica) that can deliver pulses of 20 ms 
duration and 50 mV amplitude, with a maximum rate of 
400/min was used for stimulation. A Siemens Cardiostat 
3 was used for recording. Ail exercise testing was per- 
formed on a bicycle ergometer (Mijnhardt KEM2). 
Complete ecardiorespiratory resuscitation equipment ` 
was available. All patients were fasting for Z3 hours 
and had a peripheral intravenous line in place during the 
study. 

Five control subjects (mean age 9.3 years, range 7 to 
15) were also tested by transesophageal atrial pacing 
using the same protocol. These patients had palpitations 
of <5 seconds, which justified transesophageal atrial . 
pacing, but no other abnormality on the same routine 
tests as the study group. 

The procedure was well-tolerated by each patient. 
Atrial capture was achieved at rest by an average im- 
pulse voltage of 20 mV (range 14 to 25) and by an average 
impulse duration of 11.6 ms (range 10 to 16), and similar 
stimuli were always effective during exercise. Transe- 
sophageal atrial pacing at rest produced sustained epi- 
sodes of supraventricular tachycardia in 6 patients (5 with 
palpitations, and I with no symptoms), and an asymp- 
tomatic, nonsustained episode of atrial flutter (2:1 and 3:1 
conduction through the atrioventricular node) in 1. In 1 
patient we induced an asymptomatic, sustained atrial 
flutter (2:1 conduction through the atrioventricular node 
and after 2 minutes through the anomalous pathway) 
after a short episode of atrial fibrillation. Asymptomatic 
atrial fibrillation was induced in 6 patients (sustained in 
3, and very short in 3). Cardioversion was not necessary in 
any patieni, with each episode stopping spontaneously. 
During exercise, 2 patients with inducible supraventricu- 
lar tachycardia and palpitations at rest developed supra- 
ventricular tachycardia with higher heart rates, shorter 
ventriculoatrial intervals, and dizziness. One patient had 
presyncope with the induction of sustained atrial flutter, 
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: with I :1 conduction through the atrioventricular node, but 
-had a spontaneous resolution. In this patient, transesoph- 
: _ageal atrial pacing after initiation of propafenone therapy 






induced the same atrial flutter, but the patient was 
_ asymptomatic because of 2:1 conduction. Four patients 
had asymptomatic atrial fibrillation (sustained in 2, and 
- not sustained in 2). No atrial tachyarrhythmia was induc- 
ible in the control group either at rest or during exer- 
cise. 
~ In the past ten years, various reports describing the 
: correct use and efficacy of transesophageal atrial record- 
“ing and pacing in the diagnosis and management of recip- 
‘rocating atrioventricular tachycardia,- as well as 1 study 
evaluating the degree of risk for adults with ventricular 
palpitations were published.} In children, transesophageal 
‘atrial pacing has been used for acute termination of recur- 
rent atrial tachycardia,” for diagnosis of tachyarrhyth- 
mias,'!:!2 for treatment of supraventricular tachycardia! 
and for a study of the development of supraventricular 
tachycardia in the first year of life.!4 
‘Other studies found that supraventricular tachycar- 
. dia or other atrial tachyarrhythmias are inducible only 
in a low percentage of children with ventricular palpi- 
tations during maximal exercise testing.!? Further- 
= more, the spontaneous induction of atrial tachyar- 
rhythmias in children with ventricular palpitations oc- 
curs infrequently, and sudden death has occurred only 
in patients with associated congenital heart disease or 
during digoxin treatment.'®!7 However, atrial flutter 
or fibrillation seem to be inducible during electrophysi- 
logic studies in about 20% of these patients.'° 
“Tnour study, transesophageal atrial pacing at rest and 
_ during exercise was safe and tolerated by 86% of patients. 
No patient had any damage of the esophagus. Cardiorespi- 
ratory resuscitation equipment was not necessary. Transe- 
_sophageal atrial pacing was effective in revealing the cause 
of symptoms in most patients, reproducing in the laborato- 
ty the same conditions that caused spontaneous induction 
of supraventricular tachycardia during normal activities. 
In the 2 patients with palpitations at rest, and dizziness 
-during effort, transesophageal atrial pacing was effective 
in revealing that the same supraventricular tachycardia 
was responsible for the 2 different symptomatologies. We 
- believe that this is owing to the influence of adrenergic tone 
‘on the conduction and refractoriness of the reentrant cir- 
< cuit, and to the rate-dependent conduction of the accessory 
~ pathway.'! The patient who had syncope during play, and 
: presyncope during testing had the etiology of his symptoms 
revealed only by transesophageal atrial pacing at peak 
exercise. Furthermore, in this patient, transesophageal 
~ atrial pacing was also effective in the evaluation of the 
efficacy of propafenone therapy. The absence of induction 
of atrial tachyarrhythmias in the control group confirms 
the selectivity of transesophageal atrial pacing. Transe- 
-sophageal atrial pacing at rest induced supraventricular 
tachycardia in 3 of 5 patients with palpitations during 
normal activity. In the other 2 patients, transesophageal 
atrial pacing at rest could not induce supraventricular 
tachycardia, presumably because of a long refractory peri- 
od of the atria. In this study, atrial fibrillation or flutter in 
-patients without syncope was induced in 44% at rest and in 
22% during exercise, and there was no significant differ- 











ence between those with rate-dependent and with stable 
ventricular preexcitation. Moreover, atrial fibrillation was 
inducible only at rest in some patients, and only during 
exercise in others. We believe it is necessary to examine a 
larger number of patients to speculate about these data, 
but we suspect this difference may be due to the individual 
adrenergic response profiles of the atrial myocardium. 

In conclusion, transesophageal atrial pacing at rest 
and during exercise is an important diagnostic tool in 
the evaluation of children with ventricular preexcita- 
tion. The use of exercise in an upright position can be 
effective in the diagnosis of symptomatic atrial ta- 
chyarrhythmias during effort and is more physiologic 
than the use of sympathomimetic drugs.'*!9 Transe- 
sophageal atrial pacing should not be considered an 
alternative to invasive electrophysiologic studies, but 
can significantly enhance the noninvasive evaluation of 
children with tachyarrhythmias. 
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Mono- Versus Double-Balloon Technique for Commissural Splitting 
After Percutaneous Mitral Valvotomy 
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-ercutaneous mitral valvotomy (PMV) using either 

the doudle-balloon or Inoue’s monoballoon tech- 
nique is an accepted therapeutic alternative for the treat- 
ment of selected patients with severe mitral stenosis.'2 
Preliminary in vitro studies suggested commissural split- 
ting as the principal mechanism of mitral valve area 
increase with both techniques.> Echocardiographic stud- 
ies also have demonstrated commissural splitting after 
double-balloon PMV," but the degree of splitting in rela- 
tion to the technique used has not been previously de- 
fined. 

Commissural splitting was prospectively evaluated in 
136. subjects with technically adequate echocardio- 
graphic recordings from a total of 173 consecutive pa- 
tients (79%) who underwent PMV at our institution from 
February 1989 to January 1991. Inoue’s monoballoon 
technique was used in 100 patients (group A), and the 
double-balloon technique in 36 (group B). The tech- 
niques used for mono- and double-balloon PMVs have 
been previously described? Commissural fusion and 
the degree of commissural splitting after PMV were 
analyzed (3.5 MHz transducer) in the parasternal short- 
axis view at mitral valve level by an experienced echocar- 
diographer unaware of the results of PMV. Complete 
splitting of 1 commissure was defined as opening of the 
commissure to the mitral annulus, and incomplete split- 
ting as partiel opening of a previously fused commissure. 
Thus, commissural splitting was graded 0 to 2 (no.com- 
missures opened = 0, 1 partially or totally opened = 1, 
complete splitting of 1 and incomplete of the other = 1.5, 
and complete splitting of both commissures = 2). Mitral 
valve area was calculated by the Gorlin formula before 
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[ TABLE | Baseline Characteristics a 
Group A Group E 
{n = 100) (n = 36) = 
Age (year) 5} 13 49 +146 
Women/mea 80/20 28/8 
Functional dass > ili 55 (55%) 12 (33%}* 
Atrial fibrillation 62 (62%) 16 (44%) 
Prior surgere 16 (16%) 41%) 
Total-score 78+1.8 8.0425 
Calcium 1.7 +08 1821) 
Subvalyuar disease 212407 2.2 + 07 
Thickening 2.3407 21407 
Mobility 162 0.6 2.0 +05 
Gradient (mim Hg) 14+6 16 +5 
Cardiac index (Limin/m?) 2.28 + 0.51 2.53 + 0.65 
Mitral valve area (crm?) 0.90 + 0.20 0.94 + 6.21 
% <6.025, 
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and after the procedure. Balloon diameters were chosen 
according to body surface area (<1.5 m°: 26 or 18 + 18 
mm; 1.5 to 1.7 m°: 28 or 18 + 20 mm; and >1.7 m°: 30 or 
20 + 20 mm, for mono- and double-balioon techniques, 
respectively). Data are presented as percentage and 
mean + SD. Chi-square and Student's t tests, and analy- 
sis of variance were used when appropriate. A p value 
<0.05 was considered statistically significant. 

Baseline clinical, echocardiographie and hemody- 
namic characteristics of both groups were similar (Table 
I), but group A patients were more symptomatic. Suc- 
cessful PMV (mitral valve area increase 250%) was 
achieved in 93% of group A and 97% of group B patients 
(p = not significant [NS]). After monoballoon PMY, 
mitral valve area increased from 0.90 + 0.20 to 1.83 + 
0.43 cm? (p <0.0001), and mean mitral gradient de- 
creased from 14.5 + 5.9 to 4.9 + 2.3 mm Hg {p 
<0.0001). After double-balloon PMV, mitral area in- 
creased from 0.94 + 0.21 to 1.97 + 0.47 cm? (p 
<0.0001), and mean mitral gradient decreased from 
15.1 £ 5.1 to 5.4 + 2.3 mm Hg {p <0.0001). No differ- 
ences were found in mitral valve areas and gradients 
before or ajter PMV in the 2 groups. After PMV, 9 
patients (7%) had no commissural splitting (4 for mitral 
leaflet rupture requiring surgery, 3 for inability to cross 
valve, and in 2 the balloon did not dilate the valve). 
Splitting of 1 commissure was achieved in 46 patients 
(34%) in whom the mitral vaive area increased from 0,89 
+ 0.21 to 1.80 + 0.40 cm? (p <0.0001). Grade 1.5 com- 
missural splitting was seen in 43 patients (32%), with an 
increase in mitral valve area from 0.94 + 0.20 to 1.93 +... 
0.46 cm? (p <0.0001). Complete splitting of both com- 
missures occurred in 38 patients (28%), with mitral 
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116+36% 





FIGURE A Semoactons inst vave araa rana (ox: 
pressed as percentages) in with 1 (grade 1), 1 and 
part of the other (grade 1.5), and both (grade 2) commissures 
i a a valvotomy. 
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valve area increasing from 0.93 + 0.16 to 2.02 + 0.35 
cm? (p <0.0001). Although splitting of 1 commissure 
was sufficient to achieve successful PMV, the increase in 
mitral valve area was larger in those patients with grade 
1.5 commissural splitting, and even larger in those with 
splitting of both commissures (Figure 1). The degree of 
commissural splitting related to the technique used is 
listed in Table II. Splitting of both commissures tended 
to occur more frequently with the double-balloon tech- 
nique, but splitting of >1 commissure was similar with 
both techniques (61 vs 56%, p = NS). The ratio of bal- 
loon effective dilating area to body surface area, (mea- 
sured as previously described)’ was similar in both 
groups and was not related to the degree of commissural 
splitting (Table III). The incidence of mitral regurgita- 
tion after PMV (increase >I/IV angiographic grades) 
was similar (9 vs 11%) in groups A and B, and again was 
not related to the degree of commissural splitting (4 of 
46 patients [9%] with grade 1 commissural splitting, 5 of 
43 [12%] with grade 1.5, and 2 of 38 [5%] with grade 2; 
p= NS). 

This echocardiographic study confirms that the mech- 
anism of mitral valve area increase after single- or dou- 
ble-balloon PMV is the splitting of fused commissures (as 
previously demonstrated in in vitro studies). Both tech- 
niques when performed in comparable patients provided 
similar success rates and final mitral valve areas. Further- 
more, the degree of commissural splitting obtained with 
both techniques was also similar, although the double- 
balloon technique tended to cause more frequently bi- 
commissural splitting. This may reflect a better orienta- 
tion of the 2 balloons with respect to the fused commis- 
sures during PMV. There is a limitation in the assessment 
of commissural splitting by 2-dimensional echocardiogra- 
phy (only possible in 79% of our patients), and we only 
used a qualitative score for commissural splitting. How- 
ever, we found a good correlation between the degree of 
commissural splitting and the gain in mitral valve area 
after PMV, with the largest increments being produced 
when both commissures were opened. Previous reports 
from surgical series showed good functional results after 
5-year follow-up of patients with only 1 commissure suc- 
cessfully opened.° In our experience, splitting of 1 com- 
missure is sufficient to achieve successful dilatation of the 
mitral valve (99 + 40% mitral valve area increment); 
however, splitting of both commissures achieves larger 
increments (116 + 36%) in mitral valve area. We did not 
analyze whether an asymmetric pattern of commissural 
thickening or calcification may influence the type and 
degree of commissural splitting. However, it would be 
tempting to speculate that in patients with asymmetrical 


TABLE II Commissural Splitting 


Commissural Group A Group B 
Splitting (n = 100) (n = 36) 















8 (8%) 1 (3%) 
31 (31%) 15 (42%) 
18 37 (37%) 6 (17%)* 
2 24 (24%) 14 (39%)t 
61 (61%) 20 (56%) 





* p <0.05; tp <0.1. 


TABLE III Balloon Effective/Dilating Body Surface Area 


Commissural 


Splitting Group A Group B 


3.99 + 0.25 
4.12 + 0.32 
3.95 + 0.20 














3.80 + 0.37 
3.96 + 0.40 
3.95 + 0.37 





commissural thickening, the objective of PMV may be 
just to open the less thickened commissure in an attempt 
to avoid procedural related complications. Our results 
also demonstrate that the degree of commissural splitting 
is not related to the development of mitral regurgitation 
after PMV. Inoue’s monoballoon technique (using appro- 
priate balloon sizes) provides similar results to the dou- 
ble-balloon technique concerning final mitral valve areas, 
although there is a tendency to produce less likely com- 
plete splitting of both commissures. Longitudinal studies 
involving large series of patients will be necessary to eluci- 
date the relative importance of the final mitral valve area 
and the degree of commissural splitting obtained with the 
procedure in the long-term outcome of patients undergo- 
ing PMV. 
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Role of Transesophageal Echocardiography in Diagnosis of Subaortic 


Aneurysm 


John Skoularigis, MD, Ehud Deviri, MD, Thomas Wisenbaugh, MD, Rafique Essop, MD, 


Shirley Middlemost, MD, and Pinhas Sareli, MD 


ongenital subaortic annular aneurysm is a rare con- 

dition that has most frequently been reported among 
black people.!:? Frequently, an accurate antemortem or 
presurgical diagnosis cannot be made because of the pe- 
culiar anatomic location of this lesion.!-4 Angiography 
may fail to show details important to the surgical ap- 
proach to the patient, and transthoracic echocardiog- 
raphy may also miss the diagnosis.’ Recently, it has 
been reported that transesophageal echocardiography 
(TEE) can define aortic annular abscesses more accu- 
rately than transthoracic echocardiography.® The present 
report summarizes our experience with subaortic aneu- 
rysm with emphasis on the role of TEE in the early 
diagnosis of subaortic aneurysm. 

All 7 patients described in this report were evaluated 
at Baragwanath Hospital in Soweto, South Africa. All 
were black Africans. In 3 patients the aneurysms were 
complications of valve replacement. In 1 of these 3 pa- 
tients there was infection on a native aortic valve treated 
with valve replacement; infection recurred on the pros- 
thesis and was complicated by aneurysm formation (4 
months postoperatively). In the other 2, the aneurysm 
occurred at the site of an aortic root transannular peri- 
cardial patch used to widen the aortic annulus at the 
time of aortic valve replacement 2 and 7 years postopera- 
tively. In 4 patients the aneurysms were determined to be 
congenital because there was no predisposing surgical or 
infective etiology. 

Each of the patients underwent biplane cardiac angi- 
ography. Left ventricular cineangiography was per- 
formed in those without an aortic prosthesis (30° right 
anterior oblique and 60° left oblique views). In those 
with an aortic prosthesis (n = 3), injection was per- 
formed in the pulmonary artery with late imaging of the 
levophase (anteroposterior and lateral views). Aortic 
root cineangiography was performed in all patients. 

Transthoracic echocardiography was performed in 
all7 patients, and TEE was performed in 6. All echocar- 
diograms were performed on a Hewlett-Packard Sonos 
500 or 1000 imaging system. The TEE probe was a 
single plane 5 MHz probe. For transthoracic echocardi- 
ography, cardiac structures were examined extensively 
in multiple standard and tilted parasternal long-axis 
views and apical 2- or 4-chamber views. For TEE, after 
giving informed consent, patients were given topical an- 
esthetic spray but no pharmacologic sedation. Standard 
transverse views were obtained. Images were recorded on 
video tape for playback analysis. 

Angiography demonstrated the presence of an aneu- 
rysm in all 7 patients. In 5 of 7 location of the origin was 
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seen on the angiogram as being below the aortic valve, 
but in 2 patients (both postaortic valve replacement), it 
could not be determined whether the aneurysm arose 
from above or below the valve because of the presence of 
paravalvular leaks. In none of the angiograms could the 
neck of the aneurysm be clearly identified. Transthorac- 
ic echocardiography correctly localized the level of the 
aneurysm (subaortic) in all 4 patients in whom the etiol- 
ogy was congenital. However, transthoracic echocardi- 
ography failed to localize the level of the origin of the 
aneurysm in 2 patients (both with aortic prostheses); in 
another patient, also with an aortic prosthesis, the pres- 
ence of the aneurysm was initially missed by transtho- 
racic echocardiography, and only was identified in retro- 
spect after angiography demonstrated an aneurysm. The 
neck of the aneurysm was clearly identified by transtho- 
racic echocardiography in only 2 patients, both of which 
were congenital in origin. TEE was not used to establish 
the diagnosis in 2 patients. In 1 patient, the diagnosis was 
clear from both the angiogram and transthoracic echo- 
cardiography, including the location of the neck of the 
aneurysm. In the other patient, the diagnosis of subaortic 
aneurysm was established at surgery, but TEE demon- 
strated the recurrence of subaortic aneurysm postopera- 
tively. Whenever TEE had been used (n = 6), it precisely 
located the neck of the aneurysm and its origin from the 
outflow tract. Figures 1 through 4 illustrate the potential 





FIGURE 1. Parasternal long-axis 2-dimensional echocardio- 
graphic image showing the presence of a subaortic aneurysm 
(AN) partially filled with clot posterior to the aorta (AO) and 
compressing the left atrium (LA). The neck of the aneurysm 
could not be identified on the transthoracic study. LV = left 
ventricle. 
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FIGURE 2. Right anterior oblique (left) and left anterior oblique 








k 
(right) cineangiograms of the same patient showing the aneu- 


rysm (AN) extending anterior and posterior around the aorta (AO). The neck of the aneurysm could not be identified. LA = left 


atrium; LV = left ventricle. 


superiority of TEE imaging in the evaluation of subaor- 
tic aneurysms. 

Subaortic aneurysm is an uncommon lesion that has 
mainly been reported among black Africans. !? However 
there are some reports showing it may occur as well in 
Europe, Haiti and in the Middle East.?67 It affects both 
sexes and has been reported in patients aged between 10 
days and 57 years.” The etiology was originally thought 
to be congenital but an infective etiology has also been 





FIGURE 3. Transesophageal echocardiographic imaging of 
the same patient in the short-axis view clearly shows the neck 
of the aneurysm as arising in the left ventricular outflow tract 
(LVOT) below the aortic valve (AOV). The aneurysm is lobu- 
lated and is partially filled with clot. LA = left atrium; RA = 
right atrium; RV = right ventricle. 


reported.!.2° In congenital cases, the defect is thought to 
be a weakness in the connective tissue comprising the 
trigone below the valve.':!° Such a congenital defect may 
also be responsible for submitral aneurysms, which have 
been reported more frequently.!* The presence of both 
congenital submitral and subaortic aneurysm has been 
reported in the same patient.! In this report, the lesion 
was presumed to be congenital in 4 patients since there 
was no other apparent etiology. In 1 patient the aneurysm 
was infective in etiology. In the other 2, the aneurysm 
occurred as a result of the use of a transannular pericardi- 
al patch. To our knowledge, this complication of aortic 
annulus widening for aortic valve replacement has not 
previously been reported. The neck of the aneurysm can 
be under any of the 3 aortic valve cusps.*:!° In our series it 





FIGURE 4. Transesophageal echocardiographic image of an- 
other patient clearly shows the neck of the aneurysm below 
the aortic valve (AOV) (arrow). LA = left atrium; RV = right 
ventricle. 
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was under the noncoronary cusp in 6 patients and under 
the left cusp in 1. The aneurysm itself can be circumfer- 
ential,’ extending posteriorly!” or anteriorly.? Aneurysms 
can produce secondary complications including sudden 
death due to rupture,* aortic incompetence (probably 
due to annular distortion), and compression of other 
structures such as the coronary arteries'~° or the pulmo- 
nary artery, as reported in 1 of our patients. The diagno- 
sis of subaortic aneurysms may be difficult because of 
their location and the fact that some are not associated 
with valve regurgitation or other clinically apparent ab- 
normalities. In the earlier reports the diagnosis was most 
often made at autopsy.'? In more recent reports, trans- 
thoracic echocardiography has been used to make the 
diagnosis, but in some cases, this procedure did not define 
the lesion. The presence of an aortic prosthesis may 
obscure the anatomic location of the neck of the aneu- 
rysm due to echogenic scatter. In all 3 patients with 
aortic prostheses, transthoracic echocardiography failed 
to define the subaortic location of the neck of the aneu- 
rysm. Angiography may define the presence of the-aneu- 
rysm, but may not identify the level of the neck of the 
aneurysm (i.e., whether it is annular, supravalvular or 
subvalvular’), especially where aortic incompetence or a 
paraprosthetic ring leak is present (contrast appears in 
both the left ventricle and aorta almost simultaneously). 
The presence of a prosthetic valve renders it difficult to 
perform left ventricular cineangiography. Although this 
limitation may be circumvented with a pulmonary injec- 
tion, this also may fail to show the origin of the aneurysm. 
The location of the neck of the aneurysm is important in 
the surgical approach to the patient. Although the ap- 


proach may be through an aortotomy, the surgeon 
should be informed if the aneurysm is below the valve 
where it may be more difficult to find, especially if an 
aortic prosthesis is present. Recently, Daniel et al* report- 
ed on the use of TEE in the diagnosis of periannular 
abscess formation in patients with aortic valve endocardi- 
tis. The diagnostic yield was better with TEE than with 
transthoracic echocardiography. Both the location of the 
neck of the aneurysm and the extent of the aneurysm 
were better defined with TEE than with transthoracic 
echocardiography. We have similarly found that TEE 
was superior to transthoracic echocardiography in evalu- 
ating this relatively rare lesion. 
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urrently, estrogen replacement therapy is widely 

used as a specific treatment for hypoestrogenie asso- 
ciated conditions such as vasomotor instability, genitouri- 
nary atrophy and osteoporosis. These conditions affect a 
substantial number of postmenopausal women.! The fa- 
vorable effects of estrogen replacement therapy on cardi- 
ac morbidity and mortality in postmenopausal women 
have usually been attributed to an improved lipid pro- 
file.” It is now accepted that other mechanisms, such as 
the direct effect of estrogens on coronary vasculature and 
atherosclerotic plaque, may also have an important role 
in cardioprotection.>-> Using Doppler echocardiography 
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we recently demonstrated a significant increase in aortic 
flow velocity and acceleration after 10 weeks of hormone 
replacement therapy.® These findings led us to investigate 
whether menopause and the related decrease in estrogen 
levels were associated with changes in Doppler-derived 
parameters of aortic flow. 

Postmenopausal women referred to our menopause 
clinic were prospectively evaluated by Doppler echocar- 
diography during the initial workup procedure. Meno- 
pausal state was confirmed by serum estradiol levels 
<10 pg/ml and follicle-stimulating hormone levels >30 
mlU/ml. The study group comprised 55 healthy women 
without evidence of cardiovascular, pulmonary or meta- 
bolic disease who were classified in 3 groups according to 
the time interval since menstruation had ceased: <6 
months (n = 10), 1 to 3 years (n = 29), and >5 years 
(n = 16). The mean ages for these 3 groups were 51, 52 
and 55 years, respectively (range 47 to 55, 46 to 57, and 
45 to 62, respectively; p = not significant). 
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ABLE t Heart Rates, Blood Pressures, Left Ventricular Dimensions and Doppler Echocardiographic Measurements of Aortic Flow ir: 























_ Postmenopausal and Young Women, and in Middie-Aged Men 
tae Postmenopausal Women 
ee Young Middle-Aged 
ee Women «<6 Months* 1-3 Years* > 5 Years* Men 
ee (n = 15) (n = 10) {n = 29) (n = 16) p Valuet (n= 31) 
| Heart rate (beats/min) 67 +6 6126 6645 69+7 NS 68+ 8 
ee Systolic blood pressure 11649 12228 11649 126+ 8 NS 128 + 10 
| om Hg) ; 
poe Diastolic blood pressure 817 8528 83+8 77 +6 NS 88 + 8 
rim Hg) 
-< End-diastolic dimension 4124 4243 44z4 4345 NS 4426 
ooo. (ram ye 
© 'End-systolic dimension 19+3 20+3 2143 21 t4 NS 2043 
cicim 
«Peak flow velocity (cm/s) 133 +27 136 + 25 119 + 14 102 + 17 <0.001 102 +9 
Flow velocity integral (cm) 21243 2125 1943 16 +4 <0.002 1b+2 
Ejection time (ms) 310 + 23 308 + 27 328 + 37 313 + 33 NS 283 + 13 
Acceleration time (ms) 92 + 10 99+ 8 99+ 8 96+8 NS 9546 
Mean. acceleration (m/s/s) 24 14423 1242 ll+2 <0.001 lll 
Since menopause onset, 
2 4 Comparing subgroups of postmenopausal women, 
pne lA owing to missing data. 
be NS = not significant. 


We performed a comparison of the Doppler results in 
these groups with those of a group of healthy young 
women (mean age 32 years, range 21 to 39) with normal 
menstruation, and also with those of healthy middle- 
aged men (mean age 52 years, range 46 to 57) undergo- 
ing annual medical checkup. 

chocardiography was performed from the supra- 
nal notch, using a wide-angled phased array Hew- 
kard Sonos 500 imaging system with a pulsed 
pler transducer. The following parameters were 
ed: peak flow velocity (midpoint of upper portion 
of Doppler signal at time of maximal velocity), accelera- 
tion time (time from onset of flow to peak velocity) and 
ejection time (time from onset until cessation of systolic 
flow). Flow velocity integral was internally derived by 
the imaging system. Mean acceleration was calculated 
as peak flow velocity/acceleration time. Detailed data 
concerning our Doppler technique and measurements 
were explained in a previous report from our laborato- 
ry.’ End-diastolic and end-systolic dimensions were de- 
rived from the M-mode echocardiogram. 

Analysis of variance and the Student's 2-tailed t tests 
for unpaired observations were used; p values <0.05 
were considered significant. 

-< Heart rates, blood pressures, left ventricular dimen- 
sion values and Doppler measurements are listed in Ta- 
ble I. There was a significant gradual decrease in peak 
flow velocity, flow velocity integral and mean accelera- 
tion related to the time interval after the onset of meno- 
pause. There were no intergroup differences in accelera- 
tion and ejection times. Women in the immediate post- 
menopausal period, and younger women with normal 
menstruation had similar Doppler-derived parameters. 
The results in middle-aged men corresponded to those in 
women >35 years after the onset of menopause (except 
ejection time, which was shorter). Heart rate, blood pres- 
sure and ventricular dimensions did not reveal signifi- 
cant differences between the groups. 













It has generally been thought that men and women of 
a similar age show no differences in Doppler-derived aor- 
tic flow parameters. However, flow velocity and accelera- 
tion gradually decrease with age in both sexes.8!> Fur- 
thermore, the findings of other investigators concerning 
alterations of cardiovascular hemodynamics in estrogen 
administration®!+-!6 Jed us to anticipate a possible associ- 
ation between an estrogen deficiency state (as in meno- 
pause) and hemodynamic changes specific to women. 
Based on our previous finding that hormone replacement 
therapy in postmenopausal women is accompanied by a 
significant increase in peak flow velocity, flow velocity 
integral and mean acceleration,® we concluded that 
menopause may be associated with the inverse changes. 
In fact, this study showed a gradual decrease in peak 
flow velocity, flow velocity integral and mean accelera- 
tion, which correlated with the time interval from onset 
of menopause. Furthermore, the group of women <6 
months after the onset of menopause appeared to main- 
tain the same Doppler values as those in younger women 
with regular menstruation. There are several explana- 
tions for these results: (1) The biological-cardiovascular 
effects of estrogens persist for several months after meno- 
pause despite very low plasma levels. (2) The hemody- 
namic changes secondary to the hypoestrogenic state de- 
velop slowly over a very long period of time. (3) During 
early menopause, estrogen levels may fluctuate, and the 
occasional increases in estrogen levels are sufficient for 
the maintenance of hemodynamic effects. throughout 
that period. 

Our data are important because gender differences in 
Doppler-derived parameters of aortic flow were not re- 
ported previously. This may have some bearing on the 
fact that previous studies included subjects within a rela- 
tively wide age range, and furthermore, the issue of 
menopause was not specifically addressed.*-!2 

Changes in Doppler-derived parameters of aortic flow 
may reflect not only contractility, but also variations in 
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: heart rate, and pre- and d afterloads. " Bea batt rate, 
blood pressure and ventricular dimension did not reveal 
signifi icant differences between our groups, the particular 
inotropic state of each group explains the differences in 
aortic flow. Furthermore, several mechanisms have been 
proposed to understand the direct hemodynamic effects 
of estrogens. Physiologically active estrogen receptors 
have been detected in both the heart and great vessels.!8 


Estrogens may affect the activity of cardiac adrenergic 


and muscarinic receptors,!9 and mediate vasodilator as 
pel as vasoconstrictor responses in the coronary arter- 
ies.> Myocardial lysosomal enzyme activities are influ- 
pile by estrogens.” Noteworthy is the study of Scheuer 
et al?! on isolated rat hearts. They found that gonadecto- 
my induced a reduction in myocardial contractile pro- 
teins and in the contractile function as measured by 
stroke work. These changes were reversed after estrogen 
replacement. Thus, their data on rats conform with our 
previous findings,° as well as our current observations on 
postmenopausal women. Another mechanism that we as- 
sume may explain the inotropic effect of estrogens is 
connected with their ability to modulate «a-adrenergic 
receptor activity in various organs.??-24 Because stimula- 
tion of presynaptic a-2 receptors inhibits norepinephrine 
release, the drugs that block a-2 receptors enhance its 
release. The hypothesis that estrogens reduce the respon- 
siveness of œ-2 adrenergic receptors in the heart provides 
a good model for our findings; whereas estrogen replace- 
ment is associated with increased inotropism, cessation of 
estrogen production during menopause releases inhibito- 
ry influence and restores normal function of the «-2 adre- 
nergic activity with a concomitant decrease in norepi- 
nephrine secretion, 6-adrenergic activity and myocardial 
contractility. 

In conclusion, our study shows a consistent decrease in 
peak flow velocity, mean acceleration and flow velocity 
integral (which develops gradually in women as meno- 
pause advances), and points up the effects of estrogens on 
hemodynamics. Additional data are needed to clarify the 
precise influence of estrogens on cardiac function, and the 
possible cardiac effects of hormone replacement therapy 
in postmenopausal women. 
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Use of Intracoronary Ultrasound to Identify 
the “True” Coronary Lumen in Chronic 
Coronary Dissection Treated with 


Intracoronary Stenting 


Thomas E. Schryver, MD, Jeffrey J. Popma, MD, 
Kenneth M. Kent, MD, PhD, Martin B. Leon, MD, 
Sharon Eldredge, RN, and Gary S. Mintz, MD 


p laque fracture, intimal flaps and 
medial dissections resulting 
from coronary angioplasty can be 
readily identified using high-fre- 
quency intracoronary ultrasound.! 
Tissue and atheroma characteriza- 
tion using intracoronary ultrasound 
also may allow identification of 
structural abnormalities and stenoses 
not readily apparent using standard 
angiographic methods.23 We report 
a case in which intracoronary ultra- 
sound was used to identify the “true” 
coronary artery lumen in a patient 
with a severe coronary dissection and 
a double-lumen coronary 6 months 
after apparently successful balloon 
angioplasty. Correct identification of 
the true coronary lumen using intra- 
coronary ultrasound allowed success- 
ful intracoronary stent placement 
and obliteration of the false channel. 

An active 72-year-old woman de- 
veloped unstable angina 7 months 
after an inferior wall myocardial in- 
farction. Initial cardiac catheteriza- 
tion demonstrated a single, discrete 
90% stenosis of the midright coro- 
nary artery. Coronary angioplasty 
was successfully performed, but 4 
weeks later the patient developed re- 
current chest pain. Subseqù “at cath- 
eterization revealed the recurrence 
of the midright coronary artei% ste- 
nosis at the prior angioplasty site. 
The lesion was successfully redilat- 
ed, although a dissection was found 
immediately after balloon dilata- 
tion. The patient remained symp- 
tom-free for the ensuing 6 months 
until recurrent angina developed. 
After exercise thallium scintigraphy 
demonstrated a reversible inferior 
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defect, repeat catheterization re- 
vealed a 70% stenosis at the prior 
angioplasty site with a parallel tract 
dissection, creating the appearance 
of a double lumen within the vessel 
(Figure 1). Intracoronary stent 
placement was planned for recalci- 


trant restenosis, although the true 
coronary lumen was not readily ap- 
parent. Using an 8Fr Judkins right-4 
guiding catheter, a 0.014 inch high 
torque floppy coronary guidewire 
was advanced across the lesion 
through the medial channel. To 
identify the true coronary lumen, in- 
travascular ultrasound images (In- 
tertherapy, Inc., Santa Ana, Califor- 
nia) were obtained. A 25 MHz trans- 
ducer-tipped catheter within a 3.9Fr 
monorail sheath was advanced to a 
position in the right coronary artery 
distal to the lesion; the entire cathe- 
ter was rotated at 1,800 rpm and 
withdrawn proximally at a speed of 





FIGURE 1. A ee a ioe tenable nated 
“double-barrel” chronic dissection (arrow). B, ultrasound imaging catheter is posi- 
tioned distal to lesion and withdrawn proximally. C, after confirmation of “true” lu- 


men, 3.5 mm intracoronary stent is deployed, and 


False Lumen 


a 12 9mm — 


(D) excellent angiographic result 


Faise Lumen 





FIGURE 2. Initial 3-dimensional (A) and 2-dimensional (B) ultrasound images show 
true lumen surrounded by plaque components continuous with proximal and distal 
vessels, and false lumen (FL) extending to adventitia. FL measures 12.9 mm in 
length. C and D, final intravascular ultrasound study. C, final 3-dimensional image 
shows near obliteration of FL. D, final 2-dimensional image shows highly reflective 
stent (small white arrows). EEM = external elastic membrane. 
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0.5 mm/s using a prototype mecha- 
nized pullback. Immediate review of 
these ultrasound images verified 
that the medial lumen was the true 
lumen; there was continuity of the 
intima and plaque components sur- 
rounding the imaging catheter in the 
region of the lesion (Figure 2). The 
dissection plane of the “false” lumen 
was also identified as extending 
through to the media and adventitia, 
with the false lumen adjacent to the 
adventitia. A computer-assisted 
graphics program (ImageComm, 
Sunnyvale, California) was used to 
obtain 3-dimensional image recon- 
struction. Importantly, the length of 
the dissection was measured to be 
12.9 mm (suitable for stent place- 
ment). 

A 3.5 mm balloon expandable 
tubular-slotted stent (Johnson & 
Johnson Interventional Systems, 
Warren, New Jersey) was advanced 
to the lesion site and its position was 
verified fluoroscopically. The stent 
balloon was then inflated to 6 atm 
for 45 seconds. After stent deploy- 
ment, an excellent angiographic re- 
sult was obtained (Figure 1). Over 
the 0.014 inch guidewire, the ultra- 
sound device was then repositioned 
beyond the lesion, and cross-section- 
al images were again obtained in the 
region of stent deployment, demon- 
strating near obliteration of the false 
lumen. 

This report describes a patient in 
whom a chronic coronary dissection 
developed after 2 prior balloon angio- 
plasty attempts. High-frequency, in- 
travascular ultrasound was used to 
identify the true coronary lumen be- 

_ fore intracoronary stent placement. 
By scaffolding the disrupted intima 
and media, intracoronary stenting re- 
sulted in obliteration of the dissection 
plane, and an excellent immediate 
angiographic result was obtained. 
Off-line, computer-assisted, 3-di- 
mensional reconstruction of the in- 
travascular ultrasound images pro- 
vided spatially accurate visualization 
of the arterial segment and dissection 
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plane not possible using standard an- 


giographic methods alone: 

Two aspects of this case are note- 
worthy. First, angiographic visual- 
ization of the right coronary artery 
lesion demonstrated a “double-bar- 
rel” lumen at the site of the stenosis. 
The 2 lumens were of similar size, 
and the true lumen could not be iden- 
tified using standard angiographic 
methods. Balloon dilatation of the 
false coronary lumen may have re- 
sulted in worsening of the dissection, 
coronary occlusion or perforation. 
Thus, appropriate placement of the 
coronary guidewire was essential for 
a successful outcome. Intravascular 
ultrasound has been used after coro- 
nary intervention to identify plaque 
fracture, dissection and thrombus, as 
well as to assess dimensional im- 
provements and residual athero- 
ma.'34 In this report, intracoronary 
ultrasound was used to identify the 
true coronary lumen before coronary 
intervention. The coronary guidewire 
was easily advanced into the distal 
right coronary artery, and its position 
in the true coronary lumen was con- 
firmed by “pullback” identification 
of a heavily calcified intima that ex- 
tended proximal and distal to the le- 
sion surrounding the imaging cathe- 
ter. The dissection plane was also 
identified as a disruption of the inti- 
ma, which extended into the media 
and adventitia causing separation of 
tissue planes. The length of the dis- 
section was 12.9 mm, just short 
enough to be covered by 1 stent. In 
addition to its use in identifying 
chronic dissection planes, intravascu- 
lar ultrasound may also be useful in 
identifying the true coronary lumen 
when coronary dissections develop 
immediately after coronary interven- 
tion, particularly when the guidewire 
has been withdrawn and needs to be 
readvanced across the lesion. 

Second, in patients with abrupt 
closure or severe dissections after 
standard balloon angioplasty, intra- 
coronary stents have been shown use- 
ful in relieving myocardial ischemia, 








often obviating the need for emer- 


gency coronary bypass operation. — 


Intracoronary. stents have also. been ~| 
used to treat recalcitrant restenosis. 
occurring late after angioplasty,° but 
their use in treating chronic coronary 
dissections has been less well studied, 
In the present report, a chronic coro- _ 
nary dissection was successfully — 
treated using a tubular-slotted stent. 
design. After stent deployment, an _ 
excellent angiographic result was ob- — 
tained. The mechanism of this angio- _ 
graphic improvement (i.e., the scaf-.. 

folding of the intima and media; and 
obliteration of the false lumen and. 
dissection plane) was demonstrated 
using 3-dimensional reconstruction _ 
of the intracoronary ultrasound im- 
ages. With the integration. of intra- 

coronary ultrasound and the comput- 
er-assisted spatial reconstruction al- 

gorithm, immediate assessment. of» 
the degree of stent expansion is now ` 
possible. This technique may be par- 
ticularly useful when arterial seg- 
ments are mismatched and further | 
balloon dilatation is needed to maxi- n 
mize stent expansion. T 
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CONTRAINDICATIONS: SECTRAL is contraindicated in: 1) persistently severe 
bradycardia; 2) second- and third-degree heart block; 3) overt cardiac failure, 
4) cardiogenic shock, (Sew WARNINGS) 
WARNINGS: Cardiac Failure: Sympathetic stimulation may be essential for support 
of circulation in patients with diminished myocardial contractility and inhibition by 
B-adrenergic receptor blogkade may precipitate more severe failure. Although 
B-blockers should be avoided in overt cardiac failure, SECTRAL can be used 
cautiously when heart failure is controlled with digitalis and/or diuretics. Digitalis ard 
SECTRAL impair AV conduction. Withdraw SECTRAL if cardiac failure persists. 
in Patients Without a History of Cardiac Failure: In patients with aortic or mitral 
valve disease or compromised left ventricular function, continued depression of the 
myocardium with B-plockers over time may lead to cardiac failure, Digitalize patients at 
first signs of failure, and/or give a diuretic and observe closely. Withdraw SECTRAL if 
cardiac failure persists 
Exacerbation of ischemic Heart Disease Following Abrupt Withdrawal: Abrupt 
discontinuation of some B-slockers in coronary artery disease patients may exaceraate 
angina; in some cases, myocardial infarction and death have been reported. Caution 
such patients against interruption of therapy without a physician’s advice. Even in the 
absence of overt ischemic/heart disease, withdraw SECTRAL gradually over a periad 
of about two weeks; obser caretully and advise patients to minimize physical activity 
during this time. (If desired, patients may be transferred directly to comparable doses 
of an alternative B-biocker without interruption of B-blocking therapy.) If exacerbation of 
angina occurs, restart full-dose antianginal therapy immediately and hospitalize 
patient until stabilized. 
Peripheral Vascular Disease: -antagonists reduce cardiac output and can 
precipitate/aggravate arterial insutticiency in patients with peripheral or mesenteric 
vascular disease, Exercise caution and observe such patients closely for progression 
of arterial obstruction, 
Bronchospaastic Diseases: Patients with Bronchospastic Disease Should, in 
General, Not Receive a B-Blocker. Because of its relative By-selectivity, low doses. of 
SECTRAL may be used cautiously in such patients who do not respond to, or cannet 
tolerate, alternative treatment. Since B,-selectivity is not absolute and is dose- 
dependant, use lowest possible dose of SECTRAL initially, preferably in divided doses. 
Make bronchodilator, e.g. theophylline, or a Bo-stimulant, available in advance with 
instructions for use 
Anesthesia and Major Surgery: The necessity/desirability of withdrawing 
B-blockers prior to major surgery is controversial, the heart's impaired ability to 
respond to B-adrenergically mediated retiex stimuli may enhance the risk of excessive 
myocardial depression during general anesthesia. Difficulty in restarting and 
maintaining the heartbeat also has been reported with beta-blockers. If treatment is 
continued, take special care when using anesthetics that depress the myocardium, 
use lowest possible SECTRAL dose. SECTRAL. like other B-blockers, is a competitive 
inhibitor of B-recepter agonists, so its effects can be reversed by cautious 
administration of such agents (e.g., dobutamine or isoproterenol). Symptoms of 
excessive vagal tone (e.g. profound bradycardia, hypotension) may be corrected with 
atropine. 
Diabetes and Hypoglycersia: -blockers may potentiate insulin-induced 
hypoglycemia and mask seme symptoms such as tachycardia; dizziness and 
sweating are usually not significantly affected. Warn diabetics of possibles masked 
hypoglycemia. 
Thyrotoxicosis: -adrenergic blockade may mask some clinical signs (tachycardia) 
of hyperthyroidism. Abruptavithdrawal of SECTRAL may precipitate a thyroid storm m 
patients. suspected of developing thyrotoxicosis. 
PRECAUTIONS: Impaired Renal or Hepatic Function: While there are no U.S. 
studies, foreign published experience shows that acebutolol has been used 
successfully in chronic renal insufficiency. Acebutolol is excreted via the G.L tract. But 
the active metabolite, diacetolol, is eliminated mainly by the kidney. A linear 
relationship exists between renal clearance of diacetolol and creatinine clearance 
(Clgy); reduce daily dose of acebutolol by 50% when Clo, is less than 50 mL/min and 
by 75% when itis less thar 25 ml/min. Use cautiously in patients with impaired 
hepatic function. 
< -SECTRAL has been used successfully and without problems in elderly patients.in 
US, clinical tals without specific dosage adjustment. However, in the elderly, lowa: 
maintenance doses may be required because bioavailability of SECTRAL and its 
metabolite arë approximately doubled. 
information tor Patients: Wam patients, especially those with evidence of coronary 
artery disease, against interruption or discontinuation of SECTRAL without physiciar 
supervision. Although cardiac failure rarely occurs in properly selected patients, 
advise patients to consult a physician if signs or symptoms suggestive of impending 
CHF, or unexplained respiratory symptoms, develop. 
Warn patients of possite severe hypertensive reactions from concomitant use ot 
a-adrenergic stimulants, e.g., nasal decongestants used in OTC cold medicines and 
~“ hasal drops. 
Clinical Laboratory Findings: SECTRAL. like other B-blockers has been associated 
with development of antinuclear antibodies (ANA). In prospective clinical trials, 
patients receiving SECTRAL. had a dose-dependent increase in the development of 
positive ANA titers. Symptams related to this laboratory abnormality were infrequent. 
Symptoms and ANA titers were reversible upon discontinuation of SECTRAL. 








Drug Interactions: Catecholamine-depleting drugs may have additive effects when ` 
given with f-blockers. Observe patients treated with boih agents closely for evidence 
of marked bradycardia or hypotension which may. present as vertigo, syncope/ 
presyncope, or orthostatic changes in blood pressure without compensatory 
tachycardia. Exaggerated hypertensive responses have been reported from use of 
-adrenergic antagonists with a-adrenergic. stimulants, including those in OTC cold 
remedies and vasoconstrictive nasal drops: Nonsteroidal anti-inflammatory drugs may 
blunt antihypertensive effects of beta-blockers. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Chronic oral toxicity studies 
in rats and mice, at doses 15 times the maximum recommended (60 kg) human dose, 
did not indicate carcinogenic potential for SECTRAL. Diacetolol, the major metabolite 
in man, was without carcinogenic potential in rats at doses up to 1800 mg/kg/d. 
SECTRAL and diacetalol also had no mutagenic potential in the Ames Test. No 
significant impact on reproductive performance or fertility was found in rats following 
SECTRAL or diacetoici doses of up to 240 ar 1000 mg/kg/d, respectively. 
Pregnancy: Teratoganic E¥ects: Pregnancy Category B: No teratogenic effects were 
seen in rat or rabbit reproduction studies utilizing SECTRAL doses that were. 
respectively, approximately 31.5 and 6.8 times the maximum recommended human 
dose. At this dose ir the rabbit, slight fetal growth retardation was noted; this was 
considered to be a result of maternal toxicity (evidenced by reduced food intake, 
lowered rate of body weight gain, mortality), Diacetolo! studies (doses up to 450 
mg/kg/d in rabbits and up fo 1800 mg/kg/d in zats) showed no evidence of feta! harm 
other than a significart elevation in postimplantation loss with 450 mg/kg/d, a level at 
which food consumption and body weight gain were reduced in rabbit dams; there 
was a nonstatistically significant increase Ir incidence of bilateral cataract in rat 
fetuses from dams treated with 1800 mg/kg/d. There are no adequate and well- 
controlled trials in pregnant women; SECTRAL should be used during pregnancy only 
it potential benefit justifies risk to the fetus. 

Nonteratogenic Effects: Human studies indicate that acebutolo! and diacetolol cross 
the placenta. Neonates of mothers who received acebutolo! during pregnancy have 
reduced birth weight, decreased blood pressure, and decreased heart rate. 

Labor and Delivery: Effect. on labor and delivery in pregnant women is unknown, 
Animal studies have shown no effect of SECTFAL on the usual course of labor and 
delivery. 

Nursing Mothers: Acebutoiol and diacetolal appear in breast milk (milk: plasma ratio 
of 7.1 and 12.2, respectively). Use in nursing mothers is not recommended. 

Pediatric Use: Safety and effectiveness in chitdren have not been established. 
ADVERSE REACTIONS: SECTRAL is well tolerated in properly selected patients. 
Most adverse effects have been mild, not required therapy discontinuation, and 
tended to decrease as treatment duration increases. 

The incidence of treatment-related side effects (volunteered and elicited) derived 
from U.S. controlled clinical trials in patients with hypertension, angina and arrhythmia 
follows. Numbers represent percentage incidence for SECTRAL (N = 1002) versus 
placebo (N=314), respectively. 

Cardiovascular: Chest pain 2%, 1%; Edema 2%, 1%. CNS: Depression 2%, 1%; 
Dizziness 6%, 2%; Fatigue 11%, 4%; Headache 6%, 4%; Insomnia 3%, 1%; Abnormal 
dreams 2%, 1%. Dermatologic: Rash 2%, 1%. Gastrointestinal: Constipation 4%, 0%; 
Diarrhea 4%, 1%: Dyspepsia 4%, 1%; Flatulence 3%, 1%; Nausea 4%, 0%. 
Genitourinary: Micturiton (frequency) 3%, <1%. Musculoskeletal: Arthralgia 2%, 2%; 
Myalgia 2%, 0%. Respiratory: Cough 1%, 0%; Dyspnea 4%, 2%; Rhinitis 2%, <1%. 
Special Senses: Abnormal Vision 2%, 0%. 

The following selected (potentially important) side effects were seen in up to 2% of 
SECTRAL patients: Cardiovascular: hypotension, bradycardia, heart failure. CNS: 
anxiety hyper/hypoestnesia, impotence. Skin: pruritus, Gastrointestinal: vomiting, 
abdominal pain. Genitourinary: dysuria, nocturia. Liver and Biliary: small number of 
reported cases of livar abnormalities (increased SGOT, SGPT, LOH). in some cases, 
increased bilirubin or alkaline phosphatase, fever, malaise, dark urine, anorexia, 
nausea, headache, and/or other symptoms nave been reported. In some cases, 
symptoms and signs were confirmed by rechallenge. Abnormalities were reversible 
upon drug cessation: Musculoskeletal; back arid joint pain. Respiratory: pharyngitis, 
wheezing, Special Senses: conjunctivitis, dry eye, eye pain. Autoimmune: extremely 
rare reports of systemic lupus erythematosis. 

Incidence of drug-related adverse effects (volunteered and solicited) based on 
SECTRAL dose is shown below. (Data from 266 hypertensive patients treated for 3 
months on a constant dose.) 








400 mg/day 800 mg/day 1200 mg/day 
Body System (N= 132) (N = 63) (N=71) 
Cardiovascular 5% 2% 1% 
Gastrointestinal 3% 3% 7% 
Musculoskeletal 2% 3% 8% 
Central Nervous System 9% 13% 17% 
Respiratory 1% 5% 6% 
Skin 1% 2% 1% 
Special Senses 2% 2% 6% 
Genitourinary 2% 3% 1% 





Potential Adverse Effects; Certain adverse eftects not listed above have been 
reported with other B-blocking agents and should be considered as potential adverse 
effects of SECTRAL. 

CNS: Reversible mental depression progressing to catatonia, an acute syndrome 
characterized by disorientation tor time and place, short-term memory loss, emotional 
lability, slightly clouded sensorium, and decreased performance on neuro- 
psychometrics. 

Cardiovascular: intensification of AV block (see: CONTRAINDICATIONS). Allergic: 
Erythematous rash, fewer with aching and sore throat, laryngospasm, respiratory 
distress. 

Hematologic: Agranulocytosis, nonthrombocytapenic. and thrombocytapenic purpura. 
Gastrointestinal: Mesenteric arterial thrombosis. ischemic colitis. 

Miscellaneous: Reversible alopecia, Peyronie's disease. The oculomucocutaneous 
syndrome associatec with practolol has not been reported with SECTRAL. 

Koep at room temperature, Approximately 26°C (77°F). 
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Ocular Deformation After Long-Term 
Repeated Bulbar Compression for 
Termination of Paroxysmal Tachycardia 


Per I. Hoff, MD, Svein Faerestrand, MD, PhD, Ole-Jorgen Ohm, MD, PhD 


y= activation attenuates atrio- 
ventricular nodal conduction 
properties!? and may be used in pa- 
tients for termination of paroxysmal 
reentrant supraventricular tachycar- 
dias.>© We describe a patient with 
paroxysmal tachycardia. His method 
for tachycardia interruption was 
compression of the eyeball creating 
corneal deformation. 

A 47-year-old male offshore op- 
erator presented to the department 
of ophthalmology with complaints 
of blurred vision; clinical examina- 
tion disclosed a deformation of the 
left eye. He explained that since the 
age of 6 years he had had paroxysms 
of tachycardia almost daily. With 
the exception of a short period of 
treatment with digitalis he had not 
been on a long-term drug regimen. 


From the Medical Department, University 
School of Medicine, N-5021 Haukeland Syke- 
hus, Bergen, Norway. Manuscript received 
October 7, 1991; revised manuscript received 
and accepted December 12, 1991. 
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FIGURE 1. Frontal view of eyes discloses 
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At the age of 12 his doctor recom- 
mended trying manual compression 
of the eyeball during tachycardia at- 
tacks. Because this method proved 
successful on every occasion, he did 
not seek further medical advice for 
the next 35 years. He always com- 
pressed the left eye during the proce- 
dure. During the last year before ad- 
mission he recognized visual distur- 
bance as a ring-shaped structure 
with multiple illuminated points 
when he looked at a light. He real- 
ized that his eye had been damaged 
and started occasionally to use the 
right eyeball for tachycardia termi- 
nation. He was admitted for evalua- 
tion for corneal transplantation. 
The ophthalmologic examina- 
tion revealed an ellipsoid deforma- 
tion and discontinuation in the cor- 
neal curvature on the left eye (Figure 
1) with secondary visual impair- 
ment. The visual status of the right 
eye seemed normal and a corneal 
transplant was declined at this stage, 
but prevention of further damage 


interrupted curvature of the left cornea (right). 





seemed mandatory. His baseline 
surface electrocardiogram showed 
sinus rhythm with normal QRS 
complexes. During an electrophysio- 
logic study, an atrioventricular 
tachycardia with a cycle length of 
360 ms could repeatedly be initiated 
with atrial premature stimuli within 
an induction zone of 140 ms. The 
tachycardia used a concealed left- 
sided accessory pathway for retro- 
grade conduction and the atrioven- 
tricular node for anterograde con- 
duction. The tachycardia could be 
interrupted with atrial or ventricular 
premature beats and the escape in- 
tervals after termination of induced 
tachycardias ranged from 1,260 to 
1,560 ms. When the patient per- 
formed manual compression of the 
left ocular bulbus, tachycardia de- 
celerated and was interrupted in the 
atrioventricular node within a few 
seconds and with a longer escape in- 
terval ranging from 2,020 to 2,590 
ms. Using the right eyeball he could 
also interrupt the tachycardia with 
2,000 to 2,120 ms escape intervals. 
An attempt by one of the staff physi- 
cians to compress the eyeball could 
not interrupt tachycardia as a spe- 
cific pressure and direction of force 
was necessary for proper effect. 

A permanent cure seemed neces- 
sary and surgical treatment was per- 
formed on March 19, 1991. On in- 
spection of the heart a broad area of 
left-sided atrioventricular connect- 
ing tissue was seen, but the intraop- 
erative mapping during spontane- 
ously occurring tachycardia demon- 
strated a single accessory pathway 
located in a left strict lateral posi- 
tion. The pathway was interrupted 
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ndocardial dissection 


bined ° 
cular side of the incision. 
: No ventriculoatrial conduction was 
present over the accessory pathway 
at repeat study 1 week later using 
< the standard perioperatively plaċed 
atrial and ventricular pacing leads. 
| The atrioventricular nodal conduc- 
tion was normal and the postopera- 
; tive course uneventful. 
Paroxysmal supraventricular 
tachycardia based on accessory atrio- 
ventricular pathways may be life- 
- Jong. Drug treatment is often incon- 
-venient because medication possesses 
- limited of ability to interrupt an acute 


ith cryoablation on the 

























attack and, thus, has to be used con- 1. 
tinuously. for an indefinite period of : 

time. Patients may be socially and 
occupationally incapacitated by their- 


disease and may try vagal maneuvers 
for tachycardia interruption. Pres- 
sure on the eyeball is known to in- 
crease vagal tone but is rarely used as 
a long-term method. These proce- 
dures may seem benign but, as dem- 
onstrated in our case, one should 
strongly advise against the use of eye- 
ball pressure to interrupt attacks of 
supraventricular tachycardias. Pa- 
tients should undergo tachycardia 
substrate ablation with surgery or 
electrical methods. 


| ‘ae pacemaker activity and atrioventricular transmis: 


“duction in the “dog's: heart. 4 Exp Med 191: 
0732-757. : : 











2 Levy MN; Zieske H; Aitanomk čonirol ‘ofc. car 


sion, J Appl Physiol 1969;27:465-470, 
3. Prystowsky EN; Jackman WM, Rinkenberge: 
RL, Heger JI; Zipes DP: Effect of autonomic block- 
ade on the ventricular refractoriness and atrioventric- i 
ular nodal conduction in humans. Evidence support < 
ing a direct cholinergic action on ventricular muscle 
refractoriness. Cire Res 1981;49:511-518. WER 
4. Waxman MB, Wald RW, Sharma AD, Huerta F, 
Cameron DA. Vagal techniques for termination of 
paroxysmal supraventricular tachycardia. Ams Garr E 
diol 1980;46:655-664. ; 
§. Klein HO, Hoffman BF. Cessation: of paroxysmal 
supraventricular tachycardias by parasympathomi- < 
metic interventions. Ann Intern Med 1974;81:48-50. 
6. Lown B, Levine SA. The carotid ‘sinus: clinical)’ 
value of its stimulation. Circulation: 1986; 23: 
766-789. 





























We read with interest the article 
' Dumesnil and Yoganathan.' Of 
lar interest was the under- 
st nding that 







Xi is not equal to ( X}, 
-whichis not always adhered to.? 
The authors correctly stated that 
(Q*) is not equal to (0¥. 


‘Applying the same reasoning, equa- 
tion (6) should be changed. 


A = y Q2/50.4 ydP or 
A = Qrms/50.4 ydP 


ot completely correct and should 
changed to: 


Vx = Vo, 50.4 y dP, or 


re 
‘Arms = Orms/50.4 y dP. 


-This is a very important point, be- 
use the area of the valve (func- 


















nt, and changes with changing 
ransvalvular flow and pressure 
radient, as the authors noted. In 
A in equations (6) and (1) is 
rms,” ‘not valve area, and thus, 
authors did not calculate valve 
areas. 

a The authors describe an “alter- 
< nate” way to obtain the same result 
of the continuity equation and get 
guztion (7): 


A = Qmean/50.4 /aP, 


ere A is the (true) mean valve 
ea: Equation (7) can be resimpli- 
_ fied using the Bernoulli equation as 
follows: dP = 3.94V2. Thus: 


| vaP = (\3.94V12 +3.94V2? + 
+ ¥3.94Vn)/n = 198(/VP 


tye + 


























+ \Vn2)/n. 






_ Therefore: vaP = 1.98. V. 


V is easily measured by Doppler 
chocardiography, and thus equa- 







(from the United States) concerning a 
lar article in the Journal must. bere- 
within: 2 months of the article’s publica- 

ion, and should be limited (with rare excep- 
ns). to 2 double-spaced. typewritten pages. 
) copies must be submitted: 








ional or physiologic) is not con- 


-tion (7) can be simplified to allow 


noninvasive applications and writ- 
ten as: 


Amean = Qmean/50.4 - 1.98 - 
V = Qmean/99.8- V, 


where Amean and Qmean are tem- 
poral averages of areas and flows, 
respectively. 

Using the same reasoning, equa- 
tion (10) (A = Q/44.3C - dP) 
should reflect instantaneous valve 
areas, and thus: 


Amean = Qmean/44.3 -1.3C- 


vaP = Qmean/44.3C: 1.3- 


1.98 -V = Qmean/99.99-C- V, 


thus yielding the temporal average 

of valve area as a function of mean 

flow, pressure gradient (mm Hg) 
and velocity (m/s). 

Dawod Sharif, mo 

Edward G. Abinader, mo, rrcri 

Haifa, Israel 

26 November 1991 


1. Dumesnil JD, Yoganathan AP. Theo- 
retical and practical differences between 
the Gorlin formula and the continuity 
equation for calculating aortic valve 
areas, Am J Cardiol 1991;67:1268~1272. 
2. Sharif D, Abinader EG, Goldhammer 
E. Inaccurate assessment of Doppler-de- 
rived mean pressure gradients by com- 
mercially available computer programs. 
In: Proceedings in Computers in Cardiol- 
ogy. September 19-22, 1989, Jerusalem, 
Israel:375. 






REPLY: We thank Drs. Sharif and 
Abinader for their interest and 
comments. “A” in equations (1) 
and (6) is, in fact, Arms. However, 
the orders of magnitude of the pha- 
sic changes in instantaneous pres- 
sure and flow are much more im- 
portant than that of the phasic 
changes in instantaneous area, and 
it is assumed that Arms = Amean. 
Theoretically, Amean can only be 
less than Arms, and differences be- 
tween the continuity equation and 
the Gorlin formula could be still 
more important than what we re- 
ported. Resimplifying equation (7) 
using the Bernoulli equation is, in 
fact, going: back to the continuity 
equation (equation [2]) through 
equation (4) and using mean val- 


ues: Amean = Qmean/Vmean . 


adults (aged 17 to 72 years) with 





(100. - Vmean should be used: if Vis 
in m/s, and A and Q are in cm? and 
cm?/s, respectively; note that in re- 
ality, 


v3.94 = 1.985, and 1.985 x 
50.4 = 100.04, 


and that 99.8 and 100.04 are, in 
fact, results. of oversimplification, 
the true conversion factor being 
100). Similarly, the equation 
Amean = Qmean/99.9-C- Vmean 
is in fact equation (8) using mean 
values and 99.99 (i.e., 100) to con- 
vert V from m/s to cm/s. In going 
from equation (10) back to equa- 
tion (8), Sharif and Abinader reem- 
phasize that the coefficient 44.3 is 
incorrect and should be multiplied 
by 1.3 to account for the conversion 
of cm H,O to mm Hg. We agree 
that the temporal average of valve 
area is probably best estimated by 
use of the continuity equation and 
Doppler echocardiographic mea- 
surements of flow and velocity. 
Note also that 


VaP does not equal VIP 


and is not usually a readily avail- 


able parameter. 
Jean G. Dumesnil, mo 
Sainte-Foy, Québec, Canada 
i Ajit P. Yoganathan 


Atlanta, Georgia 
15 January 1992 


Percutaneous Pulmonary 
Balloon Valvuloplasty in Adults 





We read with interest the Brief 
Report, “Effectiveness of Percu- 
taneous Balloon Valvuloplasty in 
Adults with Pulmonary Valve Ste- 
nosis.”! Concerning the immediate 
results and long-term follow-up of 
this procedure in adults, contrary to 
what the authors suggest,” more 
data are available. In 1988, Al Ka- 
sab et al? described 21 adults (aged 
15 to 37 years) with severe congeni- 
tal pulmonary valve stenosis who 
underwent successful percutaneous 
double-balloon pulmonary valvulo- 
plasty. Satisfactory hemodynamic 
results were achieved acutely and 
maintained at 1- to 2-year follow- 
up. In.1989; Sievert et al* reported 
success of the procedure in. 24 


pulmonary valve stenosis. No reste- 


READERS’ COMMENTS 1 
















were attained in a small series of 4 
adults (aged 48 to 67 years) with 
- pulmonary valve stenosis by Sher- 
man et al’ in 1990. All these data, 
as correctly concluded. by. the au- 
thors, support percutaneous balloon 
“valvuloplasty as the procedure of 
-choice in the treatment of adults 
with severe pulmonary valve steno- 
a ~ Wing-Hing Chow, me, mace 
Tsun-Cheung Chow, ma, MRCPath 

Aberdeen, Hong Kong 

28 January 1992 


4. Herrmana-HC, Hill JA, Krol J, 
-Kleaveland JP, Pepine CJ. Effectiveness 








served at 3- to 12- 
month follow-up. Similar results- 





of percutaneous balloon -valvuloplesty i in 
adults with palmonary valve stenosis. Am 


J Cardiol 1991:68:1111-1113.. 


2. Fawzy ME, Gala O, Dunn B, Shikh Ay 


Sriram R, Duran CMG. Regression of in- 
fundibular pulmonary. stenosis. after suc- 
cessful balloon pulmonary. valvuloplasty 
in adults. Cathet Cardiovase Diagn 1990, 
21:77-81. 

3. Al Kasab 5, Ribeiro PA, Al Zaibag M, 
Halim M, Habbab M, Shahid M. Percu- 
taneous doutle balloon pulmonary valvot- 
omy in adults: one- to two-year follow-up. 
Am J Cardiol 1988;62:822-824. 

4. Sievert H, Kober G, Bussman W-D, 
Reuhl J, Cieslinski G, Satter P, Kalten- 
bach M. Long-term results of percutane- 
ous pulmonary valvuloplasty in adults. 
Eur Heart J 1989,10:712-717. 


“Jos D, Cohen M, Midwall J, Kieval J, 







5. Sherman W, Hershman R, Ale: 


linko R: Pulmonic balloon valvuloplast 
in adults. Am. Heart J 1990; 113: 187 
190. i 


Correction 


In the February 15,1992issue, on | 
page 547 of the article, “Effects of 
Cardiac Transplantation.on Venti- 
latory Response to Exercise,” by 
Marzo et al, line 8 of the abstract _ 
and line 20 of the Methods section _ 
should read, “1.4 +-0.6 ae not © 
“1.4 + 0.6 months.” 











4 RDIOLOGIST—4 BC Cardiologists seek | 
an invasive/noninvasive BC/BE cardiologist to 
Joina busy consulting practice in California. 
Exceptional opportunity with attractive finan- 
clal/fringe benefit package and early partner- 






CARDIOLOGIST NONINVASIVE 
BC/BE, experienced in TEE, to join 3 BC 
cardiologists in busy, long established, qual- 
ity practice in S/E FLORIDA. Send curricu- 
lum vitae to: 


Electrophysiologist 
interventionalist 
Minnesota 























































ship. Submit CVC to Box 1231, The American SA Join a dynamic team of Cardiologists and 
Journal of Cardiology, 249 West. 17th Street., Myron Fulle, Administrator one Electrophysiologist a pf of a 170-physician 
NY, NY 10011. INTRACOASTAL multi-specialty group practice. The Duluth Clinic, 
be CARDIOLOGY CENTER with 39 specialties and ialties, is-che most 
oo 909 NE 9th Ave, + Delray Beach, FL 33483 comprehensive ponge of health care services to'a 
NON-INVASIVE population of 500,000 people in northern 
CARDIOLOGIST innesota, Wisconsin, and Mi , We are 
ns Nara f located on the shores of Lake Superior, with 
Interventional cardiologist seeks BE/BC ote immediate access to the area’s numerous 
non-invasive cardiologist, well-trained in RW) lakes, streams and forests, 
nuclear, TEE and critical care. Located ® Our regional Heart Program includes the 
in. beautiful Orange County, CA. CARDIOLOGIST resources of a 3. tertiary hospital attached to 
aa : the clinic. Te available 
Competitive salary and early partnership. HONOLULU, HAWAIL the be les Teaching o elol and family pra ptvotioe 


‘Send-curriculum vitae to: 
Michele A. Codini, M.D. 
24411 Health Center Dr. # 430 
Laguna Hills, CA 92653 
(714) 458-9434 


Excellent opportunity for invasive BE/BC 
cardiologist to join 270-physician multispe- 
cialty prepaid group servicing largest HMO 
in Hawaii. Practice includes full range of car- 
diac services. Competitive salary, excellent 
fringes, university affiliation, and desirable 
location. Send CV to: 


ie sti poner i pasha cepa 


We seek an on af EP and gn hysiologist with i interest in a 
combination of EP and eal noninvasive 
well as an Interventional ‘Cardiolo- 


gt with mining or experience in ents athe 

tomy, rotary ablation devices and laser therapy. 

Lo AE E Ma s 
Duluth Clinic, 








por CARDIOLOGIST 











$ 7 Recruitment, The Dept. 
Busy BC Invas. Cardiologist seeks BC Non- MECAT ROT Ite: AJ-4, 400 East Third Street, Duluth, MN $5805. 
‘Invas. Cardiologist. Growing practice in SE 3288 Moanalua Road + Honolulu HT 96819 Or call ALTRE 1-800-342-1388. An equal 
| Florida requires an associate with expertise in ee pile ` Pi : 
dlinical cardiology and non-invasive procedures, | causal D aE I | 


BE The Duluth Clinic 


| Candidate should possess a genuine caring for A Regional Health Care System 


| the elderly and comparable work ethics, Good 
‘salary with excellent benefits, Located in beau- 
| tiful Palm Beach County, 5 miles from Atlantic 
f | Coast & 3-1/2 hrs. from Orlando. CV to: 
Box 1249 
The American Journal of Cardiology 
249 West 17th Street» NY NY 10011 





CAREER CHANGE 
OPPORTUNITIES 
in the Pharmaceutical Industry. We have assign- 
ments for experienced board certified/eligible 
physicians, Send your CV to Bruce Rogers Co., 
Management Consultants, 20 Main Street, Port 
Washington, NY 11050. (516)883-1058. 


CARDIOLOGIST 


KANSAS CITY area multi-specialty group offers an exceptional 
opportunity for a Board Certified invasive or non-invasive cardiol- 
ogist in a large, expanding, independent practice. There is a strong, 
diversified mix of patients with an excellent referral base. The incen- 











Wide Selection of Practices 


ti k » tracti äflexibl Honest Representation 
tive package 1s very attractive and flexible. Pa 
an is ends ts seat TEN AMGare 
Outstanding urban amenities are available in a liveable city with nation- Physician Search 


Department M » P.O. Box 2816 + Durham, NC 27715 


ally recognized school systems and affordable luxury housing. 800-477-0600 » 919-383-1002 « FAX 919-383-0177 


Please send Curriculum Vitae to: 





CARDIOLOGIST—BC/BE to join busy prac- | 





J ohn Storm tice affiliated with major D/FW. suburban hos- 

- pital. Heart Institute includes interventional lab, 

51 North 12th Street open heart facilities, all phases. of cardiac rehab. 
Kansas City, KS 66102 Excellent package available. Send CV to Jerry | 


Delashaw, IRVING HEALTHCARE SYSTEM 
1901 North MacArthur, Irving, Texas 75061, 


(913) 281-7775 * FAX (913) 281-8494 











DISPLAY ADS: $100. column inch. 1" minimum. LINE ADS: $10 per line, 5 line minimum. CALL FOR ATTRACTIVE FREQUENCY AND COMBINATION RATES. 

DEADLINE: 1st of month issue, 28th of second month preceeding publication. Example, ads for June 1st issue must be réceived by May 28th. 15th of month issue, 
40th of month preceding publication, ie. June 10th. for July 15th. FOR ALL INFORMATION PLEASE CALL ANDREA FEINBERG AT 
iy 463-6485 « (800) 344-7775 + FAX (212) 620-9085 





















CARDIOLOGIST-Opening for BC/BE 
Noninvasive Cardiologist to join busy crit- 
| ical care practice. Located in New Jersey 
| 40minutes from Philadelphia and 30 min- 
-utes from. the shore. Position available 
immediately. Cail 609-327-2142. 














Board certified, invasive cardiologist 
with extensive caths and angioplasty 
| experience as well as non-invasive 
| techniques needed to join multi-spe- 
cialty group in private practice in 
Northeastern Ohio. 550+ bed hospital 
| with 3 new cath labs and all state-of- 
the-art equipment. Professional chal- 
lenge of organizing and developing a 
major cardiology group in face of 
intense political pressures, but with 
jarge grass-roots support. Salary, 
| Þonuses, ownership all acceptable 
commensurate to candidate's ability 
i | to excel. Send CV to reply 
| 
i 
| 

















Box 1247 





|The American Journal of Cardiology 
| 249 West 17th Street, NY NY 10011 





ad 


__ CAREER OPPORTUNITIES 
























IT’S EVERYTHING YOU _ 
EXPECT FROM CARDIOLOGY 


AND MORE needed. Learning the 


mysteries of practice management. Earning a good 
income. Seeing new parts of the country. Testing 
working relationships before you join a practice. 
Finding out what really matters before you establish 
your own. 


It’s locum tenens practice with CompHealth, the nation’s 
locum tenens leader. 


It’s putting your skills to 


And it’s everything a} th 
you should expect 

from cardiology. THE PHYSICIAN GROUP 
1-800-328-3061 


4021 S. 700 East, #300, Salt Lake City, Utah 84107 





























Cardiologist, BC/BE. Invasive/Non-inva- 
sive Associate Position available immedi- 
ately with Busy South Florida Practice, 
MD or DO, Attractive Offer. Please reply 
i Box 1245 

The American Journal of Cardiology 
249 West 17th Street, NY NY 10011 











‘CARDIOLOGIST (U.S. TRAINED) 
'B.C/B.E. Invasive/Non-Invasive to join 
group of Board Certified Cardiologists in 
suburban Atlanta, Ga. Busy hospital based 
private practice including, Cath, PTCA, all 
non-invasive parameters. Available imme- 
diately. Cardiac catheterization required. 
Permanent pacemaker implantation 
desired. PTCA not essential. Excellent 
| opportunity with generous salary and ben- 
efit package leading to partnership. Send 
LEV to Box 1233, The American Journal of 
Cardiology, 249 West. 17th Street, NY, 
NY 10011, 
























[CARDIOLOGIST 


Seeking BC/BE cardiologist interested in 

joining a well-established, large clinical- 

ardiclogy practice with skills in echocar- 

/ Non-invas: ve, and nuclear car- 

ated in. suburban Philadelphia. 

sociated with superb: Main Line cardio- 

_pvascular mlti-serviee research center as 

well as community neighborhood hospi- 

< ftal. Excellent benefit package. Send 
p resumeto" i 


` THE MEDICAL CENTER 
x 1070+ Bryn Mawr, PA 19010-2043 
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CARDIOLOGIST 


to join cardiology department of multispecialty clinic. Position requires exper- 
tise in invasive/non-invasive procedures. Cardiology team includes CV/Thoracic 
surgeon. Competitive guaranteed salary with bonus incentive plan, malpractice | 
insurance, relocation expense and interview expense included in benefits pack- 
age. Enjoy a sub-tropical climate on the Texas Gulf Coast. Location is attrac- 
tive to those who enjoy outdoor sports such as fishing, golf, and sailing. Look 
into joining our great team. Contact: 


Amanda Fuhro 
VALLEY DIAGNOSTIC MEDICAL & SURGICAL CLINIC, P.A. 
2200 Haine Drive, Harlingen, Texas, 78550 
1-800-852-4543 
IN TEXAS 1-800-338-4590 or 512-421-5199 





FELLOWSHIPS 








FELLOWSHIP IN CARDIAC TRANSPLANTATION | 
AND HEART FAILURE 


The Cardiac Unit of the Massachusetts General Hospital is now accepting | 










applications for either a one year clinical fellowship or a 2 year combined cline | 


ical and research fellowship in cardiac transplantation medicine and heart fail- | 
ure beginning July 1992. as 
Please send curriculum vitae and two letters of recommendation to: 
G. William Dec, M.D. 
Cardiac Transplant Program 
MASSACHUSETTS GENERAL HOSPITAL 
Boston, MA 02114 
Telephone (617) 726-8237 





















CHIEFS /DEPT. HEADS/ FACULTY 








INVASIVE CARDIOLOGIST 

FOR PRIVATE PRACTICE 
l IN MINNEAPOLIS, MN 

Independent group of 7 with 4 generalists, | 
cardiologist, | gasteronterologist, 1 oncologist, 
seeks additional partner in cardiology. 
|_| Guaranteed first year compensation plus incen- 
< | Uve program, profit sharing, insurance, and a 
“| variety of other benefits. 
CONTACT: 
















Jerry Hess 
LifeSpan (16501) 
800 East 28th Street 
Minneapolis, MN 55407 

(800) 248-4921 


CAREER OPPORTUN 





j INTERVENTIONAL 
CARDIOLOGIST 
FINGER LAKES AREA 
OF UPSTATE NEW YORK 


250 bed tertiary referral hospital has 
exciting opportunity for Board 
Certified Cardiologist with adminis- 
trative experience and extensive clin- 
ical experience in diagnostic and inter- 
ventional cardiology. Competitive 
compensation. Confidential Box 1241, 
The American Journal of Cardiology, 
249 West 17th Street, NY, NY 10011, 














| A University affiliated institution, with a busy 
pediatric cardiac surgery service, and presently 
performing 400 pediatric cardiac catheteriza- 
ol tons per year, invites applications for the. posi- 
tion of Chief of the Department of Pediatric 
Cardiology. A full academic appointment is 
available. Interested. parties should forward 
‘their curriculum vitae plus a letter of introduc- 
“Hon tor 
Box 1229 
American Journal of Cardiology, 
249 West 17th St.* NY, NY LOOTL, 


MEDICAL SOFTWARE 


COMPLETE MEDICAL SOFTWARE - $450 
Prints HCFA, 1500 forms, does billings, financial 
reports, tracks A/R. Has pop-up windows, Help 
Screens. Trial copy available. 
COMPUTER SOLUTIONS 
6298 Turtlemound, New Smyrna Beach, FL 32169 
(904) 427-0558 











CARDIOLOGIST—MISSISSIPPI 
New opportunity to join thriving, non-invasive cardi: 
ology practice in McComb, MS. Family ted comei 
munity with large service area of over 200,000 offers 
an exceptional lifestyle, Modern and expanding med. 
ical center will guarantee excellent salary and bene: 
fits. 












About the Opportunity: 

- Very high demand for services 

- Educational loan repayment assistance 

- Well-managed and efficient office 

- Split call coverage, Lin 4 

- Excellent facilities and modern equipment 








About the Community: 

-~ USS. Dept. of Education National model schools 
- Close proximity to New Orleans and Jackson 

- Affordable housing 

- Abundant recreational activities 


Qualified applicants contact: 
Eric Carlson | 
HEALTHCARE MANAGEMENT ASSOCIATES, LTD. 
980 North Michigan Avenue, Suite 15:20 
Chicago, IL 60611 
(312) 951-2929 -or- (800) 441-2930 
FAX CV at any time: (312) 951-6480 











L 


Reach The Physicians You Need 
Call Andrea Feinberg 
800-344-7775 ° 212-463-6487 


All applications will be treated with the strictest confidence 








INVASIVE PEDIATRIC CARDIOLOGIST 
Board-certified or board-eligible pediatric cardiologist is sought to join a large academic practice at THE NEW 
YORK HOSPITAL-CORNELL MEDICAL CENTER in New York City. Primary responsibility will be to 
advance interventional pediatric cardiology techniques. Experience in cardiac catheterization, specifica Ily the use 
of closure devices as well as routine angioplasty and valvuloplasty, is desirable. Research is encouraged and 
: actively supported. 


PEDIATRIC CARDIOLOGIST 


Board: certified or board-eligible pediatric cardiologist is sought to join a large academic practice at THE 
_ NEW YORK HOSPITAL-CORNELL MEDICAL CENTER in New York City. Primary responsibility will 


| be divided between patient care and development of clinical research activities. Excellent opportunities in all 
-phases of non-invasive and invasive pediatric cardiology including, state-of-the-art catherization laboratory, mod- 


-ern non-invasive laboratory with state-of-the-art technology in two-dimensional/Doppler/color flow echocardio- 


: _ graphy, including transesophageal echocardiography, and modern Holter/arrhythmia/exercise physiology labo- 


__ fatories are available. Development of clinical research interests is encouraged and supported. 


_. Please send curriculum vitae to: 





Samuel B. Ritter, M.D. 
Division of Pediatric Cardiology 


THE NEW YORK HOSPITAL-CORNELL MEDICAL CENTER 
525 East 68th Street, Room N-123 e New York, New York 10021 
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ONCE-A-DAY * 


quinapril HCI tablets 







Before prescribing, please see full prescribing information. A brief summary follows. 


A indicated for the treatment of hypertension, Ht may be used alone or in combination with thiazide diuretics. 
n using ACCUPRIL, consideration should be given to the fact that another angiotensin-converting enzyme (ACE) inhibitor, 
baptopril, has caused agranulocytosis, particularly in patients with renal impairment or collagen vascular disease, Available data 
Bre insufficient to show that ACCUPRIL does not have a similar risk (see WARNINGS). 

RAINE ONS 

CCUPRIL is contraindicated in patients who are hypersensitive to this product and in patients with a history of angioedema related 
fo previous treatment with an ACE inhibitor. 






ploedema: Angiogdema of the face, extremities, lips, st gone, and larynx has been reported in patients treated with ACE 
tors and has been seen in 0.1% of patients receiving ACCUPRIL. Angioedema associated with laryngeal edema can be fatal. If 
al stridor or angioedema of the face, tongue, or glottis occurs, treatment with ACCUPRIL should be discontinued imme- 
the patient treated in accordance with accepted medical care, and carefully observed until the swelling disappears. In 
es where swelling is confined to the face and lips, the condition generally resolves without treatment: antitistamines may 
be useful in relieving symptoms, 
Where there is involvement of the tongue, glottis, or larynx likely to cause airway obstruction, emergency therapy including, but not 
ited to, subcutaneous epinephrine solution 1:1000 (0.3 to 0.5 mL} should be promptly administered 
‘see ADVERSE REACTIONS). 
Hypotension: Symptomatic hypotension was rarely seen in uncomplicated hypertensive patients treated with ACCUPRIL but, as 
h other ACE inhibitors, itis a possible consequence of therapy in salt/volume patients, such as those previously treated 
with diuretics or dietary sait restriction or who are on dialysis (see PRECAUTIONS, DRUG INTERACTIONS, and ADVERSE REAC- 
TIONS). in controlled studies, syncope was observed in 0.4% of patients (N = 3203); this incidence was similar to that observed for 
captopril (1%) and enalapril (0.8%). 
In patients with concomitant congestive heart failure, with or without associated renal insufficiency, ACE inhibitor therapy may 
cause excessive hypotension, which may be associated with oliguria or azotemia and, rarely with acute renai failure and death. In 
such patients, PRI. therapy should be started at the recommended dose under close medical supervision. These patients 
should be followed closely for the first 2 weeks of treatment and whenever the dosage of antihypertensive medication is increased 
{see DOSAGE AND ADMINISTRATION). 
Hf symptomatic hypotension occurs, the patient should be placed in the supine position and, if necessary, normal saline may be 
administered intravenously. A transient hypotensive response is not a contraindication to further doses; however, lower doses of 
ACCUPRIL or reduced concomitant diuretic therapy should be considered. 
Neutropenia /Agranulocytosis: Another ACE inhibitor, captopril, has been shown to cause agranulocytosis and bone marrow 
depression rarely in patients with uncomplicated hypertension, but more frequently in patients with renal impairment, especially if 
also have a fi vascular disease such as systemic lupus erythematosus or scleroderma, Agranulocytasis did occur during 
UPRIL treatment in one patient with a history of neutropenia during previous captopril therapy, Available data trom clinical trials 
of ACCUPRIL are insufficient to show that, in patients without prior reactions to other ACE inhibitors, ACCUPRIL does not cause 
agranulocytosis at similar rates. As with other ACE inhibitors, periodic monitoring of white blood celi counts in patients with cot- 
lagen vascular disease and/or renal disease should be considered. 
Fetal/Nenatal morbidity and mortality: ACE inhibitors, including ACCUPRIL, can cause fetai and neonatal morbidity and mortal- 
ity when administered to pregnant women. 
When ACE inhibitors have been used during the second and third trimesters of pregnancy, there have been reports of hypotension, 
tenal failure, skull hypoplasia, and death, Qligohydramnios has also been reported, presumably resulting from henant fetal rena! 
function; oligohydraminios has been associated with fetal imb contractures, craniofacial deformities, hypoplastic lung development, 
and intrauterine growth retardation. 
Prematurity and patent ductus arteriosus have been reported, although it is not clear whether these occurrences were due to the 
ACE-inhibitor exi or to the mother's underlying disease. It is not known whether exposure limited to the first trimester can 
adversely affect fetal outcome. 
A patient who becomes pregnant while taking ACE inhibitors, or who takes ACE inhibitors when already pregnant, should be 
apprised of the potential hazard to her fetus. if she continues to receive ACE inhibitors during the second or third trimester of 
pregnancy frequent ultrasound examinations should be performed to look for oligohydramnios, When oligohydramnios is found, 
ACE inhibitors should generally be discontinued. 
Infants with histories of in utero exposure to ACE inhibitors should be closely observed for hypotension, oliguria, and hyperkalemia 
H oliguria occurs, attention should be directed toward support of blood pressure and renal perfusion. Hemodialysis and peritoneal 
dialysis have little effect on the elimination of quinapril and quinaprilat. 
No fetotoxic or teratogenic effects were observed in rats at quinapril doses as high as 300 mg/kg/day (180 and 30 times the maxi- 
mum daily human dose when based on mg/kg and mg/m”, respectively), despite maternal toxicity at 150 mg/kg/day. Tested later in 
gestation and during lactation, reduced offspring body weight was seen at =25 mg/kg/day, and changes in renal histology (jux- 
taglomerular cell hypertrophy, tubular/pelvic dilation, glomerulosclerasis) were observed both in dams and offspring treated with 
150 mg/kg/day. Quinapril was not teratogenic in the rabbit; however, as noted with other ACE inhibitors, maternal toxicity and 
embryotoxicity were sean in some rabbits at quinapri! doses as low as 0.5 mg/kg/day (one time the recommended human dose) 
and 1.0 mg/kg/day, respectively, 
PRECAUTIONS 


General 
Impaired renal function: As a consequence of inhibiting the renin-angiotensin-aldosterone system, changes in renal function may 
be anticipated in susceptible individuals. In patients with severe heart failure whose renal function may depend on the activity of the 
fenin-angiotensin-aldosterone system, treatment with ACE inhibitors, including ACCUPRIL, may be associated with cliguria and/or 
Progressive azotemia and rarely acute renal failure and/or death. 
in clinical studies in hypertensive patients with unilateral or bilateral rena! artery stenosis, increases in blood urea nitrogen and 
serum creatinine have been observed in some patients following ACE inhibitor therapy. These increases were almost always revers- 
ible upon discontinuation of the ACE inhibitor and/or diuretic therapy. in such patients, renal function should be monitored during 
the first few weeks of therapy. 
Some hypertensive patients with no apparent preexisting renal vascular disease have developed increases in blood urea and serum 
creatinine, usually minor and transient, especially when ACCUPRIL has bean given concomitantly with a diuretic. This is more likely 
to aa in oot with preexisting renal impairment. Dosage reduction and/or discontinuation of any diuretic and/or ACCUPRIL 
may be required. 
Evaluation of hypertensive patients should always include assessment of renal funetion (see DOSAGE AND ADMINISTRATION). 
Hyperkalemia and potersium-sparing diuretics: in clinical trials, hyperkalemia {serum potassium 25.8 mmol/L) occurred in 
approximately 2% of patients receiving ACCUPRIL. In most cases, elevated serum potassium levels were isolated values that 
resolved despite continued therapy, Less than 0.1% of patients discontinued therapy due te hyperkalemia, Risk factors for the 
development of hyperkalemia include renal insufficiency, diabetes mellitus, and the concomitant use of potassium-sparing 
diuretics, potassium supplements, and/or potasslum-containing salt substitutes, which should be used cautiously, if at all, with 
ACCUPRIL (see PRECAUTIONS, Drug interactions}. 

anesthesia: in patients undergoing major surgery or during anesthesia with agents that produce hypotension, ACCUPRIL 
will block angiotensin H formation secondary to compensatory renin release. If hypotension occurs and is considered to be due to 
this mechanism, it can be corrected by volume expansion. 
information for Patients 
Angioedama: Angioedema, including laryngeal edema, can occur with treatment with ACE inhibitors, especially following the first 
dose. Patients should be so advised and told to report immediately any signs or symptoms suggesting angioedema (swelling of 
face, extremities, eyes, lips, tongue, difficulty in swallowing or breathing) and to stop taking the drug until they have consulted with 
their physician (see WARNINGS). 

bypotension: Patients shouid be cautioned that lightheadedness can occur, especially during the first few days of 
CUPRIL therapy, and that if should be reported to a physician. If actual syncope occurs, patients should be told to not take the 

drug until they have consulted with their physician (see WARNINGS). 
All patients should be cautioned that inadequate fluid intake or excessive perspiration, diarrhea, or vomiting can lead to an exces- 
sive fall in blood pressure because of reduction in fluid volume, with the same consequences of lightheadedness and possible 
Syncope. 
Patients planning to undergo any surgery and/or anesthesia should be told to inform their physician that they are taking 
an ACE inhibitor. 
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Hyperkalemia: Patients should be told not to use potassium supplements or salt substitutes containing potassium without consult 

ing their physician (see PRECAUTIONS). 

Neutropenia: Patients should be told to report promptly any Indication of infection (eg, sore throat, fever} which could be a sign of 

Neutropenia. 

NOTE: As with many other drugs, certain advice to patients being treated with ACCUPRIL is warranted. This information is intended 

to aid in the safe and effective use of this medication. It is not a disclosure of all possible adverse or intended effects. 

Drug interactions 

Concomitant diuretic therapy: As with other ACE inhibitors, patients on diuretics, especially those on recently instituted diuretic 

therapy, May occasionally experience an excessive reduction of blood pressure after initiation of therapy with ACCUPRIL. The possi- 

bility of hypotensive effects with ACCUPRIL may be minimized by either discontinuing the diuretic or cautiously increasing salt 

intake prior to initiation of treatment with ACCUPRIL. If itis not possible to discontinue the diuretic, the starting dose of quinapsil 

should be reduced (see DOSAGE AND ADMINISTRATION} 

Agents increasing serum potassium: Quinapril can attenuate potassium loss caused by thiazide diuretics and increase serum 

potassium when used alone. if concomitant therapy of ACCUPRIL with potassium-sparing diuretics (eg spironolactone, triam- 

terene, or amiloride}, potassium supplements, or patassium-containing salt substitutes is indicated, they should be used with 

caution along with appropriate monitoring of serum potassium (see PRECAUTIONS). 

Tetracycline and other drugs that interact with magnesium: Simultaneous administration of tetracycline with ACCUPRIL reduced 

the absorption of tetracycline by approximately 28% to 37%, possibly due to the high magnesium content in ACCUPRIL tablets 

This interaction should be considered if coprescribing ACCUPRIL and tetracycline or other drugs that interact with magnesium 

Lithium: increased serum iAhium levels and symptoms of lithium toxicity have been reported in patients receiving concomitant 

lithium and ACE inhibitor therapy, These drugs should be co-administered with caution, and frequent monitoring of serum fithium 

levels is recommended. If a diuretic is also used, it may increase the risk of lithium toxicity. 

Other agents: Drug interaction studies of ACCUPRIL with other agents showed: 

© Multiple dose therapy with propranolol or cimetidine has no effect on the pharmacokinetics of single doses of ACCUPRIL 

+ The anticoagulant effect of a single dose of warfarin (measured by prothrombin time) was not significantly changed by quinapril 
coadministration twice-Caily. 

o ACCUPRIL treatment did not affect the pharmacokinetics of digoxin. 

eho il neat interaction was observed when single doses of ACCUPRIL and hydrochiorothiazide were administered 
concomitantly. 

Carcinogenesis, Mutagenesis, impairment of Fertility 

Quinapril hydrochloride was not carcinogenic in mice or rats when pen in doses up to 75 or 100 mg/kg/day (50 to 60 times the 

maximum human daily dose, respectively, on a mg/kg basis and 3,8 to 10 times the maximum humar: daily dose when based on a 

mg/m basis) for 104 weeks, Female rats given the highest dose level had an increased incidence of mesenteric lymph node hema- 

ngiomas and skin/subcutaneous tipomas. Neither quinapril nor quinaprilat were mutagenic in the Ames bacterial assay with or 

without metabolic activation. Quinapril was also negative in the following genetic toxicology studies: in vitro mammalian cell point 

mutation, sister chromatid exchange in cultured mammalian cells, micronucleus test with mice, in vitro chromosome aberration 

with V79 cultured lung cells, and in an in vivo cytogenetic with rat bone marrow, There were no adverse effects on fertility or 

mprdiction in rats i doses up to 100 mg/kg/day (60 and 10 times the maximum daily human dose when based on mg/kg a 

mg/m”, respectively 


Pregnancy 

Pregnancy Category D: See WARNINGS, Fetal/Neonatal morbidity and mertality, 

Nursing Mothers 

ftis not known if quinapril or its metabolites are secreted in human milk, Quinapril is secreted to a limited extent, however, in milk 

of lactating rats (5% or lass of the plasma drug concentration was found in rat milk). Because many drugs are secreted in human 

milk, caution should be exercised when ACCUPRIL is given to a nursing mother. 

Geriatric Use 

Elderly patients exhibited increased area under the plasma concentration time curve (AUC) and peak levels tor quinapritat compared 

to values observed in younger patients; this appeared to relate to decreased rena! function rather than to age itself. in controlled and 

uncontrolled studies of ACCUPRIL where 918 (21%) patients were 65 years and older, no overall differences in effectiveness or 

ay von observed between older and younger patients. However, greater sensitivity of some older individual patients cannot be 

ruled out. 

Pediatric Use 

The safety and effectiveness of ACCUPRIL in children have not been established 

ADVERSE REACTIONS 

ACCUPRIL has been evaluated for safety in 4960 subjects and patients. Of these, 3203 patients, including 655 elderly patients, 

Participated in controlled clinical trials. ACCUPRIL has been evaluated for iong-term safety in more than 1400 patients treated for 
year or more. 

Adverse experiences were usually mild and transient 

Discontinuation of therapy because of adverse events was required in 4.7% of patients treated with ACCUPRIL in placebo-controlled 

hypertension trials. 

Adverse expariences probably or possibly related to therapy or of unknown igs to therapy occurring in 1% or more of the 

1563 patients in placebo-controlied hypertension trials who were treated with ACCUPRIL are shown below. 


Adverse Events in Placebo-Contralled Trials 








ACCUPRIL Placebo 

(N= 1563} (N= $79) 

Incidence incidence 

(Discontinuance) {Discontinuance} 

Headache 5.6 ba 10.9 (0.7) 
Dizziness 3.9 (0.8) 2.6 0.2) 
Fatigue 2.6 (0.3 10 
Coughing 2.0 (0.5 0.0 
Nausea/Vomiting 1.4 (0.3 1.9 10.2) 
Abdominal Pain 1.0 (0.2) 07 





Clinical adverse experiences probably or possibly related, or of uncertain relationship to therapy, occurring in 0.5% to 1.0% (except 
as noted) of the patients treated with ACCUPRIL (with or without concomitant diuretic) in controlled or uncontrolled trials 

(N= 4397} and less trequent, belt Significant events seen in clinical trials or post-marketing experience (the rarer events are in 
italics) include (fisted by body system): 

General: back pain, malaise 

Cardiovascular: paipitation, vasodilation, tachycardia, heart failure, hyperkalemia, myocardial infarction, cerebrovascular accident, 
hypertensive crisis, angina pectoris, orthostatic hypotension, cardiac rhythm disturbances 

Gastrointestinal: dry mouth or throat, constipation, gastrointestinal hemorrhage. pancreatitis, abnormal liver function tests 
Nervous/Psychiatrie: somnolence, vertigo, syncope, nervousness, depression 

Integumentary: increased sweating, pruritus, exfoliative dermatitis, photosensitivity reaction 

Urogenital: acute renal failure 

‘Other: amblyopia, pharyngitis, sinusitis, bronchitis, agranulocytosis, thrombocytopenia 

Angioedema: angioedema has been reported in patients receiving ACCUPRIL (0. 1%). Angioedema associated with laryngeal 
edema may be fatal. If angioedema of the face, extremities, lips, tongue, glottis, and/or larynx occurs, treatment 

with ACCUPRIL should be discontinued and appropriate therapy instituted immediately. (See WARNINGS.) 

Clinical Laboratory Test Findings 

Hematology: (See WARNINGS) 

Hyperkalemia: (See PRECAUTIONS) 

Creatinine and blood urea nitrogen: increases (1.25 times the upper limit of normal] in seum creatinine and blood urea nitrogen 
were observed in 2% and 2%, respectively, of patients treated with ACCUPRIL alone, increases are more likely 

to occur in patients receiving concomitant diuretic therapy than in those on ACCUPRIL alone These increases often remit 

on continued therapy. 


* In some patients, the antihypertensive effect may diminish toward the end of the 
once-daily dosing interval. In such patients, an increase in dosage or twice-daily 
administration may be warranted. 
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* In some patients, the antihypertensive effect may 
diminish toward the end of the once-daily-dosing 
interval. In such patients, an increase in dosage or 
twice-daily administration may be warranted. 


Please seë brief summary of prescribing information on last page of this advertisement: 
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introduction 


Aram V. Chobanian, mD 


r Vhis supplement is concerned with the use of 
calcium antagonists in the treatment of 
hypertension and its cardiovascular compli- 

cations. These agents have diverse actions that 

make them suitable for a wide spectrum of hyper- 
tensive patients. As noted in the recommendations 
of the Fourth Joint National Committee on the 

Detection, Evaluation, and Treatment of Hyperten- 

sion,' calcium antagonists, along with diuretics, B 

blockers, and angiotensin-converting enzyme 

(ACE) inhibitors, can be considered as appropri- 

ate first-step drug therapy for hypertensive pa- 

tients. They also are useful in combination with 
other antihypertensive medications and as treat- 
ment for hypertensive emergencies or urgencies. 

Further, because of the cardiac actions of calcium 

antagonism, these drugs may have a useful role in 

hypertensive patients with angina pectoris, im- 

paired diastolic relaxation of the heart, or left 

ventricular hypertrophy. 

The introductory article of this supplement 
provides a summary of the vascular effects of 
hypertension and the clinical sequelae of, such 
changes. Recent data are reviewed regarding the 
cellular and molecular changes that develop in the 
arterial wall in response to hypertension. In addi- 
tion, experimental data on the influence of antihy- 
pertensive drugs on the development of atheroscle- 
rosis in hypercholesterolemic animals and on the 
development of iatrogenic vascular lesions follow- 
ing balloon injury of the intima are examined. 
These findings provide possible new approaches to 
the treatment of atherosclerotic disease in humans. 

The article by Katz is an excellent summary of 
the cardiac and vascular actions of calcium and the 
molecular basis for the action of calcium antago- 


From Boston University School of Medicine, Boston, Massachu- 
setts. Supported by NIH Grant HL 47124 (Hypertension SCOR). 

Address for reprints: Aram V. Chobanian, MD, Whitaker 
Cardiovascular Institute, Boston University School of Medicine, 80 
East Concord Street, Boston, MA 02118. 


nists. As noted, calcium itself can act as an electri- 
cal messenger, which can cause membrane depolar- 
ization of both the sinoatrial and atrioventricular 
nodes. In the heart, the binding of calcium to 
troponin, a regulatory protein of the cardiac sar- 
comere, can cause systole. In blood vessels, calcium 
binding to the protein calmodulin can lead to 
smooth muscle contraction. Katz discusses the data 
on the structures of both troponin and calmodulin. 
Both belong to a family of calcium-binding proteins 
that contain helical sequences and a configuration 
of oxygen-containing amino acids, which provide 
high-affinity binding sites for calcium. Katz also 
characterizes the known molecular structures and 
amino acid sequences of the different types of 
calcium channels, as well as the binding sites of 
calcium antagonists and their effects on the cal- 
cium channels. 

Weinberger summarizes data from clinical trials 
regarding the action of antihypertensive drugs on 
cardiovascular complications. He reviews the meta- 
bolic action and side effects of the different classes 
of antihypertensive agents and provides a rationale 
for the use of calcium antagonists in hypertensive 
patients. 

Devane and colleagues summarize the character- 
istics of a new drug delivery system, the so-called 
INDAS preparation, which is used in the nife- 
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(sustained release formulation. With — 


: - thi preparation the major absorption of nifedipine 
appears to occur in the large intestine. Compared 


dations for the we a the dif 
antihypertensive drugs in the « 





_. with conventional therapy with nifedipine, this new 


formulation provides lower peak levels and less 
fluctuation of blood levels of nifedipine, and a 


much longer duration of antihypertensive effect. 
White’s article reviews the current status of the 
use of ambulatory blood pressure monitoring in the 
evaluation and follow-up of hypertensive patients 
and in the assessment of drug effects in clinical 
trials. He demonstrates how 24-hour blood pres- 
sure. data, which typically show considerable vari- 
ability in blood pressure readings, can be trans- 
formed to smooth curves by Fourier waveform 
analysis. for comparison of treatment effects. In 
addition, he reports new data showing comparable 
blood pressure-lowering effects of nifedipine-SR 
and verapami!-SR. 
The article by Hall provides a comprehensive 


review of the problem of hypertension in the 
elderly population. Clinical trial data, particularly 
on the recently completed Systolic Hypertension in 
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In addition, the data from a st 
action of lisinopril with that of nifedipine-SR are 
reviewed. 

Finally, Carr and colleagues review their fn 
ings on the blood pressure effects of nifedipine-SR. 
Their observations suggest good antihypertensive | 
efficacy of the drug, with a duration of action that - 
requires only once-daily dosing. : 

The reports from this symposium provide 
ther support for the value of calcium antago 
the treatment of hypertension. They also point 
the usefulness of the INDAS drug delivery syste 
for administering nifedipine in a manner 
requires only once-daily dosing.. 
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Hypertensic is a major risk factor for cardiovas- 
[lias iaains, Leceahing coronan Srtary danso 
(CAD), stroke, left ventricular hypertrophy (LVH), 
: re heart failure, peripheral vascular dis- 
ease, renal failure, and aortic aneurysms. It is 
also a potent promoter of atherosclerosis. Ob- 
‘servational studies have shown a linear relation- 
ship between a wide range of blood pressures 
E Hep risk for CAD avd Stroke, Clinical trials 









to the predicted reduction in stroke incidence, 
but that CAD incidence is affected to a lesser ex- 
tent than predicted. The modest effect of tradi- 
tional antihypertensive drugs on CAD may be due 
Sa pavarai factors, kiciading Faihiro to fevers 





E a tt onus teams 
particularly in black males, but control of the hy- 
pertension does not necessarily prevent deterio- 
tation of renal function. Increased glomerular 
pressure is thought to play a causative role in the 
development of renal failure in hypertensive and 
diabetic patients. Antihypertensive drugs may 
have a direct effect on the arterial wall, which 
may be independent of their antihypertensive 
action. Beta-adrenergic blockers, calcium antag- 


onists, and angiotensin-converting enzyme (ACE) | 


inhibitors inhibit the development of vascular le- 
sions in response to hypercholesterolemia or to 
iatrogenic balloon injury, but the clinical impor- 
tance of these observations remains to be deter- 
mined. 

(Am J Cardiol 1992;69:3E—7E) 
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Vascular Effects of Systemic Hypertension | 
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levation of systolic and/or diastolic blood 
Bees even of mild degree, is a major 

risk factor for all important cardiovascular 
complications and cardiovascular mortality,’ Epi- 
demiologic studies such as the Framingham Heart 
Study have shown that hypertensive individuals are 
at much higher risk for such clinical problems as 
coronary artery disease (CAD), myocardial infarc- 
tion, sudden death, stroke, peripheral vascular 
disease, and congestive heart failure (Figure 1). 
The risk is particularly great when elevated blood 
pressure is combined with other risk factors, such 
as hypercholesterolemia, smoking, diabetes, or left 
ventricular (LV) hypertrophy’ (Figure 2). 

_ The increased risk for both CAD and stroke 
appears to be progressive from low to markedly 
elevated blood pressure levels. Observational stud- 
ies have indicated that throughout the range of 
diastolic blood pressures of 75-105 mm Hg, a 
roughly linear relation exists between blood pres- 
sure and both CAD and stroke‘ (Figure 3). 

On the other hand, the results of some clinical 
trials have suggested that reduction. of diastolic 
blood pressure below a certain nadir, such as 85 
mm Hg, might be associated with an increase in 
complications of CAD.>~’ Although. the observa- 
tional data indicate a small risk of cardiovascular 
disease in individuals with very low levels of blood 
pressure, the findings might not be applicable to 
treated hypertensive patients. with CAD or LV 
hypertrophy who might experience adverse effects 
when blood pressure is reduced to a level that 
might jeopardize adequate myocardial perfusion. 

Failure of treatment to cause large reduction in 
CAD also might be related to adverse metabolic 
effects of antihypertensive agents, e.g., diuretic- _ 
induced hypokalemia, hyperlipoproteinemia, and 
insulin insensitivity. However, the clinical impor- 
tance of such changes is unknown. Large clinical 
trials are urgently needed to compare the action of 
different classes of antihypertensive drugs on car- 
diovascular complications and. atherosclerosis: 

A high rate of concomitant cardiovascular risk 
factors is present in hypertensive individuals. For 
example, approximately 40% of hypertensive pa- 
tients have hypercholesterolemia, and 46% of hy- 
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_ percholesterolemics are hypertensive.* Similarly, 
hypertension and hypercholesterolemia are unusu- 
ally common in diabetics. Control of a single risk 
factor, such as hypertension, may be inadequate to 
prevent the complications of the disease,® unless 
perhaps other risk factor abnormalities also are 
managed. 


ARTERIAL EFFECTS OF HYPERTENSION 

Hypertension typically causes major alterations 
in both the arterial media and intima. 

Media: The most prominent change in the 
media is the increase in wall thickness, which 
counteracts the rise in wall tension associated with 
elevated intramural pressure. Both the total smooth 
muscle cell mass and the connective tissue content 
increase. In experimental models of chronic hyper- 
tension, medial smooth muscle cell hypertrophy is 
usually associated with nuclear polyploidy and 
increase in cellular DNA content.?!° Smooth mus- 








cle cell hyperplasia also asl i 
hypertensive models.!! ‘Several growth factors m 
be produced by the smooth muscle cells. 
culture studies have demonstrated the gene expre 
sion of a number of. growth factors, including 
platelet-derived growth factor (PDGF), transform- 
ing growth factor-B, insulin growth factor, acidic — 
and basic fibroblast growth factor, and epidermal — 
growth factor. Endogenous growth factors could _ 
be affected by hypertension and thereby modulate : 
the growth of vascular cells by autocrine or para- 
crine mechanisms. We have observed that. eleva- 
tion in blood pressure can cause an increase in 
gene expression of transforming growth factor B-1 
and also the cellular receptor that binds the B-chain | 
of PDGF.'3"4 Interestingly, several vasoconstrictor 
agents—incl uding epinephrine, norepinephrine, va- 
sopressin, angiotensin II, endothelin, and seroto- 
nin—can stimulate growth of cultured smooth 
muscle cells, whereas vasodilator agents such as — 
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according to the number of risk factors. 
Top. Risk factors are defined as a total 
cholesterol level of 5.17-6.18 mmol/L 
(200-239 mg/dL), systolic blood pres- 
sure of > 140 mm Hg and cigarette. 
smoking. Bottom. Risk factors are de- 
fined as a total cholesterol level of — 

= 6.21 mmol/L (240 mg/dL), systolic 
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ment of Patients with Hypertension and 
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ium-derived relaxing factor (nitric oxide) 
ial natriuretic factor may inhibit growth.'5.1¢ 
lose relation may exist between modula- 
vascular tone and vascular growth. 

ral connective tissue components of the 
ial media, including collagen, elastin, fi- 
ctin, and glycosaminoglycans, also are’ in- 
ed by hypertension. t" Changes in fibronec- 
hich is known to be involved in wound healing 
nd thrombosis, may play.a role in cellular growth 
differentiation? and could conceivably be one 
of the mediators of the smooth muscle growth 
induced by hypertension.” 

_ Intima: Various endothelial abnormalities are 
associated with hypertension. These include in- 
crease in number and change in shape of endothe- 
lial cells, increased permeability to macromole- 
cules (including lipoproteins), and reduced 
endothelium-induced relaxation.” Circulating white 
blood cells adhere in increased numbers to the 
endothelial surface, and monocytes penetrate into 
the intima and accumulate there as macrophages. 


















Smooth muscle cells of medial origin are stimu- 
lated to migrate into and accumulate in the intima. 
These various changes, summarized in Figure 4, 
appear to promote the development of atheroscle- 
rosis unless serum lipids are at low levels. 


MICROVASCULATURE 

Diffuse arteriolar changes are usually associated 
with chronic blood pressure elevation. The wall of 
the arteriole thickens as a result of increased 
numbers of smooth muscle cells” and connective 
tissue components. The greater wall thickness can 
lead to increased peripheral vascular resistance, as 
well as enhanced vascular reactivity in response to 
vasoconstrictive stimuli.” In addition, reduced per- 
fusion of tissues may result. 

Marked elevations in blood pressure, particu- 
larly of relatively sudden onset, can cause inflamma- 
tion and necrosis of arterioles, leading to the 
clinical syndrome of malignant hypertension. The 
process is usually diffuse and can adversely affect 


the function of several organs, most notably the 
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© kidney. Renal failure is the major cause of death 
with malignant hypertension. Cerebral edema with 

encephalopathy also may develop because of fail- 
ure of vasoconstrictive systems that normally pro- 
tect the brain from marked blood pressure eleva- 
tion. 


CONICAL, CONSEQUENCES OF VASCULAR 
Heart: Hypertension promotes the develop- 
ment of coronary atherosclerosis** and thereby 
increases the risk for myocardial infarction and 
sudden death. Microvascular changes in the myo- 
cardium also may play a role. Even in the absence 
of angiographically demonstrable CAD, hyperten- 
sive patients appear to have reduced coronary 
reserve in association with increased coronary 
vascular resistance,” presumably on the basis of 
disease of the small arteries and arterioles. Coro- 
nary microvascular changes may be particularly 
important in hypertensive patients with LV hyper- 
trophy, which increases oxygen demand by the 
heart. Inability to meet the added demand because 
of small vessel disease could lead to focal ischemia 
< and possible arrhythmias. 
; y: In malignant hypertension, as noted 
ii extensive damage to small arteries and 
arterioles of the kidneys will occur, leading to renal 
_ failure unless early blood pressure lowering is 
achieved. With nonmalignant hypertension, the 
arteriolar sclerosis typically will involve the af- 
< ferent glomerular arterioles and cause glomerular 
ischemia, fibrosis, and loss. of nephrons. Renal 
failure may result in some individuals, especially 
black males, who appear to be particularly predis- 
` posed to developing the problem.” 
Antihypertensive therapy does not necessarily 
prevent the progression of renal failure. Recent 
experimental studies?” in animals have suggested 
that reduction of glomerular pressure by angioten- 
gin converting enzyme (ACE) inhibitors will re- 
duce the rate of progression of renal failure, but 
< the clinical importance of the findings remains to 
be determined. 

Diabetes mellitus is a common cause of hyper- 
tension and secondary renal disease. It also is a 
leading cause of renal failure requiring dialysis or 
transplantation. Strict control of both diabetes and 
“hypertension may be needed to prevent renal 
failure, but the optimal therapeutic regimen re- 
‘mains to be determined. 

Brain: Hypertension is the major cause of stroke. 
Atherosclerosis of the large arteries of the neck 
and of intracranial vessels can lead to either 








thrombotic or embolic stroke. 
arterioles also may. become involved, leading to 
small cerebral infarcts. These lacunar infarcts of- _ 
ten are asymptomatic because of their small size 
and location. However, they can lead to specific ’ 
sensory or motor disabilities. : 
Hypertension may induce cerebral hemorrhage- 
by causing rupture of either large or small cerebral | 
vessels. Many of the hemorrhages may originate 
from regions of aneurysmal dilation of small ves- 
sels, the so-called Charcot-Bouchard aneurysms. 
Experimental studies have suggested that nutri- 
tional factors, such as a high protein or potassium _ 
intake, may reduce the risk of stroke in hyperten- - 
sive rats.” The mechanisms behind such pre : 
tion are unknown. 
Aorta: Dissecting aneurysms of the aorta are 
a complication of hypertension, and acute lowering 
of blood pressure is an important part of the 
therapeutic regimen for this condition. Aortic aneu- 
rysms secondary to atherosclerotic disease also are _ 
much more common in hypertensive than normo- _ 
tensive individuals. a 


EFFECTS OF ANTIHYPERTENSIVE DRUGS ON 
EXPERIMENTAL ATHER t0SIS 

Various antihypertensive dru 8, i - 
renergic blockers, calcium antagonists, and the 
ACE inhibitor captopril, have been shown to. 
diminish the development of atherosclerosis ins 
hypercholesterolemic animals?" Calcium antago- ` 
nists?” and ACE inhibitors? also can reduce the 
size of plaques that form following balloon angio- 
plasty. The mechanism for the vascular protective 
effect of these drugs is unknown, although inhibi- 
tion of vascular cell growth and reduction of blood 
pressure and hemodynamic stresses on the arterial 
wall are common to all of these agents. Unlike 
ACE inhibitors, calcium antagonists and ß 
blockers have not proven effective in the Watanabe 
heritable hyperlipidemic rabbit with a defect in the 
low density lipoprotein (LDL), but it is un- 
known whether the integrity of the LDL receptor is 
required for their action. l 
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Utilizing Ambulatory Blood Pressure Recordings 
To Evaluate Antihypertensive Drug Therapy 
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Until recently, the efficacy and pharmacodynam- 
ics of antihypertensive agents were assessed by 
resting blood pressure measurements in the doc- 
tor’s office or a research clinic. The limitations of 
-the office or clinic blood pressure measurement 
include the lack of representation (from record- 

ing only 1 point of time in the dosing schedule), 

the effects of the doctor's office on the patient's 


me blood pressure, and, perhaps more relevant, ob- 


server bias. Ambulatory monitoring of the blood 
pressure has gained worldwide acceptance as an 
alternative method to assess antihypertensive 
drug efficacy and the time—effect relation of a 


i analysis of ambulatory blood pressure data, in- 
ternational consensus groups are presently ad- 
dressing this problem. Key roles for ambulatory 

blood pressure recordings in clinical trials ofanti- 

_ hypertensive agents now include determination 
of the entry criteria for patients, improving the 

assessment of peak/trough pharmacodynamics 
in the patient’s own environment (including noc- 
turnal/sleep readings), and evaluating efficacy 
through calculation of the hypertensive burden, 
or blood pressure load. 

(Am J Cardiol 1992:69:8E-12E) 
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ago, we stated that noninvasive ambulatory 
blood pressure (BP) monitoring was still an- 
uncommon method for assessing the treatment of 
hypertension.! Since that time, dozens of studies. 
have been performed with ambulatory BP record- 
ings, and these have demonstrated that unique 
information is derived from these data, especially 
in terms of assessing antihypertensive therapy. The 
key features of ambulatory BP data that enhance 
assessment of antihypertensive drugs fall into the 
following categories: lack of observer bias com- 
pared with clinic measurements, improvement in 
the selection process for entry into the: study, z 
ability to evaluate the pharmacodynamics of an 
antihypertensive drug in the patient’s own envi- 
rons, and the assessment of efficacy using a variety 
of analytic methods to determine the hypertensive 
burden. ae 
This article will review the above features and 
put them into perspective for the assessment of 
antihypertensive therapy in clinical research. Back- 
ground information on ambulatory BP monitor- 
ing—such as recorder precision** and relation 
between ambulatory BP and hypertensive target 
organ involvement®*—has been reviewed in other 
comprehensive publications. 


[: an editorial written approximately 4 years 


Recently, Bruce and colleagues? reported that 
nurse clinicians demonstrated observer bias within 
a short period of time following rigorous training 
sessions with a random zero sphygmomanometer. 
While the random zero sphygmomanometer avoids 
digit preference, it does not affect bias by a 
clinician performing the auscultation. 

The phenomenon of observer bias is likely to be 
an important factor in much of the so-called 
“placebo response” by patients in clinical trials. In 
some studies of mild hypertension in which pla- 
cebo is administered chronically, BP decreases by 
as much as 5-15 mm Hg." In the recent Systolic 
Hypertension in the Elderly Program (SHEP) 
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study, systolic pressure decreased persistently by 
about 12 mm Hg in the placebo group." In long- 
term studies such as these, it is difficult to deter- 
mine the role of observer bias in the creation of a 
placebo response. Certainly, much of the reduction 
of BP with placebo therapy is due to the familiarity 





he study patient develops with the medical care 
environment following several visits. 

_ On the other hand, in short-term studies of 4-8 

weeks: most patients with “white-coat” or “office” 
hypertension do not have a large reduction in office 
or clinic BP.'*"'4 Thus, these patients could theoret- 
ically show a persistence of hypertensive readings 
in the clinic environment, despite placebo therapy. 
Observer bias yields the expectation of a change in 
BP during a double-blind therapy phase of a 
research trial and in a short-term study is likely to 
play a role in the generation of a placebo effect." 
_ Incontrast to office BP measurements, ambula- 
tory] BP measurements do not appear to be affected 
by placebo therapy.!~8 For example, we recently 
performed a double-blind study comparing the 
effects of a long-acting angiotensin-converting en- 
zyme (ACE) inhibitor, cilazapril, versus placebo on 
casual versus ambulatory BP readings.'® There was 
a nonsignificant change in 24-hour average, awake, 
and sleep BP readings for placebo, but all of these 
parameters were lowered significantly by cilazapril. 
In our particular study, placebo also did not cause 
a significant effect on clinic BP readings. In other 
similarly designed studies by Gould et al? and 
Dupont et al,'® clinic BP readings significantly 
decreased in response to placebo, but no signifi- 
cant changes occurred when ambulatory pressure 
was: measured either intraarterially or noninva- 
sively. These findings generally support the use of 
ambulatory monitoring in clinical drug trials, since 
observer bias is effectively removed as a confound- 
ing source of BP variability. - 





SELECTION CRITERIA FOR TRIAL ENTRY BASED 
ON AMBULATORY BLOOD PRESSURE VALUES 

As reported by our clinical laboratory,!? and 
that of Pickering and colleagues," white-coat or 
office hypertension is quite prevalent in the mildly 
hypertensive patient population (12-21%) depend- 
ing on the criteria used for the diagnosis. These 
patients may not be appropriate candidates for 
participation in an antihypertensive trial, since 
they may show little, if any, BP response to certain 
agents.!° 

The first study that examined this problem was 
by Weber and colleagues.” In their study of dilt- 





iazem-SR (sustained-release), patients were cho- 
sen for study entry based on a casual, or clinic, 
diastolic pressure >95 mm Hg. Both casual and 
ambulatory BP readings were measured at the end 
of a placebo baseline period and following 12 
weeks of double-blind therapy (placebo vs dilt- 
iazem-SR). There were no casual or ambulatory 
BP responses to placebo therapy. Patients with 
hypertension outside of the doctor’s office re- 
sponded significantly to diltiazem-SR monother- 
apy with a mean decrease in ambulatory systolic/ 
diastolic BP of 18/13 mm Hg compared with 
baseline. In contrast, ambulatory BP did not de- 
crease significantly in the white-coat hypertensive 
patients randomized to diltiazem-SR. Data from 
other studies suggest a similar lack of effect of 
calcium antagonists in white-coat hypertensives; 
much less is known about other classes of antihyper- 
tensive drugs. 

The type of findings. described above support 
the use of ambulatory BP recordings to establish 
entry criteria into an antihypertensive drug trial. 
Although this process will obviously increase the 
time necessary to screen patients, the population 
selected will include those patients who in fact 
require drug treatment and who will demonstrate a 
response to antihypertensive therapy. Further- 
more, appropriate patient selection, along with the 
superior reproducibility of ambulatory BP record- 
ings compared with casual pressure measure- 
ments,” will allow the sample size of each study 
group to be substantially reduced. 


EVALUATING PHARMACODYNAMICS WITH 
AMBULATORY BLOOD PRESSURE MONITORING 

Approximately 3 years ago, the Food and Drug 
Administration (FDA) initiated the requirement 
of obtaining data on trough and peak BP effects 
during antihypertensive drug trials. The trough BP 
effect is calculated from BP values obtained in the 
clinic at the end of the dosing interval (e.g., 12 or 24 
hours). The peak BP effect represents the maximal 
BP-lowering effect of the study drug during a 
particular dosing period,!?? with peak BP effect: 
being calculated as: 


(baseline BParug) — 


When. these data are obtained from casual, 
resting measurements, study patients generally 
must spend the equivalent of the dosing period in 
the clinical research unit. However, use of resting 
BP data to assess long-term pharmacodynamic 
drug effects has certain limitations, e.g., BP mea- 


(baseline BP piacebo) 
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_ surements in 1 the patient’s own environment during 


activities of daily living are unobtainable, and 


‘patients who are available for study participation 
over long periods of time are required. This often 
skews the demographics of the study population to 
include mostly elderly and unemployed patients. 
In contrast to resting BP measurements, ambu- 
latory BP monitoring allows the trough and peak 


calculations to be performed on patients within — 


their own environment performing their normal 
daily activities. In addition, patients need not 
report to a clinic or study site in order to obtain BP 
measurements, and thus a wider demographic base 
of individuals can participate in such pharmacody- 
namic assessments. 

_. An example of using ambulatory BP recordings 
to determine the pharmacodynamic effects of anti- 
hypertensive agents is shown in Figure 1. These 
data represent the findings of a randomized, double- 
blind, placebo-controlled, comparative trial of sus- 
tained-release nifedipine (20-100 mg once daily) 
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versus verapamil-SR (sustained-release; 240 mg 
once daily to 240 mg twice daily) on ambulatory 
BP.» Study drug dosage titration occurred at 
2-week intervals if the supine diastolic BP readings 
in the clinic were >85 mm Hg. Ambulatory BP 
monitoring was performed after 7 weeks of drug 
treatment. Of 223 patients, 70% were taking 100 
mg of nifedipine-SR once daily while 77% of the. 
patients randomized to verapamil-SR were taking 
240 mg twice daily. The hourly mean BP changes | 
from baseline post-dosing were similar for the 2 
drugs, and it is evident that the antihypertensive 
effects were present throughout the 24 hours of BP 
monitoring. Using these unsmoothed curves, the. 
peak diastolic BP response to nifedipine-SR was at 
4.5 hours and for verapamil-SR peak effect was at 6 
hours. 
The 24-hour curves were transformed by Fou- 
rier analysis because of the variability of the 
unsmoothed data (Figure 1). (Fourier transforms 
are a type of time series analysis often used in such. 
situations to regress the curve mathematically ac- 
cording to the periodicity within the data.4>) The 
smoothed curves yielded peak-effect times of 8 
hours for verapamil-SR and 9 hours for nifedipine- 
SR. Utilizing these times, the trough and peak BP: 
rëductions (minus placebo values) were calculated 
and statistically compared (Figure 2). In addition, 
from the trough and. peak diastolic BP values a 
ratio was calculated and, in the example shown, the 
ratio was. 66% for once daily nifedipine-SR and 
60% for once or twice daily verapamil-SR. These 
data illustrate that the trough effect of these drugs 
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| TABLE 1 Methods of sf Analai of mR Blood Pressure | 
| Data 


: : Measures of centrality 

_ Mean and median blood pressure (for 24-hour period, awake, sleep, 
ete.) 
E - Blood pressure load (percentage of elevated values} 

“Integrated area under the curve (using threshold values) 


| Visual methods and analysis of diurnal variability 
Evaluation of the unsmoothed curve 
=: „Evaluation of the smoothed curve (cosinor, Fourier, spline) 





| Assessment according to.activities and activity level 
»-Relate blood pressure to periods of work, sleep, posture, exercise levels d 











is not countered by an excessive, unsafe peak 
effect. 


METHODS OF ANALYSIS OF AMBULATORY 
BLOOD PRESSURE DATA To EVALUATE 
EFFICACY 

< In addition to noted bénesite of ambulatory BP 
re cordings to assess the trough and peak hemody- 
namic effects of a new antihypertensive drug, this 
methodology is also useful to assess clinical ef- 
ficacy. There is compelling evidence that ambula- 
tory BP is superior to casual or clinic BP in 
predicting target organ involvement in hyperten- 
sion.°*4 Because ambulatory BP represents the 
average daily BP, many experts have advocated its 
use in evaluating antihypertensive efficacy. Several 
methods of analysis have been. proposed in deter- 
mining efficacy via ambulatory BP data (Table 1). 

_ The mean or median BP remains a standard 
parameter that can be averaged over 24 hours, 
while awake or asleep, or during standardized 
blocks of time. The 24-hour mean BP has been 
shown to be a stronger determinant of left ventric- 
ular hypertrophy than casual BP in several stud- 
ies.751426 The median BP value may be superior 
from a mathematical point of view, because it is 
less affected by outliers than the mean BP. 

“BP load” is a simple concept that defines the 
proportion of BPs that are abnormal over a 24- 
hour period.?’ Use of the BP load is supported by 
data from our laboratory that related the ambula- 
tory pressure to left ventricular structural and 
functional indexes. In each index assessed, the 
correlation between BP and the cardiac changes 
was closer for the load than for the average BP 
level. 

At present, it is not possible to advocate just one 
type of analysis to assess the ambulatory BP data in 
antihypertensive trials. It appears prudent to per- 
form several complementary analyses, including 
visualization of the curve, calculation of the mean 
or median BP for periods of interest, and to 









analyze the area under the BP curve above thresh- 
old values as an additional measurement of 
efficacy. Utilized together, these methods will yield 
the most comprehensive information about the 
efficacy and duration of efficacy of an antihyperten- 
sive agent. 
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As shown by large-scale clinical trials, the antihy- 
pertensive effectiveness of diuretics has been 
associated with a dramatic decrease in the inci- 
dence of stroke. This. ase, however, has not 
been accompanied by a similar reduction in ath- 
erosclerotic complications of hypertension, per- 
haps because other risk factors are important 
to cardiovascular disease. In partic- 
ular, a pathophysiologic relationship appears to 
exist between high biood pressure, left ventricu- 
lar hypertrophy, diabetes and dyslipidemia. Thus, 
metabolically neutral antihypertensive agents 
such as calcium antagonists, which have no ad- 
verse effects on serum lipids and insulin sensitiv- 
ity and can reduce left ventricular mass, are par- 











ied pennant! eatmer of hyperten- 
(Am I Cardiol 1982;68:13E--266) 


ccording. to a recent survey conducted by 
the National Center for Health Statistics, 


ssential hypertension remains the most 
common chronic medical illness for which patients 
visit a physician.! However, the significance of 
elevated blood pressure derives not so much from 
its frequency as from its impact on cardiovascular 
disease. Hypertension remains a major risk factor 
for every form of cardiovascular disease, and partic- 
ularly for stroke, myocardial infarction, congestive 
heart failure, and renal failure. A variety of antihy- 
pertensive drug classes are indicated for monother- 
apy of hypertension (Table I). An emerging body 
of evidence has demonstrated that the majority of 
conventional antihypertensive trials, typically utiliz- 
ing the diuretic first, stepped-care treatment algo- 
rithm, have been associated with a dramatic reduc- 
tion in the occurrence of stroke. However, the 
benefits in terms of reducing atherosclerotic com- 
plications such as myocardial infarction and sud- 


den death have been inconsistent.’ 
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The reasons for this disappointing failure of 
conventional antihypertensive therapy have been 
the subject of substantial debate. It is possible that 
conventional agents may adversely affect other risk 
factors contributing to cardiovascular disease. In 
the initial Framingham study, elevated blood pres- 
sure, as well as elevated cholesterol, diabetes 
mellitus, cigarette smoking, obesity, and left ventric- 
ular hypertrophy (LV) were found to be important 
contributing factors to cardiovascular disease.’ The 
coexistence of more than one of these factors has 
been shown to have an additive effect on the risk 
for cardiovascular events. ' 

In view of recent findings that dyslipidemic 
patterns are present in the majority of hypertensive 
patients,‘ the impact of antihypertensive treatment 
on these risk factors needs to be scrutinized: 
Similarly, it appears that insulin resistance, a pre- 
cursor to frank diabetes mellitus, may be present in, 
a large number of hypertensive subjects and may 
have a pathophysiologic relation to the elevated 
blood pressure itself.° Further, an increase in LV 
mass, as identified by echocardiography, has been 
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| TABLE Antihyzertensive Agents Indicated for Monotherapy 










Diuretics ae 
Adrenergic inhibitors 
Adrenergic: raceptor blockers, a and B 
Central adrenergic modulators 
Angiotensin-converting enzyme (ACE) inhibitors 
Calcium antagonists 
_ Direct vasodilators 
Drugs with combined actions 
oe and p-adrenergic blockers 
‘Diuretics and adrenergic blockers with vasodilator properties 




















TABLE iI Selected Metabolic Effects of Antihypertensive Drugs 
by Class 





Pharmacologic Class Metabolic Effects 





Diuretics Total serum cholesterol f 

LDL f 

Serum triglycerides f 

Serüm glucose f 

Abnormal glucose tolerante, 
glycosuria, hyperuricemia, 
hyponatremia, hypokalemia, 








hypomagnesemia 
Adrenergic inkibitors 
a blockers HDL t, LDL | 
Improve insulin sensitivity 
blockers LDL t, HDL | 


Serum triglycerides t 
Worsen insulin resistance 


__ Angiotensin-converting enzyme 
< (ACE) inhikitors 


p Calcium antagonists 


Hyperkalemia; improve insulin 
sensitivity 

Metabolically neutral 

No adverse effects on lipids 


No adverse effects on insulin 
sensitivity 


TADE = high depsity lipoprotein; LDL = low density lipoprotein. 








-shown to be another important contributor to 
cardiovascular disease risk.° Utilizing the sensitive 
techniques of echocardiography, this abnormality 
is found to be frequently present in patients with 
uncomplicated hypertension.” 

Antihypertensive drug therapy may not invari- 
ably reduce LV mass, and various antihypertensive 
agents have been reported to have divergent effects 
on this abnormality. The purpose of the present 


-report is to review the impact of conventional 


_antihypertensive drug therapy on these risk factors 
with particular focus on the metabolic effects of 
these medications. 

The various classes of antihypertensive agents 
have diverse metabolic effects (Table II). Thiazide 

- diuretics have been shown to increase total choles- 

terol, low density lipoprotein cholesterol (LDL-C), 
and triglyceride levels.>'!! Of the antisympathetic 
agents currently available, the metabolic effects of 
the a- and B-adrenergic blocking agents have been 
most widely studied. In general, these agents have 
opposite effects on lipid and glucose metabolism. 


| Beta-adrenergic blocking drugs, with the possi 














exception of those agents having an intrinsic symp: 1- 
thomimetic action, consistently cause increases in 
atherogenic lipids such as triglycerides and/or 
LDL-C and reductions in high density lipoprotein 
cholesterol (HDL-C)? On the other hand, the- 
peripheral o,-adrenergic blocking drugs are the 
only antihypertensive agents that have been shown 
to have a beneficial effect on the lipid profile by 
reducing atherogenic lipids and/or increasing HDL- 
C." Combination a and Ẹ blockade is generally 
considered to have a neutral effect on these meta- 
bolic processes. Angiotensin-converting enzyme 
(ACE) inhibitors appear to have no adverse effects. 
on circulating lipids.4 Calcium antagonists have no 
adverse effects on lipid components." Further, 
they have been reported to have a variety of. 
antiatherosclerotic effects.-!” These may be medi- 
ated by alterations in physical factors, eg, blood 
pressure, shear stress, which aggravates atherogen-. 
esis, and by influences on lipid metabolism and 
cellular uptake of atherogenic lipids. Recent stud- 
ies in vascular smooth muscle cells suggest a direct 
antiatherogenic effect of the calcium antagonists.!* 


EFFECTS OF ANTIHYPERTENSIVE DRUGS ON 
CIRCULATING LIPIDS 

Recent information has demonstrated that not 
only are atherogenic lipids important predictors of 
coronary artery disease (CAD), but the relation of 
atherogenic components—e.g., total cholesterol, 
the LDL to HDL ratio— may be a more sensitive 


„index of risk for CAD” Moreover, intervention 


studies in high-risk populations have indicated that 
even small changes in individual lipid components 
can have a dramatic effect on the risk of CAD.” As 
an é€xample, it has been calculated that a 1% 
reduction in total cholesterol in patients with 
elevated levels of this lipid component is associated 
with a 2% reduction in risk for CAD.” Alterations 
to increase HDL levels appear to have an even 
more profound effect. 

There is now abundant evidence. that antihyper- 
tensive agents have significant and persistent ef- 
fects on circulating lipids. 


_ ANTIHYPERTENSIVE AGENTS AND THE 


DIABETIC PATIENT 

At present, there is condiderable interest in the 
role of insulin resistance in the pathogenesis and 
treatment of hypertension. The Framingham study, 
on the basis of an increase in fasting or postpran- 
dial glucose, identified diabetes mellitus as an 
important risk factor for most forms of cardiovascu- 
lar disease.’ More recently, an. abnormal glucose 
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erance has been demonstrated in 50% of hyper- 
šive patients, and the incidence of this abnormal- 
has been found to be higher in treated than in 
either untreated hypertensives or normotensive 
control subjects.”! Further, some investigators have 
observed fasting hyperinsulinemia in unselected 
and untreated hypertensive subjects.’ The sensi- 
tive technique of the euglycemic, hyperinsulinemic 
clamp has revealed that, as a group, hypertensive 
patients are insulin resistant.> In addition, diuretics 
and B-adrenergic blocking agents worsen insulin 
sensitivity in hypertensive patients, whereas periph- 
eral a-adrenergic blockers and the ACE inhibitor 
captopril have been shown to improve insulin 
sensitivity. A recent retrospective report has 
‘Suggested that diuretic treatment of hypertension 
may have an adverse effect on cardiovascular and 
total mortality in diabetic patients. Because it was 
tetrospective, the report was not designed to exam- 
ine the comparative risks of various antihyperten- 
sive agents. Still, it adds to the evidence that 
diuretic treatment has deleterious effects on insu- 
lin sensitivity and glucose control. 

Various experimental animal models have 
yielded more specific information regarding the 
interaction of diabetes mellitus and elevated blood 
pressure and its treatment. Experimentally in- 
duced diabetes mellitus in rats appears to produce 
changes similar to those found in diabetics. Ini- 
tially, diabetes is associated with hyperfiltration 
and hyperperfusion of the glomerulus, which leads 
to mesangial hypertrophy and an increase in glomer- 
ular resistance.” This phase of experimental dia- 
betic renal disease is often associated with the 
appearance of microproteinuria. Creatinine clear- 
ance begins to decrease from supranormal toward 
normal values, and as the disease progresses, 
glomerular filtration rate may be reduced. An 
increase in systemic arterial pressure is likely to 
occur at this time, accompanied by an increase in 
glomerular capillary pressure and generally a fur- 
ther increase in urinary protein excretion. If uncor- 
rected, these changes lead to a progressive decline 
in renal function, glomerular obsolescence, and 
eventually renal failure.” In hypertensive patients 
with impaired renal function, the rate of progres- 
sion of renal impairment seems to be responsive to 
antihypertensive therapy.” Moreover, some antihy- 
pertensive agents appear to have beneficial effects 
on the microalbuminuria frequently observed in 
diabetic hypertensive patients. Included in this 
group are agents such as the ACE inhibitors.” The 
impact of calcium antagonists on microalbumin- 
uria in hypertensive diabetics is at present contro- 
versial, owing to the nature of the studies that have 



























been reported thus far.3° Most of the studies with 
calcium antagonists have been performed in small 
groups of patients with hypertension and diabetes 
(fewer than 20) and have included patients with 
frank nephrotic syndrome.*! The beneficial impact 
of ACE inhibitors in experimental diabetic renal 
disease may be related to the preferential dilata- 
tion of the efferent glomerular arteriole, which 
reduces glomerular capillary pressure. Although 
calcium antagonists are generally believed to have 
a preferential effect in dilating the afferent arte- 
riole, and thus could be predicted to decrease 
glomerular capillary pressure; calcium influx is 
known to modulate the efferent arteriolar response 
to angiotensin H. Thus, calcium antagonists should 
have a dilatory effect on the efferent arteriole as 
well.? Future studies may further define the rela- 
tive effects of various calcium antagonists on glo- 
merular arteriolar tone. At present, inconsistent 
findings permit no Bennie conclusions on this 
issue. 


CARDIOVASCULAR EFFECTS OF CALCIUM 
ANTAGONISTS _ 

Several antihypertensive drugs can reduce LV 
mass, including the antisympathetic agent methyl- 
dopa, ACE inhibitors, and calcium antagonists. 8 
The a blockers have also been demonstrated to 
reduce regression of LV hypertrophy, but the data 
on the B blockers are less consistent, depending on 
the type, dose, and duration of B-blocker treat- 
ment.® Diuretics, particularly in combination with 
direct-acting vasodilators such as hydralazine and 
minoxidil, have not been consistently shown to 
induce regression of LV hypertrophy. 

As previously mentioned, calcium antagonists 
can increase sodium and water excretion. These 
effects have been attributed to several different 
actions of these drugs, the most obvious relating to 
the increase in renal blood flow and glomerular 
filtration rate associated with this class of agents. 
In addition, other factors may be involved in the 
diuretic and natriuretic effects of calcium antago- 
nists, For example, calcium antagonists may modu- 
late the angiotensin I]-dependent sodium resorp- 
tion at the renal tubular level, as they modulate the 
effect of angiotensin II in reducing vasoconstric- 
tion. Another potential mechanism for the diuretic 
and natriuretic action of calcium antagonists may 
be related to their ability to modulate aldosterone 
production at the level of the adrenal gland. The 
decrease in aldosterone concentration associated 
with calcium antagonists may reduce the stimulus 
for more distal sodium and water reabsorption by 
the kidney. These well documented natriuretic and 
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diuretic actions of calcium antagonists appear 


paradoxical, given the incidence of peripheral 
edema with this class of drugs. However, the 
edema encountered with calcium antagonists is not 
necessarily a reflection of sodium retention and 
volume expansion, but rather appears to be a 
hemodynamic effect at the level of the capillary. 
With calcium antagonists, there may be an increase 
in capillary pressure that induces transudation of 
fluid into the interstitial tissue. Thus, this edema 
may be best treated by mechanical means, e.g., 
change in position, elastic stockings, or use of a 
postcapillary arteriolar dilator such as a small dose 
of ACE inhibitor, rather than with diuretics. 


CONCLUSION 

Calcium antagonists are impressive antihyper- 
tensive agents, while being generally metabolically 
neutral, ie, devoid of adverse effects on lipids or 
insulin sensitivity. Calcium antagonists also have 
acute natriuretic and diuretic effects. Moreover, 
they have been reported to induce regression of 
LV hypertrophy and to have a variety of antiathero- 
genic effects.” Recent clinical experience suggests 
that calcium antagonists induce regression of coro- 
nary atherosclerosis in patients with CAD or re- 
duce the incidence of new lesion formation, com- 
pared with either placebo or antianginal agents. 
Future clinical observations should provide more 
definitive information regarding the antiathero- 
genic effect of calcium antagonists. 
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- Molecular Basis of Calcium Channel Blockade 


Arnold M. Katz, MD 





Calcium plays a central role in cellular regulation, 
where its major function is activation. In the sino- 
atrial node, the entry of positively charged cal- 
cium ions through calcium channels in the 
plasma membrane generates an inward (depolar- 
izing) current that contributes to pacemaker ac- 
tivity, whereas calcium entry in the atrioventricu- 
lar (AV) node provides the major depolarizing 
current during AV conduction. In the working myo- 
cardial cells of the atria and ventricles, calcium 
entry through plasma membrane channels trig- 
gers calcium release from intracellular stores in 
the sarcoplasmic reticulum, and so plays a cen- 
tral role in excitation—contraction coupling. Cal- 
cium also serves as an intracellular messenger 
that binds to members of a family of intracellular 
calcium-binding proteins that include troponin 
and calmodulin. In the heart, calcium binding to 
troponin initiates systole, and formation of the 
calcium—calmodulin complex in vascular smooth 
muscle initiates a cascade of reactions that 
leads to vasoconstriction. Calcium channel block- 
ers, by inhibiting the opening of calcium chan- 
nels, attenuate all of these reactions; in the 
heart, they slow the sinus pacemaker and AV 
conduction and depress myocardial contractility. 
in smooth muscle, these drugs are vasodilators. 
Different members of the diverse group of chemi- 
cal structures that block calcium channels have 
different specificities for different channels, and 
so differ in their effects on the cardiovascular 
system. 

(Am J Cardiol 1992;69:17E-22E) 
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alcium represents the most important of 

the cellular messengers,' its role in signal 

transduction arising from 2 different charac: 
teristics of the calcium ion. The first is its ability to 
carry positive charge, which allows calcium entry 
through highly regulated membrane channels to 
initiate and modify membrane depolarization. In 
addition, calcium serves as an intracellular messen- 
ger whose appearance in the cytosol is recognized 
as a signal for the initiation or modification of 
cellular function. This latter function is brought 
about when calcium binds to. members of a family 
of intracellular calcium binding proteins, 


-EFFECTS OF CALCIUM ON THE ELECTRICAL 


ACTIVITY OF THE HEART 

In resting cardiac and smooth muscle, the cell 
interior has a negative charge; cytosolic potassium 
concentration is high, and sodium and calcium 
concentrations are low. In all regions of the heart, 
the downhill, passive influx of calcium contributes 
inward, depolarizing currents, but these currents 
play different functional roles in various regions of 
the heart. 

In both the sinoatrial (SA) and athioventiieulat 
(AV) nodes, calcium is the major ion responsible 
for depolarization. In the former, calcium. entry 
plays an important role in the control of the 
intrinsic pacemaker activity that determines heart 
rate. In the AV node, where calcium currents 
conduct impulses from the atria to the ventricles, 
calcium entry isa major determinant of AV conduc- 
tion, and so determines the P-R interval. In con- 
trast, the depolarizing currents carried by calcium 
in the rapidly conducting cells of the His~Purkinje 
system and in the working myocardial fibers of the 
atria and ventricles are not responsible for impulse 
conduction. In these regions of the heart, where 
the upstroke of the action potential is carried by 
sodium ions, the major role of calcium entry is to 
mediate excitation—contraction coupling. 


ROLE OF CALCIUM AS A “TRIGGER” IN 
EXCITATION—CONTRACTION COUPLING 

The final signal that initiates systole in the adult 
heart is the binding of calcium to the regulatory 
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| Pem) Calcium Binding Proteins 
Numiber of | 
E-F Hand | 
. ` Protein: Regions 
l Common.anieestor (postulated) 1 
Parvalbumens 2 
intestinal caiciurm binding proteins 2 
Troponin € 4 
-Myosin light chain 1 4 
Myosin fight chain 2 4 
“Myosin light chain 3 4 
Calmodulitt 4 





Reprinted with permission from Physiology of the Heart * 





proteins of the sarcomere (see below). However, 
the amount of calcium that enters the cells through 
plasma membrane calcium channels is inadequate 
for this signaling function. Thus, most of the 
_activator calcium that binds to these regulatory 
proteins is derived from intracellular stores in a 
membrane. called the sarcoplasmic reticulum. As 
noted above, calcium release from the heart’s 
sarcoplasmic reticulum is initiated by a small 
amount of calcium that enters the cell through 
calcium channels in specialized regions of the 
plasma membrane. This calcium influx represents a 
“trigger” that opens a special class of intracellular 
calcium release channels in the sarcoplasmic retic- 
ulum through a process called “calcium-triggered 
calcium release.” This process makes available a 
large quantity of calcium for binding to the intracel- 
lular calcium-binding proteins that control the 
tension development and shortening in the work- 
ing myocardial cells of the atria and ventricles 





ie 














FIGURE 1. Left: Postulated primitive calcium binding pro- 
tein containing a single calcium binding site between 2 
a-helical regions (E and F) in which 6 oxygen atoms (O) are 





“(Aetivation of skeletal muscle also depends on 
calcium release from the sarcoplasmic reticulur o 
but the signal that opens the calcium channels i in 
skeletal muscle is not calcium but, instead, is 
initiated by “voltage sensors” found in specialized. 
regions of the plasma membrane. The voltage 
sensor, which moves within the membrane in. 
response to depolarization, is related to the cal- 
cium channels as described below. 


CYTOSOLIC CALCIUM BINDING PROTEINS 

When calcium appears in the cytosol, its signal- 
ing function is mediated by its binding to members 
of a “family” of cytosolic proteins, which share a 
common ancestor that probably appeared some . 
600 million years ago.? This common ancestor was. 
probably a polypeptide chain made up of 30 amino 
acids that contained 2 a-helical regions (desig- 
nated E and F) separated. by a nonhelical se- 
quence, or loop (Figure 1). Key to the ability of 
these proteins to bind calcium is an arrangement of 
oxygen-containing amino acids at the vertices of an 
octahedron that forms a “pocket” in which calcium | 
ions are coordinated with very high affinity. These 
oxygen-containing amino acids are concentrated in 
the 2 helical regions, which can be viewed as the 
extended index finger and thumb of a right hand in 
which the other folded fingers and palm corre- 
spond to the non-helical loop (Figure 1). This 
structure is often referred to as an “E-F hand,” 
and proteins containing this structure as “E-F 
hand proteins.” 

The family of calcium-binding proteins includes 
a variety of proteins that contain 2 or 4 E-F hand 
regions (Table I), presumed to be derived from 
duplieation and modification of the genes encoding 
the ancestral E-F hand protein. Amino acid substi- 
tutions in some of these calcium binding regions 
have resulted in the loss of their ability to bind 
calcium; in others, the Specificity for calcium has 
been lost. 


TROPONIN C, THE MEDIATOR oF 
EXCITATION-CONTRACTION COUPLING IN THE 


MYOCARDIUM 


Cardiac troponin. C, thé ciani receptor pro- 
tein of the myocardial contractile proteins, con- 
tains 4 E-F hand regicns, but only 1 of these has 
retained the ability to bind the calcium released 
from the sarcoplasmic reticulum during excitation- 
contraction coupling. When calcium is bound to 
this protein, which is located along with actin in the 
thin filament, it causes a rearrangement of the 
regulatory proteins, which initiates e interactions 
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Hh en actin and myosin that effect myocardial 
: ‘contraction. 

It is of interest that another member of the 
_ family of calcium-binding proteins, a myosin light 
. chain, rather than troponin, serves as the calcium 
_ receptor in muscle of the sea scallop. Even more 
_ fascinating is the situation in smooth muscle where, 
as described below, 2 different E-F hand proteins 
together mediate excitation—contraction coupling. 











CALMODULIN, THE. MEDIATOR OF 
: EXCITATION-CONTRACTION. COUPLING IN 
The calcium receptor protein in smooth muscle 
is calmodulin, a ubiquitous intracellular calcium- 
binding protein that, when bound to this cation, 
activates protein kinases that phosphorylate a vari- 
ety of cytosolic proteins. In smooth. muscle, the 
substrate for this calcium-, calmodulin-dependent 


phosphorylation is yet another member of this 


family of proteins: a myosin light chain that, 

although it has lost its ability to bind calcium, still 

plays a key role in calcium-dependent regulation. 
: This occurs when the calcium-, calmodulin-depen- 
dent protein kinase phosphorylates a smooth mus- 
_ cle myosin light chain which, in its phosphorylated 
form, initiates the calcjum-dependent interactions 
“between the contractile proteins of vascular smooth 
muscle that cause vasoconstriction. 


DIVERSITY OF THE CALCIUM CHANNELS 

Like the calcium-binding proteins, ion channels 
also are members of a diverse family of related 
gene products. Functional studies have demon- 
strated the existence of several distinct types of 
calcium channel. The 2 most ‘prominent ¢alcium 
channels of the heart are the T- and L-type 
channels (Table H). Most important is the L-type 
channel, which is the calcium channel whose func- 
| tions were described above. The T-type calcium 
channel, found in nodal and specialized conducting 
tissue, may contribute to spontaneous pacemaker 
activity and the long-lasting depolarizations of the 
His—Purkinje system. The calcium channel block- 
ers described in this article bind to and inhibit only 
the L-type channels. -S 


_ STRUCTURE OF PLASMALEMMAL ION 
-CHANNELS 
In the past few years, the complete amino acid 
sequences of several plasmalemma! ion channel 
` proteins have been elucidated (Figure 2). The 
-channels are glycosylated membrane proteins made 
up of several peptides (Tape tt). Most important 





structure of the potassium channel is probably a 








TABLE H Major Calcium Channels in the Heart 


T-Type Calcium 
Channel 
High (~70 mV) 








L-Type Calcium 
Property Channel 

Threshold Low (-40 mV) 
inactivation Slow {L = long-lasting) Fast (T = transient) 
Response to Stimulated None 

f-adrenergic 

stimulation 
Response to Blocked None 

calcium channel blockers 
Size Large (15-25 pS) Small (7-9 pS) 
Found in All cardiac cells Conductirg and 


nodal cells: 





Reprinted with permission from Physiology of the Heart.* 








are the large, tetrameric a- and a \-channel pep- 
tides of the sodium and calcium channels, respec- 
tively. These contain 4 similar subunits that sur- 
round the water-filled pore through which the ions 
cross the phospholipid bilayer. The corresponding 


tetramer of similar subunits that are not covalently 














calcium hachacha ` 
conductance f ni 
channel m Bp c 


conductance scam ie T 


channel U 








Chanai that tne leet a large portion of he C-terminal ` 
amino acid sequence. The potassium conductance 
nel Is also made up of 4 subunits, but in this channel these 
LEASE E E E elise i 
chain. (Reprinted with permission from Katz, modified 
from Catterall.) 
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TABLE Ili Peptide Components of Voltage-Dependent lon 
Channels 


Approximate 
lon Molecular Mass 


Selectivity Subunit Number (Daltons) Possible Function 


Sodium 1 
0-2 


260,000 
30,000—40,000 
1 212,000 
1 175,000 
1 140,000 
1 54,000 
1 
1 


Pore, PK-A* substrate 
Calcium Pore, PK-A substrate 
“Voltage sensor” 
PK-A substrate 

PK-A substrate 
30,000 

27,000 


Potassium 4 70,000-80,000 Pore 


*PK-A = cyclic adenesine monophosphate-dependent protein kinase. 
Reprinted with permission from Physiology of the Heart.? 





linked (Table HI), so that the major peptides of the 
different channels all contain 4 channel subunits, 
as depicted in Figure 2. The larger channel pro- 
teins listed in Table III are referred to as channel 
peptides, and the 4 covalently linked components of 
the a- and a ;-peptides of the sodium and calcium 
channel, numbered I-IV, are channel subunits. 
These subunits, which are similar to the correspond- 
ing free subunits of the potassium channel, all 
contain six membrane-spanning a-helices, desig- 
nated S,—S.. 

The evolution of the ion channel peptides is 
remarkably similar to that proposed for the calcium- 
binding proteins described before. Both are mem- 
bers of a family of multimeric proteins that have 
evolved from a primitive monomeric ancestor, 
which in the case of the ion channels is the channel 
subunit. Reduplication of the genes that encode 
the channel subunits, as for the E-F hand proteins, 
has given rise to the 4 covalently linked channel 
subunits in the large a- and a,-peptides of the 
sodium and calcium channels. The functional potas- 
sium channel is also a tetramer of the channel 
subunits, but in this highly variable channel the 
subunits are not covalently linked. For this reason, 
potassium channels appear to be the more primi- 
tive of these structures: they are the smallest and, 
like the ancestral E-F hand protein (Table I), do 
not exhibit evidence for gene reduplication. 

Potassium channels, along with the calcium 
channels that probably evolved next, are present in 
such simple organisms as protozoa, coelenterates, 
and ctenophores. The most recent addition to this 
family appears to be the sodium channels, which 
generate the largest and most rapidly rising action 
potentials that conduct far more rapidly than 
calcium-dependent action potentials. Since the 
sodium channels provide for the fastest conduc- 
tion, it is not surprising that they have been found 
mainly in multicellular organisms’ that require 


om IELTS ee 


speedy communication between different regions ` 
of their bodies. 


CHANNEL SUBUNIT STRUCTURE 

The channel subunits are made up of six puta- 
tive membrane-spanning helices.’ Two, S; and So, 
are hydrophobic and so are likely to interact with 
the hydrophobic core of the bilayer in which the 
channel is imbedded. The S; and S, membrane- 
spanning helices, which contain negatively charged 
amino acids, and the S, helix, which contains both 
positively and negatively charged amino acids, 
probably surround the water-filled pore. Most 
interesting is S4, which contains a “ribbon” of 
positively charged arginine and lysine residues, and 
which has the properties expected of the voltage 
sensor that opens the channel by moving within the 
bilayer in response to changing transmembrane 
potential. For this reason, the S4 membrane- 
spanning helix is postulated to represent the activa- 
tion gate whose movement in the membrane opens 
the channel. A likely candidate for the inactivation 
gate, which is responsible for the refractoriness that 
follows the transition of the channel from the open 
to the closed state, has also been identified (Figure 
2); this is the cytoplasmic loop connecting the S6 
membrane spanning helix of subunit III and the S, 
membrane spanning helix of subunit IV. 


STRUCTURE OF THE CARDIOVASCULAR 
CALCIUM CHANNELS 

The large a,-peptides of the calcium channels 
bind to all three classes of approved calcium 
channel blockers: dihydropyridines, benzothiaz- 
epines, and phenylalkylamines. Two forms of this 
a\-peptide are found in muscle.® A larger, 212,000 
Dalton (Da) molecule is found in the cardiac 
conductance channels that carry the depolarizing 
calcium currents described above. This peptide, in 
addition to binding the calcium channel blockers, is 
the substrate for cyclic adenosine monophosphate 
(cAMP)-dependent protein kinase-catalyzed phos- 
phorylation that mediates the B-adrenergic stimu- 
lus to increase channel opening. A smaller version 
of the a,-peptide, which is similar to the 212,000 
Da peptide except that it lacks 320 amino acids at 
the C-terminal end and so has a lower molecular 
mass of about 175,000 Da, appears to be the 
structure that opens the intracellular calcium re- 
lease channels in skeletal muscle sarcoplasmic 
reticulum when the muscle is depolarized. 

Less well understood are the many smaller 
peptides that are associated with, and appear to 
regulate, many of these channels (Table III). Not 
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_all of these small toie are associated with the 
-many channels found in nature; for example, func- 
tional sodium channels may contain 0, 1, or 2 
_B-peptides. Many of the smaller peptides associ- 
` ated with the calcium channel appear to play a role 
in channel regulation. Thus, the 8-peptide, like the 
-@;-peptide, is a substrate for cAMP-dependent 
«protein kinase that, when phosphorylated, acti- 
vates the channel.”* The 8-peptide, which is en- 
-coded by the same gene as the a2-peptide, is linked 
to the latter by disulfide bonds, which suggests that, 
like insulin and several other proteins that are 
derived from “proproteins,” the 3-peptide may be 
produced from a larger peptide by proteolysis 
during post-translational processing.? Yet another 
evel of regulation is probably reflected in the 
„ability of most of these peptides to be modified by 
post-translational glycosylation, 


STATES OF AN ION CHANNEL 

Studies of single channels have added greatly to 
our understanding of channel function and its 
regulation of channel function by both neurotrans- 
mitters and drugs. For example, the slow appear- 
ance of cardiac calcium currents after the mem- 
brane is depolarized (lower tracing in Figure 3) 
tells us little about the rates of channel openings, 
which are actually very rapid (middle tracing). 
Changes in the magnitude and time course of ionic 
currents are, in fact, generally due to changes in 
the probability that the channel will be found in an 
open state. An increase in an ionic current can 
occur if the channels begin their openings sooner 
after the stimulus, open more frequently, or con- 
tinue to open for a longer period before they are 
inactivated. 

Changes in the probability of channel opening 
are of considerable importance in terms of both 
physiologic and pharmacologic regulation. Thus, 
phosphorylation of the calcium channel by cAMP- 
dependent protein kinase, which plays a central 
role in the response to exercise, promotes calcium 
entry not by increasing the rate of channel opening 
or the current that it carries when open, but 
instead by increasing the probability that the chan- 
nel will be in an open state after the membrane is 
depolarized. 

The earlier concept that voltage-sensitive ion 
channels could exist in 3 functional states—open, 
closed (resting), and closed (inactivated) (see 
above)—has recently been modified on the basis of 
analyses of single channel recordings. These stud- 
ies have shown, for example, that the dihydropy- 
ridines can both activate and inhibit calcium chan- 


nel opening; in fact, some of the calcium channel 
blockers can do both, and at the same time! These 
puzzling responses are now known to reflect the 
ability of the drugs to modify differently the transi- 
tions among 3 states of the calcium channel.! 
Starting from the closed state, calcium channels 
can flicker in 2 open states: brief openings and 
long-lasting openings. Since these 2 open states 
also occur spontaneously in the absence of drugs,'!7 
these 2 modes of opening are clearly natural states 
of the channels. The effects of the calcium channel 
blockers are therefore to modify the probability 
that the channels will be in one or another of these 
states, rather than simply to “plug” the channels. 

Another recently discovered property of single 
channels is their ability to exist in open states that 
differ not in their duration but in the amplitude of 
the current they allow to cross the membrane.!*:!4 
These different conductance states may arise from 
graded interactions among the channel subunits 
depicted in Figure 2. Although different conduc- 
tance states of a single channel have, so far, been 
identified only in intracellular calcium release 
channels,'?-4 varying current flux through different 
conductance states of open plasma membrane 
channels could provide yet another means for 
regulating membrane voltage. 

The transitions between opening modes. and 
conductance states provide an elaborate means for 
the control of ion currents. In the case of the 
calcium channels of the cardiovascular system, the 
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of both the beart and vascular system. Future 


-studies to define compounds with enhanced speci- — 


- ficity for one or another class of calcium channels 
-offer considerable promise for i improving the ther- 


oe apy of cardiovascular disease. 
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New Developments In Sustained-Release 
Antihypertensive Therapy: Formulation and 
Pharmacokinetic Considerations 
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Robert A. Sparrow, BBs, and lan R. Wilding, PhD 


In order to achieve a consistently absorbed form 
of nifedipine over 24 hours, a novel formulation 
approach, INDAS, was used to develop a once- 
daily, sustained-release (SR) form of nifedipine 
that could provide effective control of blood pres- 
sure at a low total daily dose. The pharmacoki- 
netic characteristics of this new formulation of 
nifedipine-SR were compared with those of di- 
vided doses of conventional nifedipine. The SR 
formulation was shown to achieve a lower peak 
plasma nifedipine level but with a prolonged 
plasma profile characterized by an extended time 
to peak plasma levels (Tmax), a higher trough 
plasma level, a longer apparent half-life, and a 
markedly lower peak-to-trough fluctuation in 
plasma nifedipine concentrations. In a separate 
study, the gastrointestinal transit parameters 
and physical characteristics of the SR tablet 
were evaluated. This study established that the 
large intestine is the major site of residence and 
absorption for this dosage form. The physical ero- 
sion and disintegration characteristics of the SR 
formulation are such that a well-maintained ab- 
sorption of nifedipine is consistently achieved 
over the 24 hour dosing interval. 

(Am J Cardiol 1992;69:23E-—27E) 
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ifedipine is a calcium antagonist com- 

monly used in the treatment of hyperten- 

sion.! In its conventional immediate-re- 
lease capsule form, nifedipine is normally dosed 3 
times daily. Such frequent daily administration 
may adversely affect patient compliance and hence 
impact on therapeutic effectiveness.? In addition, 
because of rapid absorption from the gastrointesti- 
nal (GI) tract and short elimination half-life 
(t1;2 = 2 hours), the plasma nifedipine levels fluc- 
tuate markedly following administration of the 
conventional capsule form of nifedipine. The result- 
ant high peak plasma nifedipine levels may be 
associated with some of the characteristically com- 
mon adverse effects of nifedipine: increased heart 
rate, flushing, and headache.’ Taking these consid- 
erations into account along with the established 
relation between plasma nifedipine concentration 
and blood pressure reduction,’ the development of 
a low-dose sustained release (SR) form of nife- 
dipine designed for once-daily administration 
through the achievement of prolonged therapeuti- 
cally effective blood levels over 24 hours is justified. 
Additionally, it has been shown that slow infusions 
of nifedipine result in little change in heart rate in 
contrast to a rapid infusion, which has shown 
marked increases in heart rate; both regimens 
showed equivalent blood pressure lowering ef- 
fects.4 These data further support the potential 
benefits of a slow nifedipine input rate, as can be 
achieved through a SR formulation compared with 
the effects of intermittent boluses of conventional 
nifedipine capsules. 

The formulation of nifedipine into a SR prepa- 
ration that achieves consistently prolonged plasma 
nifedipine concentrations over the 24-hour dosing 
interval is technically difficult. The primary imped- 
iment lies in the extremely poor aqueous solubility 
of the usual crystalline form of nifedipine, which 
impacts on the dissolution and absorption charac- 
teristics of the drug, particularly in the final seg- 
ments of the GI tract where the majority of the 
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PROCESS 1 


Crystalline Nifedipine Amorphous Nifedipine 


Rate - Control 


Low Water Soiubility Enhanced Water Solubility 


24-hour dosing form residence occurs. The implica- 
tion of this limited solubility is an incomplete 
absorption and inability to deliver nifedipine to the 
circulation over the terminal phase of the dosing 
interval. A novel formulation technology, termed 
“insoluble drug absorption system” (INDAS), has 
been developed to deal with this problem using a 
2-step process. Initially crystalline nifedipine is 
processed to produce an amorphous form of nifed- 
ipine, which has an inherently higher aqueous 
solubility. The amorphous nifedipine is then formu- 
lated into a rate-controlling tablet that provides for 
sustained release of the drug into the aqueous 
environment of the GI tract and resultant absorp- 
tion by the intestinal mucosa over a 24-hour period 
(Figure 1). The design and physical characteristics 
of this rate-controlling matrix tablet have been 
optimized to achieve a release profile that is 
consistently maintained over a 24-hour period and 
that is also largely independent of external pH. 
The physical characteristics of the tablet during a 
simulated (in vitro) 24-hour dosage interval are 
summarized graphically in Figure 2. The gradual 
physical erosion and disintegration of the intact 
tablet to a finer dispersion of particles is designed 
to achieve a wide dispersal in the colon. This 
provides a longer and more consistent residence 
time within the large intestine, which results in 
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FIGURE 1. Overview of key process 
steps in insoluble drug absorption sys- 
tem (INDAS). 


prolonged, regular release and absorption of the 
amorphous nifedipine. Gradual, controlled tablet 
erosion is an important feature because it has been 
well established that the major differences in GI 
transit parameters between nondisintegrating and 
multiparticulate formulations arise in the large 
intestine, with nondisintegrating units showing a 
significantly more variable? and more rapid transit, 
which may preclude that particular dosage form 
from providing a consistently prolonged delivery 
and absorption profile. 

The studies described in this report characterize 
the pharmacokinetic and transit characteristics of a 
sustained release formulation of nifedipine (Ad- 
alat SR, Miles Inc.) in healthy volunteers. 


METHODS 

Study 1: A multiple-dose comparative cross- 
over, open label study in 24 young healthy male 
volunteers was conducted with both local ethical 
committee institutional review board and regula- 
tory approval. All subjects gave written informed 
consent. Each subject received a 10-mg immediate- 
release nifedipine (N) capsule (Procardia) every 8 
hours er 50 mg controlled-release nifedipine tablet 
(Adalat SR) once daily for 3 days. The regimens 
were administered in intervals separated by a week 
or longer. Blood samples (6 mL) for measurement 


FIGURE 2. Overview of physical charac- 
teristics of nifedipine-SR during the re- 
lease/absorption process. 
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_ of drug concentration were collected each morning 
predose to confirm attainment of steady-state con- 
ditions. Numerous blood samples were collected at 
frequent intervals (Table I) during day 3 to charac- 
terize the plasma level profile of the dosage regi- 
mens. Plasma nifedipine levels were analyzed using 
an in-house gas chromatographic method with 
electron capture detection with an accurate limit of 
detection set at 2 ng/mL.° The following standard 
noncompartmental pharmacokinetic parameters 
were determined for each regimen: area under 
the concentration-time curve (AUC); peak plasma 
levels (Cmax); time of peak plasma nifedipine 
levels (Tmax); trough plasma levels at 24 hours, 
peak-minimum fluctuations in plasma levels 
[Cmax — Cmin/Cmin]} and apparent plasma nife- 
dipine half-life (tı;2). Data were compared using an 
analysis of variance model appropriate to the 
design of the study. A p value of <0.05 was 
considered significant. 

Study 2: A single-dose open label study in 8 
young healthy male volunteers was conducted with 
local ethics committee institutional review board 
approval. Following an overnight fast, all the volun- 
teers received a single SR tablet (50 mg) labelled 
with samarium-153 (1 MBq). In vitro studies have 
demonstrated that neither the presence of the 
small quantity of samarium oxide nor the neutron 
activation procedure used to activate the stable 
samarium-152 to the gamma-emitting isotope sa- 
marium-153 influenced the release behavior of the 
formulation or the stability of the drug.® The tablet 
was administered with 100 mL of water containing 
1 MBq of [%™Tc]diethylenetriaminepentaacetic 
acid, which allowed an outline of the GI anatomy 
to be recorded. Subjects fasted for another 3 hours 
following ingestion of the tablet. Blood samples (16 
mL) were collected predose (0), and 1, 2, 4, 6, 8, 10, 
12, 16, 24, 30, 48, 60, and 72 hours postdose, and 
anterior scintigraphic images were taken at fre- 
quent intervals over the 24-hour postdose period. 
Plasma nifedipine concentrations were measured 
as detailed for study 1. 


RESULTS 

Study 1: Mean plasma nifedipine concentra- 
tions for both nifedipine formulations are shown in 
Table I and in Figure 3, and noncompartmental 
pharmacokinetic parameters are summarized in 
Table II. At the doses studied, SR was equivalent 
to N in divided doses in terms of extent of absorp- 
tion: mean 387.1 versus 377.5, respectively, AUC)_ 
zh. Reflecting the controlled release characteris- 
tics of SR, the mean time to peak plasma 
concentration (Tmax) was significantly longer for 
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TABLE I Mean Steady-State Plasma Nifedipine Concentrations 
After Administration of Immediate- and Sustained-Release 
Dosage Forms (n = 24) 


Plasma Nifedipine Levels (ng/mL) 
Time 
Post- Immediate-Release 
dosing (h) Formulation 


Sustained-Release 
Formulation 


4.41 + 2.80 10.83 + 5.64* 
19.70 + 42.64 
71.54 + 48.63 
52.62 + 24.19 
34.87 + 14.46 
26.11 + 11.52 
11.40 + 5.34 
6.00 + 3.06 
3.52 + 2.35 
8.22 + 5.19 
31.96 + 25.77 
38.88 + 16.05 
36.11 + 11.50 
26.49 + 12.24 
11.00 + 7.19 
6.12 + 2.87 
3:73. 2.93 
3.55 + 3.02 
13.72 + 10.55 
26.85 + 15.54 
26.44 + 15.60 
24.54 + 14.75 
12.18 + 6.33 
7.39 + 4.55 
4.54 + 2.93 


22.38 + 17.44* 


28.39 + 23.16 

24.16 + 16.75* 
16.55 + 12.84* 
14.52 + 10.38* 


15:83-= 1).11* 
15.35 + 10.23* 


14.75 + 9.46* 


10.00 + 7.52* 
7.27 + 5:78 
3.96 + 4.60 
1.54 + 2.76 
0.51 + 1.41 
0.37 + 1.02 


*p <0.01 compared with immediate-release formulation. 


SR versus N, 3.9 hours versus 0.6 hours, respec- 
tively. The apparent half-life was also significantly 
longer following administration of SR (11.8 
hours vs 3.0 hours), reflecting the prolonged absorp- 
tion phase of the SR formulation. The magnitude 
of the peak plasma concentration was significantly 
lower, the trailing trough levels higher, and the 





(N) (10 mg every 8 hours) and nife- 


subjects following 
nifedipine capsules 
dipine-SR (Adalat SR) (50 mg once-daily). 
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Nifedipine Adalat SR p 
Mean (SD) Mean (SD) 
AUC (0-24 hours) 377.5 (144.7) 387.1 (103.2) 
Cy 15.7 (6.0) 16.1 (10.4) NS 
(ose 84.4 (45.9) 31.3 (23.0) <0.01 
Coa 4.5 (2.9) 10.0 (7.5) <0.01 
A 0.6 (0.3) 3.9 (3.8) <0.01 
Tiz 3.0 (1.4) 11.8 (6.8) <0.01 
(Cinar = Crain! Cimin 28.5 (14.5) 3.3 (2.8) <0.01 
















AUC = area under the curve; Ca = average concentration; Cmax = peak plasma 
concentration; C24 = trough 24-hour levels; Tmax = time to peak plasma levels; (Cmax — 
Cmin)/Cmin = peak minienum fluctuations in plasma levels; t;,2 = plasma elimination 
half-life. 





magnitude of the peak-to-trough fluctuation also 
significantly lower with SR compared with N. 

Study 2: Analysis of the scintigraphic images 
showed that in all subjects the dosage form was 
emptied intact from the stomach. GI transit param- 
eters are summarized in Table III. Mean individual 
gastric emptying time was 52 minutes, with a range 
of 12-105 minutes. In most cases, the tablet reached 
the colon within 3—4 hours (i.e., 180-240 minutes) 
after dosing (mean, 228 minutes) (Figure 4). In all 
but one subject (number 1), the dosage form was 
still intact when it reached the colon, with disinte- 
gration occurring on average 7.7 hours or 463.3 
minutes postadministration. In addition, shown in 
Figure 5 are the individual plasma nifedipine 
profiles for each subject over 24 hours with the 
appropriate segments of the GI tract indicated on 
the same time axis. The point of complete erosion 
of the tablet is also indicated in this figure. 


DISCUSSION 

These data demonstrate the pharmacokinetic 
characteristics of this novel sustained release formu- 
lation of nifedipine-SR administered once daily. 
The plasma nifedipine level profile following SR 





FIGURE 4. Scintigram of nifedipine-SR tablet disintegra- 
tion in the gastrointestinal tract at 12.5 hours postdose. 
Location: proximal and transverse colon, showing spread- 
ing of tablet matrix residue. 
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TABLE IlI Gastrointestinal Transit Characteristics 


Transit Small Nifedipine- 

Gastric Intestine SR Total 
Emptying Transit Erosion* 

(Min) (Min) (Min) 


304 
383 
619 
500 
354 
552 
440 
554 
463.3 


39.2 


Colen 
Arrival 
(Min) 


Site of 
Disintegration 


Subject 
Number 


Small intestine 
Proximal colon 
Hepatic flexure 
Proximal colon 
Proximal colon 
Hepatic flexure 
Proximal colon 
Sigmoid colon 


196 
185 
263 
197 
196 
362 
197 
228.0 


24.4 


1 
2 
3 
4 
5 
6 
7 
8 


173.6 
28.7 


SEM = standard error of the mean f 
*Time of first scintigraphic image at which disintegration of the matrix was observed. 


z 
© 
2 
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administration is characterized by a significantly 
prolonged absorption phase, consistent with the 
once-daily administration and low daily dose recom- 
mended for this product. Compared with conven- 
tional nifedipine capsules dosed every 8 hours, the 
SR formulation had a better plasma level profile, 
reduced peak-to-trough plasma level fluctuations, 
a later Tmax and an extended apparent f,/2. Plasma 
levels remained relatively constant throughout the 
dosing interval without the peaks and valleys typi- 
cal of conventional nifedipine. 

The results of the scintigraphic imaging study 
have characterized the GI transit characteristics 
for this dosage form. The major site of residence 
and absorption was found to be the large intestine/ 
colon. Absorption from the stomach is minimal. 
The GI transit parameters measured in this study 
confirm the now well-established range of values 
for gastric emptying, small intestine transit, and 
colonic residence. The mean gastric emptying time 
recorded for the once-daily dosage form (52 min- 
utes) was consistent with the physiologic process 
known as the migrating myoelectric complex which 
generally causes emptying of the fasted stomach of 
any indigestible material over a 2-hour cycle.’ 
Individual gastric emptying times were in the range 
of 10-105 minutes; this variability in emptying 
times in the fasted state is thought to depend on 
the time of arrival of the tablet in the stomach in 
relation to the contractual activity of the migrating 


myoeletric complex. The average small intestinal 
transit time (2.9 hours) was consistent with previ- 
ous reports, which indicate that small intestinal 
transit is independent of dosage form design and 
feeding conditions and is typically about 3 hours.® 
The scintigraphic imaging study has also confirmed 
the physical characteristics of this matrix tablet, 
which results in a gradual erosion and disintegra- 
tion and wide distribution in the colon during the 
absorption phase, thus achieving both controlled 
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corresponding gastrointestinal seg- 
ment is indicated on the time axis. The 
time of erosion of the tablet is also 
noted. 


release and controlled absorption of nif€dipine 
throughout the 24-hour dosing interval. 

Based on the established longer transit charac- 
teristics and greater dispersal properties of smaller 
multiple dosage units in the GI tract (particularly 
in the large intestine) compared with nondisinte- 
grating units,’ the pharmaceutical characteristics 
of this new medication-conserving dosage form of 
nifedipine should provide a relatively consistent 
and reliable absorption pattern over the 24-hour 
dosing interval and maintain control of blood 
pressure during the period. This is achieved with a 
low daily dose and a convenient regimen. 


CONCLUSION 

The new INDAS formulation of nifedipine con- 
serves medication, yet provides for a prolonged 
absorption of nifedipine that ensures continuing 
plasma levels of nifedipine over the entire 24-hour 






dosing interval. Clinical confirmation of the thera- 
peutic efficacy and safety characteristics of this 
novel dosage form should be based on evaluation 
of the diurnal pattern of blood pressure control 
over the full 24-hour dosage interval. 
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Effectiveness of Once-Daily Monotherapy With a 
New Nifedipine Sustained Release Calcium 
Antagonist 
Albert A. Carr, mD, Peter B. Bottini, Pharmp, Peter Feig, mp, L. Michael Prisant, MD, 
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Data from 2 separate multicenter, double-blind 
clinical studies following the same protocol, ex- 
cept for the selection of doses, were pooled to 
evaluate the efficacy and tolerability of fixed 
doses of a new sustained-release (SR) formula- 
tion of nifedipine compared with placebo in 388 
patients with mild to moderate uncomplicated 
essential hypertension. After a 3—6 week placebo 
washout period, the patients were randomized to 
receive either placebo or nifedipine SR-20 mg 
(study I only), 50 mg, 100 mg, or 150 mg (study Il 
only). Among the 278 patients who completed 6 
weeks of active therapy, mean supine diastolic 
blood pressure reductions from pretreatment 
baseline were 5.9, 9.3, 9.2, 11.1, and 13.2 mm Hg 
in the placebo, 20-, 50-, 100-, and 150-mg groups, 
respectively. The reductions achieved in each of 
the nifedipine SR groups were statistically signifi- 
cant versus baseline values (p <0.001). All nife- 
dipine-SR doses reduced supine systolic blood 
pressure significantly more than placebo 
(p <0.001). In addition, there was a significant 
linear relationship between the log of the dose 
and the blood pressure reduction (p <0.05). Auto- 
mated ambulatory blood pressure recordings per- 
formed in 221 of the patients showed that the 
blood pressure was lowered evenly through the 
entire 24-hour dosing period. The doses that were 
effective and associated with the fewest adverse 
reactions were 20 mg and 50 mg once daily. 

(Am J Cardiol 1992;69:28E—32E) 
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ssential or primary hypertension is a com- 
Be clinical diagnosis in the United States. 

Upward of 58 million people are believed 
to have high blood pressure, defined as blood 
pressure >140 mm Hg systolic or >90 mm Hg 
diastolic.! According to the Joint National Commit- 
tee Report on high blood pressure, hypertension is 
the most common indication for the use of prescrip- 
tion medications in the United States.' Traditional 
stepped-care for the treatment of hypertension, ie, 
initial drug treatment with diuretics, has largely 
been replaced by individualization of therapy based 
on specific patient medical needs including concur- 
rent disease states, potential drug interactions, 
impact on cardiovascular morbidity and mortality, 
and likelihood of adherence to a prescribed drug 
regimen (based on adverse effects, number of daily 
doses, and cost). A variety of drug classes are 
indicated for initial treatment of hypertension, 
namely, diuretics, B-adrenergic blockers, angioten- 
sin-converting enzyme (ACE) inhibitors, and cal- 
cium aptagonists.! 

Calcium antagonists, also known as calcium ion 
influx inhibitors, are peripheral vasodilators that 
also reduce conduit artery wall stiffness.2+ Vera- 
pamil, diltiazem, and nifedipine are representa- 
tives, respectively, of the three subgroups dipheny- 
lalkylamine, benzothiazepine, and dihydropyridine, 
respectively, in the calcium antagonist class of 
antihypertensive drugs. These subgroups differ in 
their effects on myocardial contractility, cardiac 
conduction times of the sinoatrial and atrioventric- 
ular nodes, and resistance of arteriolar tone.2+ 
Although conventional formulations of verapamil, 
diltiazem, and nifedipine are effective for the 
treatment of hypertension, they have a short dura- 
tion of action, requiring multiple daily dosing of 
immediate-release formulations. This may result in 
marked variability in gastrointestinal (GI) absorp- 
tion, blood levels, and hemodynamic effects, which 
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may produce reflex tachycardia and release of 
renin and catecholamines.? 

A new sustained-released (SR) formulation of 
nifedipine has been developed that provides reli- 
able, controlled release through gradual absorp- 
tion. The new preparation uses amorphous nife- 
dipine in a complex hydrogel matrix system, based 
on an insoluble drug absorption system (INDAS; 
Elan Corp.). The matrix is designed to erode 
gradually and completely in a controlled and pro- 
grammed process during its passage through the 
GI tract and to release readily absorbable noncrys- 
talline nifedipine at distal sites within the GI tract 
in a predictable fashion over a full 24 hours. This 
formulation allows for once-daily dosing, which is 
generally associated with better compliance than 
more frequent dosing, particularly in the eld- 
erly.” Also of note is that this sustained-release 
tablet is completely dissolved in the GI tract and 
does not leave a “shell” remnant to be eliminated 
in the feces, as occurs with another delayed-release 
formulation that has been reported to cause gastric 
outlet obstruction.!! 

This article pools the results of 2 clinical trials 
conducted to evaluate the antihypertensive efficacy 
and tolerability of this new nifedipine SR formula- 
tion in 4 different doses, 20-, 50-, 100-, and 150-mg, 
administered once daily. The 2 different studies 
followed the same protocol, but one study dealt 
with 20-, 50-, and 100-mg nifedipine-SR and the 
other with 50-, 100-, and 150-mg. Thus, the doses 
common to both studies were placebo and the 50 
mg and 100 mg doses. 


METHODS 

Four fixed doses of nifedipine-SR, administered 
once daily, were studied in adults with mild to 
moderate hypertension. The study design was pla- 
cebo-controlled and used parallel treatment groups. 
Written informed consent was obtained from each 
patient, and the protocols were approved by each 
institutional review board. Outpatient men and 
non-pregnant, non-nursing women (practicing ef- 
fective birth control or postmenopausal), ages 
21-70 years, were eligible for enrollment. All 
patients were ambulatory, with mild to moderate 
essential hypertension, which was defined for this 
study as supine diastolic blood pressure (DBP) of 
95-119 mm Hg, as determined by the average of 
the last 2 visits of the 3-6 week single-blind placebo 
baseline period. Patients were excluded from the 
study for any of the following reasons: severe 
hypertension (supine DBP > 119 mm Hg); history 
of accelerated hypertension; dissecting aortic aneu- 


rysm; cerebral or subarachnoid hemorrhage; 
asthma; congestive heart failure requiring drug 
therapy; cardiac arrhythmias; myocardial infarc- 
tion within the previous 2 months; renal impair- 
ment (serum creatinine >2 mg/dL or significant 
proteinuria); hepatic impairment; hypersensitivity 
to nifedipine or dihydropyridine analogues; or 
inability to provide written informed consent. 

After the initial 3-6 week single-blind placebo 
washout period, eligible patients were randomly 
assigned to 1 of 5 parallel groups: placebo or 20-, 
50-, or 100-mg nifedipine-SR (study I only) and 
placebo, 50 mg, 100 mg, or 150 mg nifedipine-SR 
(study II only). All patients received a single daily 
dose. The treatment schedule was continued un- 
changed for 6 weeks. 

A history and physical examination, a 12-lead 
electrocardiogram, and collection of venous blood 
for laboratory tests were performed during the 
initial placebo-qualifying baseline period and within 
7 days of the final study visit during active treat- 
ment. Laboratory tests included complete blood 
count, serum chemistry, urinalysis, and chest radio- 
graph. Blood pressure measurements were ob- 
tained at each weekly visit or evaluation time. 
Supine, sitting, and standing manual blood pres- 
sure and heart rate were determined in duplicate 
(2-5 minutes apart), following the recommenda- 
tions of the American Heart Association.'? Pa- 
tients were instructed to take their study medica- 
tion in the morning without food except on 
evaluation days, when they were to report to the 
study center just prior to their next dose, i.e., 23-25 
hours after the previous dose. 

Adverse events were determined by questioning 
the patient at each weekly evaluation visit during 
the active treatment period. If the adverse events 
were intolerable and if deemed necessary, treat- 
ment was discontinued and the patient dropped 
from the study. 

Patients were invited to participate in a 24-hour 
automated ambulatory blood pressure monitoring 
(ABPM). The blood pressures in these volunteers 
were measured every 15 minutes using a Pressurom- 
eter IV recorder (Del Mar Avionics, Irvine, Califor- 
nia), which was gated to an electrocardiogram R 
wave. The ABPM was performed twice during the 
placebo-qualifying phase and twice during the 
double-blind treatment phase. The readings were 
averaged by hour for each subject. Blood pressure 
curves for the different treatment groups were 
computed using the individual averages. The data 
were smoothed using the 5-term Fourier series. 13-14 

To assess efficacy, reduction in trough supine 
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TABLE I Patient Demographics 


Characteristic Placebo 20mg 50mg 100mg 150mg 


Number 98 50 98 98 

Sex (% male) 49.0 30.0 49.0 41.8 
Race (% white) 65.3 54 59.2 67.3 
Mean age (years) 49.1 44.7 46.3 46.8 
Mean weight (Ib) 189.6 206.4 195.5 203.4 


TABLE Il Mean Elood Pressure Values Before and After 6 
Weeks of Therapy with Nifedipine SR 


6-Week 
Post- 
No. Treatment 
Patients Value 


Supine DBP (mm Hg) 
Placebo 
20 mg 
50 mg 
100 mg 
150 mg 


Supine SBP (mm Hg) 
Placebo 
20 mg 
50 mg 
100 mg 
150 mg 


A = chi from baseline at 6 weeks (study end point); DBP = diastolic bland 
pressure; SBP = systolic blood pressure. 


A(mm Hg) 


p-Value 





DBP from baseline after 6 weeks of active therapy 
for each of the nifedipine treatment groups versus 
placebo was determined. A separate intent-to- 
treat analysis was performed on the data from 
patients who received the study drug and for whom 
blood pressure measurements were obtained but 
who did not complete 6 weeks of therapy. A 
secondary efficacy end point was 24-hour average 
blood pressure reduction, as determined by 24- 
hour ABPM. All comparisons of group means were 
made using a 1-sided Student’s paired t-test. A p 
value <0.05 was considered to be statistically 
significant. 

Log dose DBP response curves were con- 
structed from group mean responses for the 20-, 
50-, 100-, and 150-mg doses of nifedipine-SR using 
the placebo response during active treatment as 


Screened 3 to 6 weeks | Randomized after 3 to 6 | Completed 6 weeks of 
baseline weeks baseline active treatment 
(N=494) (N=388) (N=278) 



















































Average supine d astolic 

blood pressure N=98 Placebo N=74 
95 to 119 mmHg N=50 20 mg N=40 
last two visits of N=98 50 mg N=74 
single-blind, placebo- N=98 ——— 100 mg N=65 
baseline period N=44 150 mg N=25 





Double-blind active treatment period 






|-—— 3 to 6 weeks ——- 6 weeks 


FIGURE 1. Patient enroliment and assignment to treat- 
ment groups. 








the baseline. The best fit was determined by using 
linear regression analysis, correlation coefficient 
determination (r value), and the visual aid of 
French curves. A p value of <0.05 was considered 
to be statistically signficant. 

The safety of the treatment was evaluated in all 
randomized patients on the basis of adverse events, 
which were rated as mild (discomfort without a 
significant effect in well-being), moderate (signifi- 
cant discomfort), or severe (severe or life-threaten- 
ing discomfort). 


RESULTS 

Patients: Of the 388 patients randomized to the 
different treatment groups, 373 were included in 
the intent-to-treat analysis. The other 15 dropped 
out of the study prior to the first double-blind visit 
postrandomization. There were 278 patients who 
completed 6 weeks of therapy (74, 40, 74, 65, and 
25 in the placebo, 20-, 50-, 100-, and 150-mg 
nifedipine treatment groups, respectively) and thus 
were evaluable for the primary efficacy analysis 
(Figure 1). All patients enrolled in the double- 
blind active treatment phase were included in the 
safety analysis. The treatment groups did not differ 
with respect to age, sex, race, or weight (Table I). 
Automated ABPM was performed in 221 patients; 
69 in the placebo group and 19, 64, 47, and 22 in the 
nifedipine-SR 20-, 50-, 100-, and 150-mg groups, 
respectively. 

Efficacy: Among the 278 patients who com- 
pleted 6 weeks of therapy, the mean reductions 
from baseline in supine DBP were as follows: 5.9 
mm Hg for placebo, 9.3 mm Hg for 20 mg, 9.2 mm 
Hg for 50 mg, 11.1 mm Hg for 100 mg, and 13.2 mm 
Hg for"150 mg (Table II). The reduction in supine 
DBP from baseline was statistically significant for 
all 4 active treatment groups (p <0.001). In addi- 
tion, for each active treatment group, the reduc- 
tions in supine systolic blood pressure from base- 
line were significantly greater (p <0.001) than that 
after placebo. Blood pressure responses in the 
intent-to-treat group were similar to those who 
completed 6 weeks of therapy (Table III). The 
reductions from baseline during active treatment 
with 20-, 50-, 100-, and 150-mg nifedipine were all 
significantly greater than placebo (supine DBP) 
among those who completed 6 weeks of therapy 
and those in the intent-to-treat groups. 

The log-dose office DBP reductions from base- 
line are shown in Figure 2. There was a significant 
linear relationship between the log of the dose and 
the blood pressure reduction (r = 0.87, p <0.05). 
The dose of nifedipine-SR that produced 50% of 
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the maximum DBP reduction was found to be 26 
mg. 
The log-dose 24 hour mean DBP of the auto- 
mated ABPM is shown in Figure 3. The dose of 
nifedipine SR producing 50% of the maximum 
DBP reduction was 24 mg. There was a significant 
linear relation between dose and blood pressure 
responses (r = 0.86, p <0.05). 

The 24-hour automated ABPM patterns for 
active minus baseline periods for DBPs are shown 
in Figure 4. The patterns of blood pressure re- 
sponses over the 24-hour period were similar 
except for the 20 mg dose, which produced little 
variation over the 24-hour period with approxi- 
mately a 4.8 mm Hg reduction in DBP. These 
curves Clearly illustrate that nifedipine SR in doses 
of 20-, 50-, 100-, and 150-mg was effective for 24 
hours. The peak effect occurred approximately 5-6 
hours after administration. The trough-to-peak 
ratios based on modeled mean data from the 
ABPM data were 0.91, 0.60, 0.65, and 0.74 for the 
20-, 50-, 100-, and 150-mg treatment groups, respec- 
tively. 

Safety: There were 290 patients randomized to 
receive nifedipine-SR 20-150 mg once daily and 98 
to receive placebo during the active treatment 
period. Among those receiving nifedipine-SR, 148 
(51%) experienced one or more adverse events 







DBP reduction 


FIGURE 2. Office supine diastolic blood 
pressure (DBP) in 278 patients who 
6 weeks of treatment with 
placebo (n = 74) or sustained-release 
20 mg (n = 40), 50 mg 
(n = 74), 100 mg (n = 65), or 150 mg 
(n = 25). 


DBP reduction 
mmHg 
12 

FIGURE 3. The 24-hour average auto- 

mated ambulatory diastolic blood pres- 

sure (DBP) monitoring in 210 patients 


after placebo (n = 69) or sustained- 
release nifedipine 20 mg (n = 19), 50 
ae oe 
(n = 11). 











TABLE Ill Mean Blood Pressure Values Before and After 
Treatment with Nifedipine SR (Intent-to-Treat Analysis) 


No. Post-Treatment A p 
Patients Value (mmHg) value 


Supine DBP (mm Hg) 
Placebo 
20 mg 
50 mg 
100 mg 
150 mg 


Supine SBP (mm Hg) 
Placebo 
20 mg 
50 mg 
100 mg 
150 mg 


A = change from baseline at last valid double-blind visit; DBP = diastolic blood | 
pressure; SBP = systolic blood pressure; NS = difference not significant. 


compared with 36 (37%) in the placebo group. In 
the active treatment groups, the percentages of 
adverse reactions by dose were: 20 mg, 38%; 50 mg, 
42%; 100 mg, 61%; and 150 mg, 64% (Table IV). 
The log dose—adverse event relation is shown in 
Figure 2. Edema, predominantly peripheral, and 
headache were the 2 most frequent complaints in 
the placebo group and all 4 nifedipine-SR treat- 
ment groups (Table IV). The overall incidence of 
adverse events was low in the 20- and 50-mg 
nifedipine groups and comparable with that of 
placebo. However, the incidence of adverse events 


DBP response = 4.23 log dose + 3.1 
(mmHg) t= 87 
23-26 hours postdose 












-7 


Placebo 58 mmHg (N=74) 


Placebo adverse effects 


10 20 26 50 70 100 150 280 mg 
Log total daily dose 


DBP response = 4.69 log dose + .43 
(mmHg) r = 86 


50% maximum effect 


Placebo N=69 


20 24 50 100 150 mg 
Log total daily dose 
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increased markedly with doses above 50 mg once 
daily. 


DISCUSSION 

Nifedipine-SR, a new sustained-release matrix 
formulation of amorphous nifedipine, was docu- 
mented by manual and ambulatory blood pressure 
determinations to reduce blood pressure signifi- 
cantly at trough and throughout the daily dosing 
period in doses of 20-, 50-, 100-, and 150-mg 
administered once daily. The 20-mg dose, the 
lowest dose included in the study, had a clinically 
meaningful effect, making it the lowest effective 
dose of any once-daily nifedipine formulation. The 
blood pressure reductions were shown to exhibit a 
log dose-blood pressure reduction relation. The 
doses that were both effective and associated with 
the fewest adverse reactions were 20 mg and 50 mg 
once daily. The automated ABPM findings demon- 
strated that the decrease in blood pressure at peak 


TABLE IV Adverse Experiences Reported in 3% or More of 
Patients Treated with Placebo or Nifedipine-SR 


Placebo 20mg 50mg 100mg 150mg 
(n= 98) (n = 50) (n = 98) (n= 98) (n= 44) 

Adverse Reaction % % % % % 

Overall 

Edema 

Dizziness 

Headache 

Constipation 

Vasodilation 

Tachycardia 

Asthenia 

Nausea 

Dyspepsia 








PS TR ee te | 


—— 20mg 
---- 50 mg 
—-— 100 mg 


dipine 20 mg, 50 mg, 100 mg, or 150 


Placsbo mg. DBP = diastolic blood pressure 


---- 50 mg 
—-— 100 mg 
sereees 150 mg 


effect was not excessive (trough to peak ratio 
>0.6) and that the blood pressure reductions 
persisted throughout the 24-hour dosing interval. 
This may be advantageous for the use of nifedipine 
in the treatment of hypertension and certainly 
offers clinicians another therapeutic choice for 
their patients. 
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Hypertension In The Elderly With a Special Focus 
on Treatment With Angiotensin-Converting 
Enzyme Inhibitors and Calcium Antagonists 


W. Dallas Hall, mD 


Age-related changes (e.g., decrease in plasma 
renin activity and total body potassium, increase 
in plasma catecholamines, volume depletion) 
need to be taken into account when selecting an 
antihypertensive agent for the elderly patient. A 
number of large scale clinical trials (e.g., Systolic 
Hypertension in the Elderly Program, Veterans 
Administration Cooperative Study, European 
Working Party on High Blood Pressure in the Eld- 
erly) have demonstrated that antihypertensive 
therapy with diuretics substantially reduces car- 
diovascular mortality and stroke incidence. How- 
ever, since diuretics, even potassium-sparing 
agents, may induce hypokalemia, newer antihy- 
pertensive agents (angiotensin-converting en- 
zyme [ACE] inhibitors and calcium antagonists) 
may also be appropriate as first-line monother- 
apy for this patient population. ACE inhibitors are 
effective antihypertensive agents and are asso- 
ciated with a lower rate of adverse effects than 
diuretics, 8 blockers, and centrally acting agents. 
Nevertheless, periodic monitoring of serum po- 
tassium, creatinine levels, and renal function is 
advisable. An important feature of calcium antag- 
onists is that they lower blood pressure with no 
negative effect on serum lipids or glucose metab- 
olism. Typically, they have few side effects, pe- 
ripheral edema being the most commonly re- 
ported. A recent double-blind randomized study 
comparing a new sustained release nifedipine 
formulation and the ACE inhibitor lisinopril found 
the 2 drugs equivalent in efficacy with no differ- 
ences in the rate of adverse events. 

(Am J Cardiol 1992;69:33E-42E) 


From the Division of Hypertension, Emory University School of 
Medicine, Atlanta, Georgia 

Address for reprints: W. Dallas Hall, MD, Department of 
Medicine, 69 Butler Street, Atlanta, Georgia 30303. 


Iderly is an adjective meaning between 

middle and older (elder) ages. Many terms 

have been used to categorize persons of 
increasing chronologic age. Hall’s classification 
(Table I) is one that appeases most adults as they 
mature.! The need to differentiate the elderly from 
the general population is especially critical when 
selecting and prescribing antihypertensive agents, 
as the effect of age often reduces the usual adult 
daily dose. Moreover, a simplified, low-dosage 
regimen may be the key to therapeutic success 
when prescribing for this highly medicated and 
often noncompliant age group. 


MAKING THE DIAGNOSIS OF ESSENTIAL 
HYPERTENSION IN THE ELDERLY 

The diagnosis of diastolic hypertension requires 
confirmation of an average seated diastolic blood 
pressure >90 mm Hg on 3 consecutive visits, 
generally made over several weeks or more (Table 
II).? The diagnosis of isolated systolic hypertension 
requires confirmation of an average seated systolic 
blood pressure >160 mm Hg when the diastolic 
blood pressure remains <90 mm Hg on 3 consecu- 
tive visits (Table II).? 

When diastolic blood pressure at the initial visit 
is between 90 and 104 mm Hg, or when the initial 
systolic blood pressure level is between 160 and 200 
mm Hg, repeated measurements on subsequent 
visits will fall into the normal range without drug 
therapy in approximately 50% of patients. Hence, 
the diagnosis needs to be confirmed prior to 
making a commitment to long-term therapy. 

Pseudohypertension is when the brachial artery 
is so hardened and stiff that it cannot be com- 
pressed normally by the air pressure in the bladder 
of the blood pressure cuff, causing artefactual 
elevations in the level of systolic blood pressure. It 
is suspected clinically by the presence of a positive 
Osler’s sign, in which the radial artery fails to 
collapse and remains easily palpable even after 
blood flow is occluded by raising the cuff pressure 
above the systolic pressure.> Pseudohypertension 
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TABLE I Hall’s Classification of Aging 
Term Age Range (years) 







Mature Adult 55-67 
Aging 68-76 
Elderly 77-86 
Aged 87-99 
Born lucky >100 





Reprinted with permission from Mod Concepts Cardiovasc Dis.! 


TABLE II Classification of Blood Pressure in Adults 
Blood Pressure Range (mm Hg) Category 


Diastolic 
<85 
85-89 
90-104 
105-114 
2115 

Systolic* 
<140 
140-159 
>160 


Normal 

High normal 

Mild hypertension 
Moderate hypertension 
Severe hypertension 


Normal 
Borderline isolated systolic hypertension 
Isolated systolic hypertension 


*When diastolic blood pressure is < 90 mm Hg. 
led. 


Reprinted with permission from Arch Intern Med. 





can be confirmed by a direct measurement of 
intraarterial pressure that is markedly lower than 
the recorded cuff pressure. 

Pseudohypotension occurs in a few elderly pa- 
tients who have a difference in systolic blood 
pressure >20 mm Hg between the left and right 
arms. The condition is due to atherosclerotic steno- 
sis of the subclavian artery, suspected by detection 
of an infraclavicular bruit on the side of the arm 
with the lower blood pressure. In this setting, 
diagnosis and management decisions must be based 
on blood pressure readings in the arm with the 
higher value. 

Renovascular hypertension is suspected in eld- 
erly patients when diastolic hypertension is abrupt 
in onset, or when blood pressure that was previ- 
ously easy to control becomes more resistant to 
therapy.* Vetrovec and colleagues’ performed ab- 
dominal angiography in 116 hypertensive patients 
(average age 57 years) undergoing diagnostic coro- 
nary angiography. Renal artery stenosis (>50% 
narrowing of one or both renal arteries) was 
present in 27 of the 116 patients (23%). The 
prevalence of atherosclerotic renal artery stenosis 
is also increased 2-fold in patients with diabetes 
mellitus,*’ especially those with proteinuria. 


HEMODYNAMIC FEATURES OF HYPERTENSION 
IN THE ELDERLY 

The Baltimore Longitudinal Study on Aging® 
showed no decrease in resting or exercise cardiac 


output with advancing age in healthy, active sub- 
jects free of cardiovascular disease. However, in 
relatively healthy hypertensive subjects, most stud- 
ies have shown a lower cardiac output and a higher 
total peripheral resistance in elderly compared 
with younger individuals.?'° Antihypertensive ther- 
apy should be selected to reduce the elevated total 
peripheral resistance because it is the hemody- 
namic abnormality responsible for the hyperten- 
sion. 

The increase in total peripheral resistance in 
elderly hypertensive patients is accompanied by 
regional increases in peripheral resistance in cer- 
tain target organs. For example, renal vascular 
resistance increases progressively with advancing 
age in hypertensive patients.'! Messerli and cowork- 
ers’ reported average renal blood flows of 674 
versus 1,110 mL/min and average renal vascular 
resistances of 1,691 versus 1,012 units, respectively, 
in elderly compared with young patients with 
similar degrees of essential hypertension. 


HUMORAL FEATURES OF HYPERTENSION IN 
THE ELDERLY 

With increasing age, the renin-angiotensin sys- 
tem is suppressed in both normotensive and hyper- 
tensive individuals, as evidenced by the 4 studies 
listed in Table III. Weidmann et al!* found that 
average plasma renin activity was approximately 
50% lower in elderly compared with younger 
healthy individuals. Zozaya et al? noted a 62% 
lower average plasma renin activity in a much 
larger sample of subjects. Noth et al!* confirmed 
the lower plasma renin activity values of normoten- 
sive and hypertensive elderly subjects and found a 
low renin profile in 9 of 15 (60%) elderly hyperten- 
sives, a prevalence of low renin hypertension simi- 
lar to the 45% reported subsequently by Gavras et 
al! in elderly patients. Ruddy and associates!® 
reported lower plasma renin activity values in 
hypertensive versus normotensive elderly subjects 
and found an inverse correlation between plasma 
renin activity and age (r = — 0.26, p = 0.009). 
Bielen et al? noted that plasma renin activity 
reached its nadir by age 60 years, with little or no 
further decrease between the ages of 60 and 83 
years. The lower plasma renin activity of elderly 
individuals is most likely related to lower activity of 
renin enzyme!” rather than lower levels of angioten- 
sinogen substrate.'* Although some investigators 
have found slightly lower aldosterone values associ- 
ated with the low renin profile of elderly sub- 
jects,!*3 a few have not.!4 

A low plasma renin activity would blunt the 
antihypertensive efficacy of therapy with angioten- 
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Age 
(years) 


PRA 


Reference BP No. (ng/mL/h) 








Weidmann et al!2 N Elderly (62-70) yi 0.96* 
N Young (20-30) 24 1.99 

Zozaya et al!3 N Elderly (75) 40 1.60* 
N Young (39) 37 4.17 

Noth et al!4 N Elderly (50-58) 19 2.65* 
N Young (20-29) 17 9.10 
H Elderly (47—61) 15 1.72* 
H Young (18-30) 11 3.70 

Ruddy et al?6 N Elderly (69) 39 2.9t 
H Elderly (71) 81 1.2 





5, comparison of PRA between elderly and young subjects. 


<0 
<0. 
=b 


829 


presssure; H = high; N = normal; PRA = plasma renin activity. 


sin-converting enzyme (ACE) inhibitors if the 
mechanism of action of ACE inhibitors was limited 
solely to reduction in angiotensin II levels and if 
the specific actions on tissue ACE activity in the 
kidney, heart, brain, arterial wall, etc. were re- 
flected accurately by the plasma levels of ACE and 
plasma renin activity. However, the action of most 
ACE inhibitors includes stimulation of vasodilator 
prostaglandins'*!° and kinins such as bradyki- 
nin.!8% Moreover, renin and angiotensin are synthe- 
sized locally in many tissues where the local concen- 
trations of angiotensin might exceed the plasma 
level and modulate vascular resistance and cellular 
hypertrophy.!? Indirect evidence that ACE inhib- 
itors have important activity on the tissue renin- 
angiotensin or other humoral systems includes the 
observation that ramipril reduced blood pressure 
in nephrectomized patients whose baseline plasma 
renin level was hardly detectable.” 

Plasma catecholamines increase with age in 
both hypertensive and normotensive individu- 
als.°*45 There is, however, a reduced responsive- 
ness to certain adrenergic stimuli? and diminished 
sensitivity of the baroreceptor reflex.” The blood 
pressure-lowering effect of central a agonists? and 
peripheral a blockers”? would be increased in the 
setting of higher plasma catecholamines. 

Atrial natriuretic peptide levels increase with 
age, perhaps as a compensatory response to 
declining cardiac function. Low-dose infusions of 
atrial natriuretic peptide suppress plasma renin 
activity?! and reduce vasoconstriction.*?*3 A de- 
crease in the number of renal binding sites for 
atrial natriuretic peptide would help explain the 
impaired natriuresis typical of the aging kidney** 
but has not been documented. Accentuation of 
the action of atrial natriuretic peptide by inhibition 
of its enzymatic breakdown could reduce blood 
pressure by a combined diuretic and vasodilator 
effect.35-*6 


TABLE Iil Ambulatory Plasma Renin Activity in Elderly Versus Young Individuals with Normal or High Blood Pressure 





5, comparison of PRA between hypertensive ae normotensive elderly subjects. 






Comments 












Dietary sodium 120 mEq/day in both groups 


24-hour sodium excretion averaged 116 and 137 mEq in the elderly and 
young groups, respectively 


Low sodium (10 mEq/day) diet 


9 of 15 (60%) low renin 
2 of 11 (18%) low renin 


Unrestricted diet 











BODY COMPOSITION IN THE ELDERLY 

The classic Evan’s blue dye studies of 90 pa- 
tients (only 7 of whom were age >55 years) by 
Gibson and Evans in 1937% demonstrated that the 
blood volume compartments decrease with advanc- 
ing age. Fulop and associates? used more modern 
isotopic techniques to measure total body water, 
lean body mass, exchangeable sodium, and the 
volumes of the plasma and extracellular, intracellu- 
lar, and interstitial spaces in 40 healthy elderly and 
20 young white individuals. Their results are sum- 
marized in Table IV. A lower total body water and 
lean body mass were found in healthy elderly 
women but not men. Total extracellular fluid 
volume did not differ in elderly versus young 
subjects but plasma volume was higher, especially 
in women. Weidmann and coworkers!” reported no 
differences in either total blood volume (25.1 vs 24.4 
mL/cm height) or plasma volume (15.3 vs 14.4 
mL/cm height) in 8 normotensive elderly men and 
women (age 62-70 years) compared with 8 younger 


TABLE IV Volume Compartment Characteristics in Healthy 
Elderly and Young Men and Women 


Women 


Elderly 
580 + 54* 


Young Elderly Young 


Total body water 586 + 64 442+57 531+ 90 
(mL/kg) 

Intracellular volume 376 + 42 
(mL/kg) 

Extracellular volume 204 + 37 
(mL/kg) 

Interstitial volume 
(mL/kg) 

Plasma volume 
(mL/kg) 

Exchangeable so- 
dium (mEq/kg) 

Lean body mass 
(g/kg) 


*Standard deviation. 
Reprinted with permission from Gerontology.3® 
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378+ 42 248 +26 329+ 65 


208 + 31 193+19 192+ 31 


157+20 168+21 149+21 173+ 42 


47 +6 43+8 


38 +7 41+6 


790+78 801+88 604+ 78 725+113 





TABLE V Antihypertensive Therapy in SHEP: Blood Pressure 
Lowering Effect of Diuretic With or Without Atenolol 


Placebo Active Treatment 


2,365 
171/77 
144/68 
=2//=9 


No. 2,374 


170/76 
155/71 
=15/=5 


SHEP = Systolic Hypertension in the Elderly Program. 
Reprinted with permission from JAMA.>' 


Baseline 
5 years 
Change 


TABLE VI Antihypertensive Therapy in 672 Elderly Men: 
Diuretic Monotherapy 


HCTZ 


25-50 mg/day 50-100 mg/day 


330 
157/98 
136/89 
—20/-10 

32% 


No. 342 
Baseline 158/99 
10 weeks 140/89 
Change in blood pressure -18/-10 
K+ < 3.5 mEqfliter 19% 


HCTZ = hydrochlorothiazide. 


Reprinted with permission from Hypertension.5° 


men and women (age 20-30 years). However, 
Messerli et al? compared younger and older hyper- 
tensive men and women. Total blood volume was 
lower in the older hypertensives (4.10 vs 4.64 liters, 
p <0.03) and correlated inversely with the total 
peripheral resistance. Volume depletion in elderly 
hypertensive patients with injudicious use of diuret- 
ics could lead to increased susceptibility to dehydra- 
tion and orthostatic hypotension. 

Total body potassium is decreased significantly 
in the elderly.>?*° Fulop and coworkers? reported 
values of 44.9 vs 51.3 mmol/kg in elderly compared 
with younger men, and 34.1 vs 44.2 mmol/kg in 
elderly compared with younger women. A large 
proportion of the lower total body potassium in the 
elderly is related to the reduction in lean body 
mass. Black individuals often have lower dietary 
intakes of potassium,*! but total body potassium 
tends to be higher than in gender- and age- 
matched control whites, largely because of greater 
lean body mass.*” The decreased total body potas- 
sium content of elderly patients emphasizes the 
importance of careful monitoring of the serum 
potassium level during diuretic therapy, especially 
if dietary potassium intake is limited. 

Intracellular calcium levels tend to be increased 
in patients with essential hypertension and to 
contribute to the vasoconstriction and increase in 
total peripheral resistance.**** Resnick and col- 
leagues #5% have developed the hypothesis that 
there is an altered (“mirror image”) distribution of 
calcium and magnesium between the intracellular 








and extracellular compartments in essential hyper- 

tension, especially in low renin patients who ex- 

hibit lower serum levels of ionized calcium. Zozaya 

et al!3 also found a lower serum level of ionized 
calcium in elderly patients, with a positive correla- 

tion between the level of ionized calcium and 

plasma renin activity. A lower level of extracellular 

calcium and a higher level of intracellular calcium 

would enhance the blood pressure lowering effects 

of calcium antagonists.“ 


TREATMENT OF HYPERTENSION IN THE 
ELDERLY 

General: Several excellent reviews address the 
treatment of diastolic hypertension in elderly indi- 
viduals.***4 In addition, recently published data 
from the Systolic Hypertension in the Elderly 
Program (SHEP) provide guidelines for the treat- 
ment of isolated systolic hypertension in the eld- 
erly. 

Active treatment in the SHEP trial began with a 
very low dose (12.5 mg daily) of the diuretic 
chlorthalidone, which was increased to 25 mg daily 
if systolic blood pressure remained > 160 mm Hg 
or had been reduced from baseline by <20 mm Hg. 
A low dose of atenolol (initially 25 mg, then 50 mg 
daily) was subsequently added as necessary to 
achieve goal systolic blood pressure. The 5-year 
changes in blood pressure in the active treatment 
and placebo groups are summarized in Table V. 
Serum potassium levels were monitored closely, 
and supplemental potassium was prescribed for all 
patients who developed a level of 3.2 mEq/liter or 
lower, which occurred in 3.9% of participants. The 
SHEP trial demonstrated the efficacy of lowering 
systoltc blood pressure for the prevention of stroke, 
but was not a comparative study of a thiazide 
diuretic and atenolol. 

A recently published Veterans Administration 
Cooperative Study compared the use of low dose 
(25-50 mg daily) and high dose (50-100 mg daily) 
hydrochlorothiazide (HCTZ) for 10 weeks in 690 
elderly men (mean age 64 years) with diastolic 
hypertension. The results are summarized in 
Table VI and demonstrate that low dose HCTZ 
produced >90% as much blood pressure reduc- 
tion as did the higher dose. Hypokalemia, defined 
as a serum potassium level <3.5 mEq/liter, oc- 
curred in 32.3% of the high-dose HCTZ group and 
18.6% of the low dose HCTZ group. The incidence 
of hypokalemia in this study is comparable with a 
27.5% (50 mg HCTZ daily) and 50% (100 mg 
HCTZ daily) frequency of hypokalemia reported 
in an earlier Veterans Administration cooperative 
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study conducted with nonelderly men (average age 
50 years).°’ These data suggest that, despite the 
lower total body potassium content of elderly 
individuals, diuretic-induced hypokalemia occurs 
with a similarly high prevalence in both elderly and 
nonelderly hypertensive patients. 

Elderly hypertensive patients demonstrate a 
reduction in blood pressure that is even greater 
than that of younger patients who receive diuretic 
monotherapy.°* Diuretic-based therapy (25-50 mg 
HCTZ plus 50-100 mg triamterene versus placebo) 
was also used in the European Working Party on 
High Blood Pressure in the Elderly (EWPHE) trial 
of 840 elderly patients (mean age 72 years) with 
diastolic hypertension.” The average follow-up 
period was 4.6 years. Use of a potassium-sparing 
diuretic led to only modest differences in the serum 
potassium level in the actively treated group (4.05 
mEq/liter) compared with the placebo-treated 
group (4.25 mEq/liter). 

The results from diuretic-based trials of antihy- 
pertensive therapy (versus placebo) in the elderly 
suggest a clear benefit in the risk of cardiovascular 
complications. In SHEP, the total stroke incidence 
was reduced by 36% (p <0.003); nonfatal and fatal 
coronary heart disease events were reduced 25%. 
In EWPHE, total cardiovascular mortality was 
reduced 27% (p = 0.037) due largely to a 38% 
reduction in coronary heart disease mortality 
(p = 0.036); stroke mortality was reduced by 32%. 
Both the SHEP and EWPHE trials used special 
measures to reduce the risks of hypokalemia. As 
demonstrated by the Veterans Administration trial, 
however, hypokalemia can occur in as many as 
18.6% of unsupplemented elderly hypertensive 
patients even when the dose of HCTZ is redyced to 
25-50 mg daily. A decline in renal function, 
defined as a 50% increase in serum creatinine after 
the first year, occurred in 44% of patients follow- 
ing institution of diuretic-based therapy in the 
EWPHE trial;®! results from the SHEP trial are not 
yet analyzed. 


ACE INHIBITORS 

Table VII provides a list of the ACE inhibitors 
now marketed in the United States. The preceding 
discussion of lower plasma renin activity levels in 
the elderly would suggest that ACE inhibitors 
might be less efficacious in elderly compared with 
younger individuals. The data, however, demon- 
strate efficacy in elderly hypertensives, with little or 
no difference in the magnitude of the reduction in 
blood pressure when younger and older patients 
are compared. 








Benazapril Lotensin 







Captopril Capoten 
Enalapril Vasotec 
Fosinopril Monopril 
Lisinopril Prinivil, Zestril 
Quinapril Accupril 
Ramipril Altace 






*As of April 1992. 


A large multicenter trial on 975 hypertensive 
patients age >65 years treated with captopril was 
reported by Jenkins et al. The results demon- 
strated effective reduction of blood pressure with- 
out serious hypotensive episodes or adverse effects 
on renal function. In smaller trials, efficacy of ACE 
inhibitors in elderly hypertensives has been shown 
for benazepril, captopril,®*° enalapril,®”® lisino- 
pril,°*”° quinapril,”)”? ramipril,” and others.”75 

Bonus effects of ACE inhibitors for the treat- 
ment of hypertension in the elderly include their 
beneficial effects on congestive heart failure, 67 
regression of left ventricular hypertrophy,’*”? and 
slowing of the rate of progression of renal failure,®° 
especially in diabetic patients.*! 

As a class, the ACE inhibitors have no deleteri- 
ous effects on serum lipids*? and may even blunt 
the adverse lipid changes and magnitude of potas- 
sium loss associated with short-term thiazide di- 
uretic therapy.*? Glucose metabolism and insulin 
levels are unaltered by ACE inhibitor therapy.***> 
Unlike the B blockers, there is no evidence that 
ACE inhibitors are cardioprotective following acute 
myocardial infarction,®° but they may reduce the 
left ventricular dilation and increased filling pres- 
sure after anterior myocardial infarction, leading 
to improved exercise tolerance.*” 

The ACE inhibitors have a lower rate of adverse 
effects than do the diuretics, B blockers, or cen- 
trally acting agents. In particular, they do not 
impair exercise tolerance, decrease cardiac contrac- 
tility or conduction (or coronary blood flow), re- 
duce renal or cerebral blood flow, alter mental 
acuity, or induce sexual dysfunction. A bothersome 
and relatively prevalent adverse effect, however, is 
a dry cough.® This effect is especially germane in 
elderly patients because of their increased propen- 
sity to cough as related to comorbid illnesses, such 
as chronic obstructive pulmonary disease, acute 
respiratory infections, and congestive heart failure. 
For unexplained reasons, the cough occurs more 
commonly in women than in men, and it thus 
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TABLE VIII Calcium Antagonists Marketed in the United 
States* 


Generic Name Trade Names 












Bepridil Vascor 

Diltiazem Cardizem, Cardizem SR, Cardizem CD 
Felodipine Plendil 

Isradipine DynaCirc 

Nicardipine Cardene 

Nifedipine Adalat, Procardia, Procardia XL 

Nimodipine Nimotop 

Verapamil Calan, Calan SR, Isoptin, Isoptin-SR, Verelan 


*As of April 1992. 


becomes even more prevalent in the elderly, the 
majority of whom are women. The cough is specific 
to ACE inhibitors as a class and, if truly drug- 
related, does not improve by converting from one 
ACE inhibitor to another. 

Other adverse effects of ACE inhibitors include 
rash, hyperkalemia, acute worsening of renal func- 
tion in the presence of bilateral renal artery steno- 
sis, and rarely, angioneurotic edema. The rash 
occurs in 2-5% of patients, is usually macular, and 
responds to discontinuation of the drug. Hyperkal- 
emia is an infrequent adverse effect of ACE 
inhibitors in patients with uncomplicated hyperten- 
sion but occurs more often in patients with mild-to- 
moderate renal failure, especially if there is concom- 
itant use of nonsteroidal antiinflammatory drugs.”! 
The mechanism is related to the ACE inhibitor- 
induced decrease in aldosterone production associ- 
ated with the reduced levels of angiotensin II. The 
decrease in glomerular filtration rate with advanc- 
ing age, the frequent use of nonsteroidal antiinfiam- 
matory agents, and the increased prevalence of 
hypoaldosteronism in the elderly” all suggest care- 
ful attention to the use of potassium supplements, 
as well as intermittent monitoring of serum potas- 
sium and creatinine levels following prescribing of 
ACE inhibitors to elderly patients. Acute renal 
failure is an uncommon but feared complication of 
ACE inhibitor therapy in patients with bilateral 
renal artery stenosis” and other high renin states 
for which maintenance of glomerular filtration rate 
is dependent on high resistance in the renal ef- 
ferent arteriole.” 


CALCIUM ANTAGONISTS 

Table VIII provides a list of the calcium antago- 
nists now marketed in the United States. Amlo- 
dipine, felodipine, isradipine, nicardipine, and nife- 
dipine are dihydropyridine derivatives. Calcium 
antagonists, such as diltiazem,» felodipine,” isra- 
dipine,** nicardipine,” nifedipine,!©!° vera- 


pamil,'©? and others! have proven effective blood 
pressure-lowering agents in elderly hypertensives. 

Buhler and associates!*! first reported that 
the reduction in blood pressure with calcium antag- 
onists correlated directly with the height of the 
blood pressure and the age of the patient and 
inversely with the plasma renin activity. This led to 
the view that calcium antagonists were especially 
effective in older and low renin patients. Subse- 
quent studies, however, have demonstrated equal 
efficacy in both older and younger hyperten- 
sives,>!-107,108 as well as black and white hyperten- 
sives, 108,109 

Bonus effects of calcium antagonists for the 
treatment of hypertension in the elderly include 
their beneficial effects on angina pectoris,!!° possi- 
ble regression of left ventricular hypertrophy,”®!!!112 
preservation or improvement in glomerular filtra- 
tion rate and renal blood flow,!!3-115 and decrease 
in proteinuria in some diabetics.!!6 Calcium antag- 
onists exert no deleterious effects on serum lipids 
or glucose metabolism,®*!!? and are under active 
investigation with regard to prevention of the 
progression of atherosclerosis. !!*!!9 

Adverse effects are relatively infrequent but 
include peripheral edema, dizziness, flushing, and 
constipation and may be dose related.'!7° Severe 
rashes may occur more frequently than anticipated 
originally.!*! Mild cardiodepressant effects of vera- 
pamil and diltiazem (but not the dihydropyridines, 
e.g., nifedipine) limit their use in patients with 
advanced left ventricular systolic dysfunction, sick 
sinus syndrome, or atrioventricular node disease, 
especially if used in combination with B blockers. 

When calcium antagonists are used in the man- 
agement of patients with severe hypertension, a 
useful adage is “the higher the pressure, the 
greater the fall.” Too rapid of a reduction in blood 
pressure can be associated with ischemic T-wave 
changes in patients with coronary artery disease!” 
as well as in otherwise uncomplicated hypertensive 
patients with echocardiographic left ventricular 
hypertrophy.!7° 


DOUBLE-BLIND, RANDOMIZED, COMPARATIVE 
TRIALS OF MONOTHERAPY FOR 
HYPERTENSION IN THE ELDERLY 

There are very few large, double-blind, random- 
ized studies that provide a comparison of monother- 
apy with different classes of antihypertensive drugs 
in elderly patients. The largest is a recently pub- 
lished trial comparing 16 weeks of therapy with a B 
blocker (atenolol, 50-100 mg daily), an ACE inhib- 
itor (enalapril, 5-20 mg once daily) and a calcium 
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TABLE IX Comparison of Calcium Antagonist, 8 Blocker, and 
| Angiotensin-Converting Enzyme Inhibitor Monotherapy in Elderly 
Hypertensive Women 


Diltiazem Atenolol Enalapril 


No. 79 79 84 
Baseline BP (mm Hg) 161/98 165/99 166/98 
Week 16 BP (mm Hg) 147/84 154/88 153/88 
Change in BP (mm Hg) —14/-14 =11/-11 =13/-11 
Adverse events re- 54 53 46 
ported (%) 
en in diastolic blood pressure => 10 mm Hg to <90 mm Hg. 


pressure. 
Reprinted with permission from Arch Intern Med. 124 


channel blocker (sustained release diltiazem, 60- 
180 mg twice daily) in 242 women age > 65 years 
with a diastolic blood pressure between 95-114 mm 
Hg.'*4 The results are summarized in Table IX and 
indicate that all three classes of drugs were effec- 
tive in lowering diastolic blood pressure with no 
significant differences in the rate of adverse events. 
Although there was a trend toward worse scores on 
quality-of-life measures for the atenolol group, the 
findings were variable over time and reached statis- 
tical significance on only 1 occasion. 

Another smaller, but randomized, double-blind 
trial has recently been completed comparing mono- 
therapy with two classes of antihypertensive drugs 
in elderly men and women. Patients aged > 64 
years with a diastolic blood pressure of 95-114 mm 
Hg were randomized to receive either a new 
sustained release formulation of nifedipine (Ad- 
alat-SR 10-100 mg once daily; Miles) or lisinopril 
(Prinivil 5-40 mg once daily; Merck Sharp and 


FIGURE 1. Effects of nifedipine SR and 
lisinopril on diastolic blood pressure, 
recorded with a 24-hour ambulatory 
monitoring device (after 8 weeks of 
treatment). 


Mean change of diastolic BP (mmHg) 





TABLE X Comparison of Calcium Antagonist and Angiotensin 
Converting-Enzyme Inhibitor Monotherapy in 
Elderly Hypertensive Men and Women* 


Nifedipine-SR Lisinopril 
No. of patients 35 36 
Baseline supine BP (mm Hg) 168/100 165/100 
Week 10 supine BP (mm Hg) 155/91 154/91 
Change in supine BP (mm Hg) -13/-10 -11/-8 
Goal BP (%) 46 50 
Adverse events reported (%) 46 44 

*Data on file, Pharmaceutical Division, Miles Inc. 


tReduction in diastolic blood pressure > 10 mm Hg or to <90 mm Hg. 
BP = blood pressure. 





Dohme) for 10 weeks following a 4-week placebo 
run-in period. Table X provides a summary of the 
results and Figure 1 demonstrates the pattern of 
diastolic blood pressure decrease as recorded by 
24-hour ambulatory monitoring after 8 weeks of 
treatment. There was equivalent efficacy of sus- 
tained-release nifedipine and lisinopril, with no 
differences in the rate of adverse events. 


CONCLUSIONS 

Only 2 clinical trials, SHEP and EWPHE, have 
thus far documented long-term decreases in cardio- 
vascular morbidity and mortality in elderly hyper- 
tensive patients receiving antihypertensive ther- 
apy, and both used diuretic-based therapy. Data 
from short-term trials in elderly hypertensives 
suggest that ACE inhibitors, B blockers, and cal- 
cium antagonists are similary effective in lowering 
elevated blood pressure. Selection of a particular 
drug for first-line therapy will often be based on the 
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characteristics and comorbid illnesses of the pa- 
tient. Other important factors are the drug’s regi- 
men and daily dosage, which may determine com- 
pliance, and the adverse effect profile of the drug. 
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To reduce heart attack risk, don’t overlook coexisting low HDL, 
high triglycerides, and high LDL. A recently published 
ane of data from a Helsinki Heart Study subgroup shows 
why: 


\ 
LOPID reduced the incidence Waa 
of heart attack* 71% 


—in a high-risk subgroup of 
patients with multiple lipid 
disorders. While the overall 
reduction in heart attack was 
34%, the greatest reduction 
in heart attack was achieved 
among those LOPID patients 
with baseline triglycerides 
>200 mg/dL and baseline 
LDL/HDL >5 (n = 154),*! 
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i ‘| ) 600-m 
gemfibrozil ) ons 
TREATS THE ENTIRE TRIAD 
DRAMATICALLY REDUCES HEART ATTACK 


LOPID is indicated for reducing the risk of coronary heart disease in type IIb 
patients with low HDL, in addition to elevated LDL and triglycerides, and 

who have had an inadequate response to weight loss, diet, exercise, and other 
pharmacologic agents such as bile acid sequestrants and nicotinic acid. 
LOPID is not indicated for the treatment of patients with low HDL as their only 


lipid abnormality. 


Contraindicated in patients with hepatic or severe renal dysfunction, including 
primary biliary cirrhosis, preexisting gallbladder disease, or hypersensitivity to 
gemfibrozil. LOPID may increase cholesterol secretion into the bile, leading to 
cholelithiasis. Caution should be exercised when anticoagulants are given in 
conjunction with LOPID. 






















Reference 1, Manninen V, Tenkanen L, Koskinen P, etal. Joint effects of serum triglyceride and LDL cholesterol and 
HDL cholesterol concentrations on coronary heart disease risk in the Helsinki Heart Study: implications for 
treatment. Circulation. 1992;85:37-45. 


*Defined as a combination of definite coronary death and/or definite myocardial infarction. 
"Mean HDL = 35 mg/dL; mean LDL = 208 mg/dL; P = 005; 95% CI 21.2 to 118.6. 


Please see last page of this advertisement for warnings, contraindications, and 
brief summary of prescribing information. 
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prescribing information. 


| 2. Preexisting gallbladder disease (See WARNINGS). 
i 3. Hypersensitivity to gemfibrozil. 
| WARNINGS. 1. Because of chemical, pharmacological, and clinical similarities be- 


jects and 3000 placebo-treated subjects, but twice as many clofibrate-treated subjects 
developed cholelithiasis and chalecystitis requiring surgery. In the other study, con- 
ducted by the World Health Organization (WHO), 5000 subjects without known cor- 
onary heart disease were treated with clofibrate for five years and followed one year 


due to a 33% increase in noncardiovascular causes, including malignancy, post- 
cholecystectomy complications and pancreatitis. The higher risk of Clofibrate-treated 
subjects for gallbladder disease was confirmed. 

During the Helsinki Heart Study and in the 12 year follow-up period since the trial 
was completed, mortality from any cause was 59 (2.9%) in the Lopid group and 55 
(2.7%) in the placebo group. Mortality from any cause during the double-blind portion 
of the study was 44 deaths in the Lopid group and 43 in the placebo group. Because of 
the more limited size of the Helsinki Heart Study, this result is not statistically- 
significantly different from the 29% excess mortality seen in the clofibrate group in the 
separate WHO study. Noncoronary heart disease related mortality showed a 58% 
greater trend in the Lopid group (43 vs 27 patients in the placebo group, p=0.056). 

In the Helsinki Heart Study, the incidence of total malignancies discovered during the 
trial and in the 11 years since the trial was completed was 39 in the Lopid group and 29 
in the placebo group (difference not statistically significant). This includes 5 basal cell 
carcinomas in the Lopid group and none in the placebo group (p=0.06; historical date 
predicted an expected 4.7 cases in the placebo group). GI malignancies and deaths 
from malignancies were not statistically 
different between Lopid and placebo sub- 
groups. Follow-up of the Helsinki Heart 
Study participants will provide further infor- 
mation on cause-specific mortality and 
cancer morbidity. 

2. A gallstone prevalence substudy of 450 
Helsinki Heart Study participants showed a 
trend toward a greater prevalence of gall- 
stones during the study within the Lopid 
treatment group (7.5% vs 4.9% for the place- 
bo group, a 55% excess for the gemfibrozil 
group). A trend toward a greater incidence 
of gallbladder surgery was observed for the 
Lopid group (17 vs 11 subjects, a 54% ex- 
cess). This result did not differ statistically 
from the increased incidence of cholecystectomy observed in the WHO study in the 
group treated with clofibrate. Both clofibrate and gemfibrozil may increase cholesterol 
excretion into the bile leading to cholelithiasis. If cholelithiasis is suspected, gallbladder 
studies are indicated. Lopid therapy should be discontinued if gallstones are found. 

3. Since a reduction of mortality from coronary artery disease has not been 
demonstrated and because | ver and interstitial cell testicular tumors were increased in 
rats, Lopid should be administered only to those patients described in the INDICATIONS 
AND USAGE section. If a significant serum lipid response is not obtained, Lopid should 
be discontinued. 

4, Concomitant Anticoagulants — Caution should be exercised when anticoagulants 
are given in conjunction with Lopid. The dosage of the anticoagulant should be reduced 
to maintain the prothrombin time at the desired level to prevent bleeding complications. 
Frequent prothrombin determinations are advisable until it has been definitely determined 
that the prothrombin level has stabilized. 

5. Concomitant therapy with Lopid and Mevacor® (lovastatin) has been associated with 
rhabdomyolysis, markedly elevated creatine kinase (CK) levels and myoglobinuria, 
leading in a high proportion of cases to acute renal failure. In most subjects who have 
had an unsatisfactory lipid response to either drug alone, the possible benefit of combined 
therapy with lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, 
rhabdomyolysis, and acute “enal failure (See Drug Interactions). The use of fibrates 
alone, including Lopid, may occasionally be associated with myositis. Patients receiving 
Lopid and complaining of muscle pain, tenderness, or weakness should have prompt 
medical evaluation for myositis, including serum creatine kinase level determination. If 
myositis is suspected or diagnosed, Lopid therapy should be withdrawn. 

6 Cataracts —Subcapsular bilateral cataracts occurred in 10%, and unilateral in 63% 
of male rats treated with gemfibrozil at 10 times the human dose. 

PRECAUTIONS. 1. Initial Therapy — Laboratory studies should be done to ascertain 
that the lipid levels are consistently abnormal. Before instituting Lopid therapy, every at- 
tempt should be made to control serum lipids with appropriate diet, exercise, weight loss 
in obese patients, and control of any medical problems such as diabetes mellitus and 
hypothyroidism that are contributing to the lipid abnormalities. 

2. Continued Therapy — Periodic determination of serum lipids should be obtained, 
and the drug withdrawn if | pid response is inadequate after 3 months of therapy. 

3, Drug Interactions —(A) Lovastatin: Rhabdomyolysis has occurred with combined 
gemfibrozil and lovastatin therapy. It may be seen as early as 3 weeks after initiation of 
combined therapy or after several months. In most subjects who have had an unsatisfac- 
tory lipid response to either drug alone, the possible benefit of combined therapy with 
lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, rhab- 
domyolysis, and acute renal failure. There is no assurance that periodic monitoring of 
creatine kinase will prevert the occurrence of severe myopathy and kidney damage. 

(B) Anticoagulants: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 
LANTS ARE GIVEN IN CONJUNCTION WITH LOPID. THE DOSAGE OF THE ANTI- 
COAGULANT SHOULD BE REDUCED TO MAINTAIN THE PROTHROMBIN TIME AT 
THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT 
PROTHROMBIN DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN 
DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL HAS STABILIZED. 

4. Carcinogenesis, Mutagenesis, Impairment of Fertility— Long-term studies 
have been conducted in rats and mice at one and ten times the human dose. Thesnci- 
dence of benign liver nocules and liver carcinomas was significantly increased inihigh 
dose male rats. The incidence of liver carcinomas increased also in low dose males, 
but this increase was not statistically significant (p=0.1). In high dose female rats, there 
was a significant increase in the combined incidence of benign, and malignant liver 
neoplasms. In male and temale mice, there were no statistically significant differences 
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from controls in the incidence of liver tumors, but the doses te were lower 
shown to be carcinogenic with other fibrates. à 1 

Male rats had a dose-related and statistically significant increase of benign Leydig cell 
tumors at 1 and 10 times the human dose. SEA 

Electron microscopy studies have demonstrated a florid hepatic peroxisome prolifera- 
tion following Lopid administration to the male rat. An adequate study to test for perox- 
isome proliferation has not been done in humans but changes in peroxisome pie 
morphology have been observed. Peroxisome proliferation has been shown to occurin 
humans with either of two other drugs of the fibrate class when liver biopsies were com- | 
pared before and after treatment in the same individual. Ry 

Administration of approximately three or ten times the human dose to male rats for 10 weeks 
resulted in a dose-related decrease of fertility. Subsequent studies demonstrated that this 
effect was reversed after a drug-free period of about eight weeks, and it was not transmit- 
ted to the offspring. 

5, Pregnancy Category B— Reproduction studies have been performed in the rat at 
doses 3 and 9 times the human dose, and in the rabbit at 2 and 67 times the human 
dose. These studies have revealed no evidence of impaired fertility in females or harm to 
the fetus due to Lopid. Minor fetotoxicity was manifested by reduced birth rates observed 
at the high dose levels. No significant malformations were found among almost 400 off- 
spring from 36 litters of rats and 100 fetuses from 22 litters of rabbits. p 

There are no studies in pregnant women. In view of the fact that Lopid is tumorigenic in 
male and female rats, the use of Lopid in pregnancy should be reserved for those pa- 
tients where the benefit clearly outweighs the possible risk to the patient or fetus. 

6. Nursing Mothers — Because of the potential for tumorigenicity shown for gem- 
fibrozil in rats, a decision should be made whether to discontinue nursing or discontinue 
the drug, taking into account the importance of the drug to the mother. 

7. Hematologic Changes — Mild hemoglobin, hematocrit and white blood cell 
decreases have been observed in occasional patients following initiation of Lopid 
therapy. However, these levels stabilize during long-term administration. Rarely, severe 
anemia, leukopenia, thrombocytopenia, and bone marrow hypoplasia have been 
reported. Therefore, periodic blood counts are recommended during the first 12 months 
of Lopid administration. 

8 Liver Function — Abnormal liver function tests have been observed occasionally 
during Lopid administration, including eleva- 
tions of AST (SGOT), ALT (SGPT), LDH, bili- 
rubin, and alkaline phosphatase. These are 
usually reversible when Lopid is discon- 
tinued. Therefore periodic liver function 
studies are recommended and Lopid therapy 
should be terminated if abnormalities persist. 

9. Use in Children — Safety and efficacy in 
children have not been established. 

ADVERSE REACTIONS. In the double-blind 
controlled phase of the Helsinki Heart Study, 
2046 patients received Lopid for up to 5 years. 
In that study, the following adverse reactions 
were statistically more frequent in subjects in 
the Lopid group (placebo incidence in paren- 
theses): gastrointestinal reactions, 34.2% 
(23.8%); dyspepsia, 19.6% (11 9%); abdominal pain, 9.8% (5.6%); acute appendicitis 
(histologically confirmed in most cases where data are available), 1.2% (0.6%); atrial 
fibrillation, 0.7% (0.1%). 

Adverse events reported by more than 1% of subjects, but without a significant differ- 
ence between groups (placebo incidence in parentheses) were: diarrhea, 7.2% (6.5%); 
fatigue, 3.8% (3.5%); nausea/vomiting, 2.5% (2.1%); eczema, 1.9% (1.2%); rash, 1.7% 
(1.3%); vertigo, 1.5% (1.3%); constipation, 1.4% (1.3%); headache, 1.2% (1.1%). 
Gallbladder surgery was performed in 0.9% of Lopid and 0.5% of placebo subjects, a 
64% excess, which is not statistically different trom the excess of gallbladder surgery 
observed in the clofibrate compared to the placebo group of the WHO study. 

Nervous system and special senses adverse reactions were more common in the 
Lopid group. These included hypesthesia, paresthesias, and taste perversion. Other 
adverse reactions that were more common among Lopid treatment group subjects but 
where a causal relationship was not established include cataracts, peripheral vascular 
disease, and intracerebral hemorrhage. 

From other studies it seems probable that Lopid is causally related to the occurrence 
of musculoskeletal symptoms (See WARNINGS), and to abnormal liver function 
tests and hematologic changes (See PRECAUTIONS). 

Reports of viral and bacterial infections (common cold, cough, urinary tract infections) were 
more common in gemfibrozil-treated patients in other controlled clinical trials of 805 patients. 

Additional adverse reactions that have been reported for gemfibrozil are listed below 
by system. These are categorized according to whether a causal relationship to treat- 
ment with Lopid is probable or not established: 

CAUSAL RELATIONSHIP PROBABLE: Gastrointestinal: cholestatic jaundice; Central 
Nervous System: dizziness, somnolence, paresthesia, peripheral neuritis, decreased 
libido, depression, headache; Eye: blurred vision; Genitourinary: impotence; 
Musculoskeletal: myopathy, myasthenia, myalgia, painful extremities, arthralgia, 

synovitis, rhabdomyolysis (see WARNINGS and Drug Interactions under PRECAU- 
TIONS); Clinical Laboratory: increased creatine phosphokinase, increased bilirubin, in- 
creased liver transaminases (AST [SGOT], ALT [SGPT}), increased alkaline phosphatase; 
Hematopoietic: anemia, leukopenia, bone marrow hypoplasia, eosinophilia; Im- 
munologic: angioedema, laryngeal edema, urticaria; Integumentary: exfoliative der- 
matitis, rash, dermatitis, pruritus. 

CAUSAL RELATIONSHIP NOT ESTABLISHED: General: weight loss; Cardiac: extrasys- 
toles; Gastrointestinal: pancreatitis, hepatoma, colitis; Central Nervous System: confu- 
sion, convulsions, syncope; Eye: retinal edema; Genitourinary: decreased male fertility; 
Clinical Laboratory: positive antinuclear antibody; Hematopoietic: thrombocytopenia; 
Immunologic: anaphylaxis, Lupus-like syndrome, vasculitis; Integumentary: alopecia. 
DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200 mg 
administered in two divided doses 30 minutes before the morning and evening meal. 
MANAGEMENT OF OVERDOSE. While there has been no reported case of over- 
dosage, symptomatic supportive measures should be taken should it occur. 
References: 1. Frick MH, Elo O, Haapa K, et al: Helsinki Heart Study: Primary preven- | 
tion trial with gemfibrozil in middle-aged men with dyslipidemia. N Engl J Med 
4987:317:1237-1245. 2. Manninen V, Elo O; Frick MH, et al: Lipid alterations and decline. 
in the incidence of coronary heart disease in the Helsinki Heart Study, JAMA 1988; | 
260:641-651. 3. Nikkila EA: Familial lipoprotein lipase deficiency and related disorders of 
chylomicron metabolism. In Stanbury J. B. et al. (eds.): The Metabolic Basis of Inherited 
Disease, 5th ed., McGraw-Hill, 1983, Chap 30, pp. 622-642. 
Caution — Federal law prohibits dispensing without prescription. 
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EOKA CARDIOVASCULAR SCANNER CAN 
IDE A CLOSER LOOK AT THE HEART. 





A lot can go wrong with the human cardiovascular 
ystem. 

That’s why you need the Aloka SSD-870 
’ardiovascular Sector Scanner. 

Used in conjunction with Aloka’s advanced 
ransesophageal probes, it raises diagnostic 
apability to a futuristic level while also greatly 
educing the need for risky catheterization. 

A 64-frame memory permits, among other things, 
imultaneous, side-by-side comparison of the 
eart’s long and short axes—in real time, slow 
1otion and frame-by-frame. 

Color Doppler, of course, provides an immediate 


isual understanding of blood flow. aa 
ind Aloka’s unique color coding a ae a 

ystem enhances abnormal flows F j 
o they are easier to pinpoint. 


Aloka is a leader in the development of 
transesophageal probes, including those which permit 
scanning of the aortic arch and monitoring of patients 
during surgery. 

For more information about the Aloka Cardiovascular Sector 
canner, please contact your Aloka distributor or Aloka’s head office at 
1e address at right. 








SSD-870 

@ Electronic phased array 1 
sector scanner 

è Outstanding image quality 
with full-range, real-time 2 


dynamic focusing and 
continuous dynamic 
frequency scanning 3 


@ Max. 60 fps color image 


scanning (NTSC) Transesophageal probes 
@ A single probe may be used 1, Pediatrics 

for B-mode, M-mode, 2. Single plane (flexible 

PW/CW Doppler and color in four directions) 

imaging 3. Bi-plane 


Aloka Co., Ltd., America Office 

10 Fairfield Blvd., Wallingford, CT 06492 
TEL: 1-800-USALOKA, TEL: 1-203-269-5088 
FAX: 1-203-269-6075 
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ALOKA CO., LTD. 

6-22-1 Mure, Mitaka-shi, Tokyo 181, Japan 
Telephone:(0422) 45-5111 

Facsimile:(0422) 45-4058 

Telex:02822-344 
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Now for heart rate control during atrial fibrillation and flutter 


3-MINUTE 
ONSET 





Please see brief summary of prescribing information on last page of this advertisement. 
Cardizem Injectable is indicated for temporary control of rapid ventricular rate during 
SIVAGB00/A6 120 atrial fibrillation and flutter; rarely converts to normal sinus rhythm. 0154B2 


24-HOUR 
CONTROL 





Should be used with continuous monitoring of ECG and blood pressure to avoid 
hypotension or bradycardia. Infusion rate/dose should be regulated accordingly. 
CIVAG800/A6 120 A defibrillator and emergency equipment should be readily available. 


For heart rate control during atrial fibrillation and flutter 


MAINTAINS 
HEART RATE CONTROL 
SAFELY 


FAST 





m 3-minute onset of action following bolus injection’ 
m 95% response rate within 2 to 7 minutes of administration 
æ |- to 3-hour duration of action with initial bolus 


SAFE 


m 4.3% incidence of asymptomatic hypotension '* 
m 3.2% incidence of symptomatic hypotension" 
m 3.9% incidence of injection site reaction’ 

m |.7% incidence of flushing" 

m Little negative inotropic effect" 


m Do not use in patients with WPW or short PR syndrome 


Other contraindications: sick sinus syndrome or second- or third-degree 
AV block, except with a functioning pacemaker; severe hypotension or shock; 
hypersensitivity; recent IV beta-blockers; ventricular tachycardia. 


CONTINUOUS CONTROL 


m Heart rate contro! through infusion for up to 24 hours”? 


Cardizem Injectable is indicated for temporary control of rapid ventricular 
rate during atrial fibrillation and flutter; rarely converts to normal sinus rhythm. 


“Occurs most often during or immediately following bolus injection. 
tCaution should be used in patients with congestive heart failure. 








Please see brief summary of prescribing information on next page. 0154B2 








CONVENIENT DOSAGE 


BOLUS: 0.25 mg/kg 
actual body weight 
over 2 minutes 


20 mg average patient 


BRIEF SUMMARY 


CARDIZEM? Injectable 

(diltiazem hydrochloride) 

INDICATIONS AND USAGE 

CARDIZEM Injectabie (diltiazem hydrochloride) is indicated for the 

following: 

1. Atrial Fibrillation or Atrial Flutter. Temporary control of rapid 
ventricular rate in-atrial fibrillation or atrial flutter. It should not be 
used in patients with atrial fibrillation or atrial flutter associated 
with an accessory bypass tract such as in Wolff-Parkinson-White 
(WPW) syndromevr short PR syndrome. 

2. Paroxysmal Supraventricular Tachycardia. Rapid conversion of 
paroxysmal supraventricular tachycardias (PSVT) to sinus rhythm. 
This includes AV nodal reentrant tachycardias and reciprocating 
tachycardias associated with an extranodal accessory pathway such 
as the WPW syndrome or short PR syndrome. Unless otherwise 
contraindicated, anpropriate vagal maneuvers should be attempted 
prior to administration of CARDIZEM Injectable. 

The use of CARDIZEM Injectable for control of ventricular response in 
patients with atrial fibrillation or atrial flutter or conversion to sinus 
rhythm in patients with PSVT should be undertaken with caution 
when the patient is compromised hemodynamically or is taking other 
drugs that decrease any or all of the following: peripheral resistance, 
myocardial filling, myocardial contractility, or electrical impulse 
propagation in the myocardium. 

For either indication and particularly when employing continuous 

intravenous infusion, the setting should include continuous 

monitoring of the ECG and frequent measurement of blood 
pressure. A defibrillator and emergency equipment should be 
readily available. 

In domestic controlied trials in patients with atrial fibrillation or atrial 

flutter, bolus admin:stration of CARDIZEM Injectable was effective in 

reducing heart rate by at least 20% in 95% of patients. CARDIZEM 

Injectable rarely converts atrial fibrillation or atrial flutter to normal 

sinus rhythm. Following administration of one or two intravenous 

bolus doses of CARDIZEM Injectable, response usually occurs within 

3 minutes and maximal heart rate reduction generally occurs in 2 to 7 

minutes. Heart rate reduction may last from 1 to 3 hours. If 

ena occurs it is generally short-lived, but may last from 1 to 
hours. 

A 24-hour continuous infusion of CARDIZEM Injectable in the 

treatment of atrial fibrillation or atrial flutter maintained at least a 20% 

heart rate reduction during the infusion in 83% of patients. Upon 

discontinuation of infusion, heart rate reduction may last from 0.5 

hours to more than 10 hours (median duration 7 hours) 

Hypotension, if it occurs, may be similarly persistent. 

In the controlled clinical trials, 3.2% of patients required some form 

of intervention (typically, use of intravenous fluids or the 

Trendelenburg pesition) for blood pressure support following 

CARDIZEM Injectable. 

In domestic controlled trials, bolus administration of CARDIZEM 

Injectable was effective in converting PSVT to normal sinus rhythm in 

88% of patients within 3 minutes of the first or second bolus dose. 

Symptoms associated with the arrhythmia were improved in 

conjunction with decreased heart rate or conversion to normal sinus 

rhythm following administration of CARDIZEM Injectable. 

CONTRAINDICATIONS 

CARDIZEM Injectable is contraindicated in: 

1. Patients with sick sinus syndrome except in the presence of a 
functioning ventricular pacemaker. 

2. Patients with second- or third-degree AV block except in the 

presence of a functioning ventricular pacemaker. 

. Patients with severe hypotension or cardiogenic shock. 

. Patients who have demonstrated hypersensitivity to the drug 

. Intravenous diltiazem and intravenous beta-blockers should not be 
administered tagether or in close proximity (within a few hours). 

6. Patients with arial fibrillation or atrial flutter associated with an 
accessory bypass tract such as in WPW syndrome or short PR 
syndrome. 

As with other agents which slow AV nodal conduction and do not 
prolong the refractoriness of the accessory pathway (eg, 
verapamil, digoxin), in rare instances patients in atrial fibrillation 


new 


BOLUS: 0.35 mg/kg 
actual body weight 
over 2 minutes 


25 mg average patient 


INFUSION: 
10* to 15 mg/hr 


*5 mg/hr may be appropriate 
starting infusion for some 
patients. 


or atrial flutter associated with an accessory bypass tract may 
experience a potentially life-threatening increase in heart rate 
accompanied dy hypotension when treated with CARDIZEM 
Injectable. As such, the initial use of CARDIZEM Injectable should 
be, if pose, in a setting where monitoring anc resuscitation 
capabilities, including DC cardioversion/defibrillation, are present 
(see OVERDOSAGE). Once familiarity of the patient's response is 
established, use in an office setting may be acceptable 

7. Patients with ventricular tachycardia. Administration of other 
calcium channel blockers to patients with wice complex 
tachycardia (QRS > 0.12 rt has resulted in hemodynamic 
deterioration and ventricular fibrillation. It is important that an 
accurate pretreatment diagnosis distinguish wide complex QRS 
tachycardia of supraventricular origin from that of ventricular 
origin prior to administration of CARDIZEM Injectable. 

WARNINGS 

1. Cardiac Conduction. Diltiazem prolongs AV nodal conduction and 
refractoriness that may rarely result in second- or third-degree AV 
block in sinus rhythm. Concomitant use of diltiazem with agents 
known to affect cardiac conduction may result in additive effects 
(see Drug Interactions). If high-degree AV block occurs in sinus 
rhythm, intravenous diltiazem should be discontinued and 
appropriate supportive measures instituted (see OVERDOSAGE). 

2. Congestive Heart Failure. Although diltiazem has a negative 
inotropic effect in isolated animal tissue preparations, 
hemodynamic studies in humans with normal ventricular function 
and in patients with a compromised myocardium, such as severe 
CHF, acute MI. and hypertrophic cardiomyopathy, have not shown 
a reduction in cardiac index nor consistent negative effects on 
contractility (dp/dt). Administration of oral diltiazem in patients 
with acute myocardial infarction and pulmonary congestion 
documented by x-ray on admission is contraindicated. Experience 
with the use of CARDIZEM Injectable in patients with impaired 
ventricular function is limited, Caution should be exercised when 
using the drug in such patients. 

3. Hypotension. Decreases in blood pressure associated with 
CARDIZEM Injectable therapy may occasionally result in 
symptomatic hypotension (3.2%). The use of intravenous 
diltiazem for contro! of ventricular response in patients with 
supraventricular arrhythmias should be undertaken with caution 
when the patient is compromised hempdynamt ay In addition, 
caution should be used in patients taking other drugs that 
decrease peripheral resistance, intravascular volume, myocardial 
contractility or conduction 

4. Acute Hepatic Injury. In rare instances, significant elevations in 
enzymes such as alkaline phosphatase, LDH, SGOT, SGPT, and 
other phenomena consistent with acute hepatic injury have been 
noted following oral diltiazem. Therefore, the potential for acute 
hepatic injury exists following administration of intravenous 
diltiazem. 

5. Ventricular Premature Beats (VPBs). VPBs may be present on 
conversion of PSVT to sinus rhythm with CARDIZEM Injectable. 
These VPBs are transient, are typically considered to be benign, 
and appear to have no clinical significance. Similar ventricular 
complexes have been noted during cardioversion, other 
pirmaa therapy, and during spontaneous conversion of 

SVT to sinus rhythm. 

PRECAUTIONS 
General. CARDIZEM (diltiazem hydrochloride) is extensively 
metabolized by the liver and excreted by the kidneys and in bile. The 
drug should be used with caution in patients with impaired renal or 
hepatic function (see WARNINGS). High intravenous dosages (4.5 
mg/kg tid) administered to dogs resulted in significant bradycardia 
and alterations in AV conduction. In subacute and chronic a and rat 
studies designed to produce toxicity, high oral doses of diltiazem 
were associated with hepate damage. In special subacute hepatic 
studies, oral doses of 125 mg/kg and higher in rats were associated 
with histologicalichanges in the liver, which were reversible when the 
drug was discontinued. In dogs, oral doses of 20 mg/kg were also 
associated with hepatic changes; however, these changes were 
reversible with continued dosing. 

Dermatologic events progressing to erythema multiforme and/or 

exfoliative dermatitis have been infrequently reported following oral 

diltiazem. Therefore, the potential for these dermatologic reactions 


exists following exposure to intravenous diltiazem. Should ; 
dermatologic reaction persist, the drug should be discontinued. 

Drug Interactions. Due to potential for additive effects, caution i 
warranted in patients receiving CARDIZEM Injectable concomitanth 
with any agentis) known to affect cardiac contractility and/or SA 0 
AV node conduction (see WARNINGS). 

As with all drugs, care should be exercised when treating patients wit 
multiple medications. CARDIZEM (diltiazem hydrochloride) undergoe 
extensive metabolism by the cytochrome P-450 mixed functio 
oxidase system. Although specific pharmacokinetic drug-dru 
interaction studies have not been conducted with single intravenou 
injection or constant rate intravenous infusion, coadministration ( 
CARDIZEM Injectable with other agents which primarily undergo th 
same route of diotransformation may result in competitive inhibitio 
of metabolism. 

Digitalis: Intravenous diltiazem has been administered to patient 
receiving either intravenous or oral digitalis therapy. The combinatio 
of the two drugs was well tolerated without serious adverse effect: 
However, since both drugs affect AV nodal conduction, patien! 
shouid be monitored for excessive slowing of the heart rate and/or A 
block. : 

Beta-blockers: Intravenous diltiazem has been administered | 
patients on chronic oral beta-blocker therapy. The combination of tt 
two drugs was generally well tolerated without serious advers 
effects. If intravenous diltiazem is administered to patients receivir 
chronic oral beta-blocker therapy, the possibility for bradycardia, A 
block, and/or depression of contractility should be considered (st 
CONTRAINDIGATIONS). Oral administration of diltiazem wil 
propranolol in five normal volunteers resulted in increase 
propranolol levels in all subjects and bioavailability of propranolol wi 
increased approximately 50%. In vitro, propranolol appears to t 
displaced from its binding sites by diltiazem. 

Anesthetics: The depression of cardiac contractility, conductivity, ar 
automaticity as well as the vascular dilation associated wi’ 
anesthetics may be potentiated by calcium channel blockers. Whi 
used concomitantly, anesthetics and calcium blockers should t 
titrated carefully. 

Carcinogenesis, Mutagenesis, Impairment of Fertility. A 24-mon 
study in rats at oral dosage levels of up to 100 mg/kg/day, and a 2 
month study in mice at oral dosage levels of up to 30 mg/kg/d 
showed no evidence of carcinogenicity. There was also no mutager 
response in vitro or in vivo in mammalian cell assays or in vitro 
bacteria. No evidence of impaired fertility was observed in a stu 
performed in male and temale rats at oral dosages of up to 1( 
mg/kg/day. 

Pregnancy. Category C. Reproduction studies have been conducted 
mice, rats, and rabbits. Administration of oral doses ranging from fi 
to ten times greater (on a mg/kg basis) than the daily recommend 
oral antianginal therapeutic dose has resulted in embryo and fe 
lethality. Thes2 doses, in some studies, have been reported to cau 
skeletal abnormalities. In the perinatal/postnatal studies there w 
some reduction in early individual pup weights and survival rate 
There was an increased incidence of stillbirths at doses of 20 tim 
the human oral antianginal dose or greater. 

There are no well-controlled studies in pregnant women; therefo 
use CARDIZEM in pregnant women only if the potential bene 
justifies the patential risk to the fetus. 

Nursing Mothers. Diltiazem is excreted in human milk. One rep 
with oral diltiazem suggests that concentrations in breast milk m 
approximate serum levels. If use of CARDIZEM is deemed essent 
an alternative method of infant feeding should be instituted. 
Pediatric Use. Safety and effectiveness in children have not be 
established. 

ADVERSE REACTIONS 

The following adverse reaction rates are based on the use 
CARDIZEM Injectable in over 400 domestic clinical trial patients 
atrial fibrillation/flutter or PSVT under double-blind or open-la 
conditions. Worldwide experience in over 1,300 patients was simila 
Adverse events reported in controlled and uncontrolled clinical tri 
were generally mild and transient, Hypotension was the mi 
commonly reported adverse event during clinical trials. Asymptom 
hypotension occurred in 4.3% of patients. Symptomatic hypotens 
occurred in 3.2% of patients. When treatment for hypotension v 
required, it generally consisted of administration of saline or plac 
the patient in the Trendelenburg position. Other events reported it 
least 1% of the diltiazem-treated patients were injection site reactii 
(eg, itching, burning)—3.9%, vasodilation pushing LT; i 
arrhythmia (junctional rhythm or isorhythmic dissociation)—1.0% 
In addition. the following events were reported infrequer 


(less than 1%): 

Cardiovascular; Atrial flutter, AV block first degree, AV bli 
second degree, bradycardia, chest pé 
congestive heart failure, sinus pause, sinus n 
dysfunction, syncope, ventricular arrhythn 
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Importance of a Patent Infarct-Related Artery for Hospital and 
Late Survival After Direct Coronary Angioplasty for Acute 
Myocardial Infarction 

Bruce R. Brodie, Thomas D. Stuckey, Charles J. Hansen, Terry R. 
Cooper, Richard A. Weintraub, E. Joseph LeBauer, Jeffrey D. Katz, and 
Thomas A. Kelly 


The importance of a patent infarct-related artery (IRA) on hospital and 
late survival was examined in 383 patients with acute myocardial infarc- 
tion treated with direct coronary angioplasty. Patency of the IRA was the 
most important determinant of hospital survival, and left ventricular (LV) 
function (measured after recovery) was the most important determinant 
of late cardiac survival. Patency was not a predictor of late cardiac survival 
in the group of hospital survivors as a whole, but was important for late 
survival in patients with depressed initial LV function. Patients with 
patent arteries had substantial recovery of LV function, whereas patients 
with occluded arteries did not. When late cardiac survival was adjusted for 
differences in recovered LV function, patency was no longer a predictor of 
late cardiac survival in the subgroup of patients with depressed initial LV 
function. Our results indicate that patency of the IRA is important for 
hospital survival and for preservation of LV function, but is not an inde- 
pendent determinant of late cardiac survival. 
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Evaluation of a Prolonged Infusion of Recombinant Tissue- 
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Myocardial Infarction 

John Kalbfleisch, Udho Thadani, Judith K. LittleJohn, Greg Brown, 
Raymond Magorien, Michael Kutcher, George Taylor, William T. Maddox, 
W. Barton Campbell, James Perry, Jr., James F. Spann, George 
Vetrovec, Richard Kent, and Paul W. Armstrong 





The hypothesis that an infusion of recombinant tissue-type plasminogen 
activator (rt-PA) maintained for up to 24 hours could prevent reocclusion 
after early coronary patency had been established was evaluated in acute 
myocardial infarction. Coronary patency was documented in 139 of 213 
patients who had a 90-minute angiogram recorded after an initial lytic 
dose of rt-PA (Duteplase®, Burroughs Wellcome Co.) administered ac- 
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cording to body weight. Patients (16.5%) had reocclusion after repeat 
angiography 9 to 21 hours after a maintenance infusion of rt-PA contin- 
ued for 9 to 21 hours. No significant relationship was evident between the 
maintenance dose rate and incidence of reocclusion, but a strong associa- 
tion was seen between total dose of rt-PA and the incidence (16%) of 
serious or life-threatening bleeding. Repeat thrombosis after establish- 
ment of early patency after rt-PA remains a significant problem and is 
unaffected by sustained rt-PA infusion in doses that can be tolerated. 
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Differential Long-Term Impact of In-Hospital Symptoms of 
Psychological Stress After Non-Q-Wave and Q-Wave Acute 
Myocardial Infarction 

Nancy Frasure-Smith, François Lespérance, and Martin Juneau 


It was hypothesized that patients with non-Q-wave acute myocardial 
infarction (AMI) are more vulnerable to the effects of psychological stress 
than are Q-wave patients and thus would be more likely to benefit from 
stress relief. A standardized index of psychological stress symptoms was 
administered to 461 men hospitalized for AMI. After discharge they took 
part in a 1-year randomized clinical trial of psychological stress monitor- 
ing and intervention. Among patients with non-Q-wave AMI receiving 
usual care, a high level of stress symptoms in hospital was associated with 
a more than fivefold increase in the relative risk of cardiac mortality over 
the first year after infarct (p = 0.01). Patients with Q-wave AMI in the 
control group had no stress-related increase in risk. In the treatment 
group, high stress had no impact on cardiac mortality regardless of the 
type of AMI. In conclusion, the prognostic impact of psychological stress 
is more apparent among patients with non-Q-wave than Q-wave AMI, 
and stress-relieving interventions may be of particular importance for 
them. 


1135 
Prognosis of Acute Myocardial Infarction Complicated by 
Complete Heart Block (the Worcester Heart Attack Study) 
Robert J. Goldberg, Juan C. Zevallos, Jorge Yarzebski, Joseph S. Alpert, 
Joel M. Gore, Zuoyao Chen, and James E. Dalen 





As part of a community-based study of patients hospitalized with acute 
myocardial infarction (AMI), changes over time in the incidence and 
survival rates of complete heart block (CHB) complicating AMI and of its 
prognostic impact were examined. The incidence rates of CHB remained 
relatively stable at 5.8% over the time period (1975 to 1988) studied. The 
incidence rates of CHB were approximately twice as high in AMI patients 
with inferior /posterior as in those with anterior wall AMI. Patients with 
AMI developing CHB had higher in-hospital fatality rates than did those 
without CHB. The in-hospital survival associated with CHB did not 
improve over time. Long-term survival rates for up to a 14-year follow-up 
period for discharged surviving patients were not significantly different for 
AMI patients with compared with those without CHB. 


Continued on page A21 
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Reduced the incidence of heart attack* 71% 


—in a high-risk subgroup of Helsinki Heart Study (HHS) patients with a triad of lipid disorders: 
coexisting low HDL, high triglycerides, and high LDL. While the overall reduction 
in heart attack in the HHS was 34%, the greatest reduction was achieved among these 
LOPID patients with baseline triglycerides > 200 mg/dL and baseline LDL/HDL ratio >5 (n = 154).+1 
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Lopid® (Gemfibrozil Capsules.and Tablets) 
Before prescribing, please see full prescribing information. 

A Brief Summary follows. 
CONTRAINDICATIONS. 1. Hepatic or severe renal dysfunction, including primary 
biliary cirrhosis. 

2. Preexisting gallbladder disease (See WARNINGS). 

3. Hypersensitivity to gemfibrozil. 

WARNINGS. 1. Because of chemical, pharmacological, and clinical similarities be- 
tween gemfibrozil and clofibrate, the adverse findings with clofibrate in two large clinical 
studies may also apply to gemfibrozil. In the first of those studies, the Coronary Drug 
Project, 1000 subjects with previous myocardial infarction were treated for five years 
with clofibrate. There was no difference in mortality between the clofibrate-treated sub- 
jects and 3000 placebo-treated subjects, but twice as many clofibrate-treated subjects 
developed cholelithiasis and cholecystitis requiring surgery. In the other study, con- 
ducted by the World Health Organization (WHO), 5000 subjects without known cor- 
onary heart disease were treated with clofibrate for five years and followed one year 
beyond. There was a statistically significant, 29%, higher total mortality in the clofibrate- 
treated than in a comparableplacebo-treated control group. The excess mortality was 
due to a 33% increase in noncardiovascular causes, including malignancy, post- 
cholecystectomy complications, and pancreatitis. The higher risk of clofibrate-treatec 
subjects for gallbladder disease was confirmed. 

During the Helsinki Heart Study and in the 1¥2 year follow-up period since the trial 
was completed, mortality from any cause was 59 (2.9%) in the Lopid group and 55 
(2.7%) inthe placebo group. Mortality from any cause during the double-blind portion 
of the study was 44 deaths in the Lopid group and 43 in the placebo group. Because of 
the more limited size of the Helsinki Heart Study, this result is not statistically- 
significantly different from the 29% excess mortality seen in the clofibrate group in the 
separate WHO study. Nonccronary heart disease related mortality showed a 58% 
greater trend in the Lopid group (43 vs 27 patients in the placebo group, p=0.056). 

In the Helsinki Heart Study. the incidence of total malignancies discovered duringithe 
trial and in the 1/2 years since the trial was completed was 39 in the Lopid group and 29 
in the placebo group (difference not statistically significant). This includes 5 basal cell 
carcinomas in the Lopid group and none in the placebo group (p=0.06; historical data 
predicted an expected 4.7 cases in the placebo group). GI malignancies and deaths 
from malignancies were not statistically 
different between Lopid and placebo sub- 
groups. Follow-up of the Helsinki Heart 
Study participants will provide further infor- 
mation on cause-specific mortality and 
cancer morbidity. 

2. A gallstone prevalence-substudy of 450 
Helsinki Heart Study participants showed a 
trend toward a greater prevalence of gall- 
stones during the study within the Lopid 
treatment group (7.5% vs 4.2% for the place- 
bo group, a 55% excess for the gemfibrozil 
group). A trend toward a greater incidence 
of gallbladder surgery was observed for the 
Lopid group (17 vs 11 subjects, a 54% ex- 
cess). This result did not differ statistically 
from the increased incidence of cholecystectomy observed in the WHO study in the 
group treated with clofibrate. Both clofibrate and gemfibrozil may increase cholesterol 
excretion into the bile leading to cholelithiasis. If cholelithiasis is suspected, gallbladder 
studies are indicated. Lopid therapy should be discontinued if gallstones are found 

3. Since a reduction of mortality from coronary artery disease has not been 
demonstrated and because liver and interstitial cell testicular tumors were increased in 
rats, Lopid should be administered only to those patients described in the INDICATIONS 
AND USAGE section. If a significant serum lipid response is not obtained, Lopid should 
be discontinued. 

4. Concomitant Anticoagulants — Caution should be exercised when anticoagulants 
are given in conjunction with Lopid. The dosage of the anticoagulant should be reduced 
to maintain the prothrombin time at the desired level to prevent bleeding complications. 
Frequent prothrombin determinations are advisable until it has been definitely determined 
that the prothrombin level has stabilized. 

5, Concomitant therapy with Lopid and Mevacor® (lovastatin) has been associated with 
rhabdomyolysis, markedly elevated creatine kinase (CK) levels and myoglobinuria, 
leading in a high proportion of cases to acute renal failure. In most subjects who have 
had an unsatisfactory lipid response to either drug alone, the possible benefit of combined 
therapy with lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, 
rhabdomyolysis, and acute renal failure (See Drug Interactions). The use of fibrates 
alone, including Lopid, may occasionally be associated with myositis. Patients receiving 
Lopid and complaining of muscle pain, tenderness, or weakness should have prompt 
medical evaluation for myositis, including serum creatine kinase level determination. if 
myositis is suspected or diagnosed, Lopid therapy should be withdrawn. 

6. Cataracts — Subcapsular bilateral cataracts occurred in 10%, and unilateral in 63% 
of male rats treated with gemfibrozil at 10 times the human dose. 

PRECAUTIONS. 1. Initial Therapy — Laboratory studies should be done to ascertain 
that the lipid levels are consistently abnormal. Before instituting Lopid therapy, every at- 
tempt should be made to control serum lipids with appropriate diet, exercise, weight loss 
in obese patients, and control of any medical problems such as diabetes mellitus and 
hypothyroidism that are contributing to the lipid abnormalities. 

2. Continued Therapy — Periodic determination of serum lipids should be obtained, 
and the drug withdrawn ff lipid response is inadequate after 3 months of therapy. 

3. Drug Interactions — (A) Lovastatin: Rhabdomyolysis has occurred with combined 
gemfibrozil and lovastatin therapy. It may be seen as early as 3 weeks after initiation of 
combined therapy or after several months. In most subjects who have had an unsatisfac- 
tory lipid response to either drug alone, the possible benefit of combined therapy with 
lovastatin and gemfibrozil dees not outweigh the risks of severe myopathy, rhab- 
domyolysis, and acute renal failure. There is no assurance that periodic monitoring of 
creatine kinase will prevent the occurrence of severe myopathy and kidney damage. 

(B) Anticoagulants: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 
LANTS ARE GIVEN IN CONJUNCTION WITH LOPID. THE DOSAGE OF THE ANTI- 
COAGULANT SHOULD BE REDUCED TO MAINTAIN THE PROTHROMBIN TIME AT 
THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT 
PROTHROMBIN DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN 
DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL HAS STABILIZED. 

4. Carcinogenesis, Mutagenesis, Impairment of Fertility — Long-term studies 
have been conducted in rats and mice at one and ten times the human dose. The inci- 
dence of benign liver nedules and liver carcinomas was significantly increased in high 
dose male rats. The incidence of liver carcinomas increased also in low dose males, 
but this increase was net statistically significant (p=0.1). In high dose female rats. there 
was a significant increase in the combined incidence of benign, and malignant liver 
neoplasms. In male and female mice, there were no statistically significant differences 
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from controls in the incidence of liver tumors, but the doses 
shown to be carcinogenic with other fibrates. 

Male rats had a dose-related and statistically significant increase of benign Leydig cell 
tumors at 1 and 10 times the human dose. 1 

Electron microscopy studies have demonstrated a florid hepatic peroxisome prolifera- 
tion following Lopid administration to the male rat. An adequate study to test for perox- 
isome proliferation has not been done in humans but changes in peroxisome 
morphology have been observed. Peroxisome proliferation has been shown to occur in 
humans with either of two other drugs of the fibrate class when liver biopsies were com- 
pared before and after treatment in the same individual. 

Administration of approximately three or ten times the human dose to male rats for 10 weeks 
resulted in a dose-related decrease of fertility. Subsequent studies demonstrated that this 
effect was reversed after a drug-free period of about eight weeks, and it was not transmit- 
ted to the offspring. 

5. Pregnancy Category B— Reproduction studies have been performed in the rat at 
doses 3 and 9 times the human dose, and in the rabbit at 2 and 6.7 times the human 
dose. These studies have revealed no evidence of impaired fertility in females or harm to 
the fetus due to Lopid. Minor fetotoxicity was manifested by reduced birth rates observed 
at the high dose levels. No significant malformations were found among almost 400 off- 
spring from 36 litters of rats and 100 fetuses from 22 litters of rabbits. 

There are no studies in pregnant women. In view of the fact that Lopid is tumorigenic in 
male and female rats, the use of Lopid in pregnancy should be reserved for those pa- 
tients where the benefit clearly outweighs the possible risk to the patient or fetus. 

6. Nursing Mothers — Because of the potential for tumorigenicity shown for gem- 
fibrozil in rats, a decision should be made whether to discontinue nursing or discontinue 
the drug, taking into account the importance of the drug to the mother. 

7. Hematologic Changes — Mild hemoglobin, hematocrit and white blood cell 
decreases have been observed in occasional patients following initiation of Lopid 
therapy. However, these levals stabilize during long-term administration. Rarely, severe 
anemia, leukopenia, thrombocytopenia, and bone marrow hypoplasia have been 
reported. Therefore, periodic blood counts are recommended during the first 12 months 
of Lopid administration. 

8. Liver Function — Abnormal liver function tests have been observed occasionally 
during Lopid administration, including eleva- 
tions of AST (SGOT), ALT (SGPT), LDH, bili- 
rubin, and alkaline phosphatase. These are 
usually reversible when Lopid is discon- 
tinued, Therefore periodic liver function 
studies are recommended and Lopid therapy 
should be terminated if abnormalities persist. 

9. Use in Children — Safety and efficacy in 
children have not been established. 
ADVERSE REACTIONS. In the double-blind 
controlled phase of the Helsinki Heart Study, 
2046 patients received Lopid for up to 5 years. 
In that study, the following adverse reactions 
were statistically more frequent in subjects in 
the Lopid group (placebo incidence in paren- 
theses): gastrointestinal reactions, 34.2% 
(23.8%); dyspepsia, 19.6% (11.9%); abdominal pain, 9.8% (5.6%); acute appendicitis 
(histologically confirmed in most cases where data are available), 1.2% (0.6%); atrial 
fibrillation, 0.7% (0.1%). 

Adverse events reported by more than 1% of subjects, but without a significant differ- 
ence between groups (placebo incidence in parentheses) were: diarrhea, 7.2% (6.5%); 
fatigue, 38% (3.5%); nausea/vomiting, 2.5% (2.1%); eczema, 1.9% (1.2%); rash, 1.7% 
(1.3%); vertigo, 1.5% (1.3%); constipation, 1.4% (1.3%); headache, 1.2% (1.1%). 
Gallbladder surgery was performed in 0.9% of Lopid and 0.5% of placebo subjects, a 
64% excess, which is not statistically different from the excess of gallbladder surgery 
observed in the clofibrate compared to the placebo group of the WHỌ study. 

Nervous system and special senses adverse reactions were more common inthe 
Lopid group. These included hypesthesia, paresthesias, and taste perversion. Other 
adverse reactions that were more common among Lopid treatment group subjects but 
where a causal relationship was not established include cataracts, peripheral vascular 
disease, and intracerebral hemorrhage. 

From other studies it seems probable that Lopid is causally related to the occurrence 
of musculoskeletal symptoms (See WARNINGS), and to abnormal liver function 
tests and hematologic changes (See PRECAUTIONS). 

Reports of viral and bacterial infections (common cold, cough, urinary tract infections) were 
more common in gemfibrozil-treated patients in other controlled clinical trials of 805 patients. 
Additional adverse reactions that have been reported for gemfibrozil are listed below 

by system. These are categorized according to whether a causal relationship to treat- 
ment with Lopid is probable or not established: 

CAUSAL RELATIONSHIP PROBABLE: Gastrointestinal: cholestatic jaundice; Central 
Nervous System: dizziness, somnolence, paresthesia, peripheral neuritis, decreased 
libido, depression, headache; Eye: blurred vision; Genitourinary: impotence; 
Musculoskeletal: myopathy, myasthenia, myalgia, painful extremities, arthralgia, 
synovitis, rhabdomyolysis (see WARNINGS and Drug Interactions under PRECAU- 
TIONS); Clinical Laboratory: increased creatine phosphokinase, increased bilirubin, in- 
creased liver transaminases (AST [SGOT], ALT [SGPT]), increased alkaline phosphatase; 
Hematopoietic: anemia, leukopenia, bone marrow hypoplasia, eosinophilia; /m- 
munologic: angioedema, laryngeal edema, urticaria; Integumentary: exfoliative der- 
matitis, rash, dermatitis, pruritus. 

CAUSAL RELATIONSHIP NOT ESTABLISHED: General: weight loss; Cardiac: extrasys- 
toles; Gastrointestinal: pancreatitis, hepatoma, colitis; Central Nervous System: confu- 
sion, convulsions, syncope; Eye: retinal edema; Genitourinary: decreased male fertility; 
Clinical Laboratory: positive antinuclear antibody, Hematopoietic: thrombocytopenia; 
Immunologic: anaphylaxis, Lupus-like syndrome, vasculitis; Integumentary: alopecia. 
DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200 mg 
administered in two divided doses 30 minutes before the morning and evening meal. 
MANAGEMENT OF OVERDOSE. While there has been no reported case of over- 
dosage, symptomatic supportive measures should be taken should it occur. 
References: 1. Frick MH, Elo O, Haapa K, et al; Helsinki Heart Study: Primary preven- 
tion trial with gemfibrozil in middle-aged men with dyslipidemia. N Engl J Med 
4987:317:1237-1245. 2. Manninen V, Elo O, Frick MH, et al: Lipid alterations and decline 
in the incidence of coronary heart disease in the Helsinki Heart Study. JAMA 1988; 
260:641-651. 3. Nikkila EA: Familial lipoprotein lipase deficiency and related disorders of 
chylomicron metabolism. In Stanbury J. B. et al. (eds.); The Metabolic Basis of Inherited 
Disease, 5th ed., McGraw-Hill, 1983, Chap. 30, pp. 622-642. 

Caution — Federal law prohibits dispensing without prescription. 
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BRIEF SUMMARY 


CARDIZEM® CD (diltiazem hydrochloride) Capsules 

CARDIZEM® SR (diltiazem hydrochloride) Sustained Release Capsules 
CONTRAINDICATIONS 

CARDIZEM is contraindicated in (1) patients with sick sinus syndrome except in 
the presence of a functioning ventricular pacemaker, (2) patients with 
second- or third-degree AV block except in the presence of a functioning 
ventricular pacemaker, (3) patients with hypotension (less than 90 mm Hg 
systolic), (4) patients who have demonstrated hypersensitivity to the drug, 
and (5) patients with acute myocardial infarction and pulmonary congestion 
documented by X-ray on admission. 

WARNINGS 

1. Cardiac Conduction. CARDIZEM proiongs AV node refractory periods 
without significantly prolonging sinus node recovery time, except in patients 
with sick sinus syndrome. This effect may rarely result in abnormally slow heart 
fates (particularly in patients with sick sinus syndrome) or second- or third- 
degree AV block (13 of 3,007 patients or 0.43%). Concomitant us” of 
diltiazem with beta-blockers or digitalis may result in additive effects on 
cardiac conduction. A patient with Prinzmetal's angina developed periods of 
asystole (2 to 5 seconds) after a single dose of 60 mg of diltiazem. 

2. Congestive Heart Failure. Although diltiazem has a negative inotropic effect 
in isolated animal tissue preparations, hemodynamic stucies in humans with 
normal ventricular function have not shown a reduction in cardiac index nor 
consistent negative effects on contractility (dp/dt). An acute study of oral 
diltiazem in patients with impairec ventricular function (ejection fraction 24% 
+ 6%) showed improvement ir indices of ventricular function without 
significant decrease in contractile function (dp/dt). Worsening of congestive 
heart failure has been reported in patients with preexisting impairment of 
ventricular function. Experience with the use of CARDIZEM in combination 
with beta-blockers in patients with impaired ventricular function is limited. 
Caution should be exercised when using this combination 

3. Hypotension. Decreases in blood pressure associated with CARDIZEM 
therapy may occasionally result in symptomatic hypotension. 

4. Acute Hepatic Injury. Mild elevations of transaminases with and without 
concomitant elevation in alkaline phosphatase and bilirubin have been 
observed in clinical studies. Such elevations were usually transient and 
frequently resolved even with continued diltiazem treatment. In rare 
instances, significant elevations in enzymes such as alkaline phosphatase, LDH, 
SGOT, SGPT, and other phenomena consistent with acute hepatic injury have 
been noted. These reactions tended to occur early after therapy initiation (1 
to 8 weeks) and have been reversible upon discontinuation of drug therapy. 
The relationship to CARDIZEM is uncertain in some cases, but probable in 
some. (See PRECAUTIONS.) 

PRECAUTIONS 

General. CARDIZEM is extensively metabolized by the liver and excreted by 
the kidneys and in bile. As with any drug given over prolonged periods, 
laboratory parameters should be monitored at regular intervals. The drug 
should be used with caution n patients with impaired renal or hepatic 
function. In subacute and chronic dog and rat studies designed to produce 
toxicity, high doses of diltiazem were associated with hepatic damage. In 
special subacute hepatic studies, oral doses of 125 mg/kg and higher in rats 
were associated with histological changes in the liver which were reversible 
when the drug was discontinued. In dogs, doses of 20 mg/kg were also 
associated with hepatic changes; however, these changes were reversible 
with continued dosing, 

Dermatological events (see ADVERSE REACTIONS section) may be transient and 
may disappear despite continued use of CARDIZEM, However, skin eruptions 
progressing to erythema multiforme and/or exfoliative dermatitis have also 
been infrequently reported. Should a dermatologic reaction persist, the drug 
should be discontinued 

Drug Interaction. Due to the potential for additive effects, caution and careful 
titration are warranted in patients receiving CARDIZEM concomitantly with any 
agents known to affect carciac contractility and/or conduction (See 
WARNINGS.) Pharmacologic studies indicate that there may be additive effects 
in prolonging AV conduction when using beta-blockers or digitalis 
concomitantly with CARDIZEM. (See WARNINGS.) 

As with all drugs, care snould be exercised when treating patients with 
multiple medications. CARDIZEM undergoes biotransformation by cytochrome 
P-450 mixed function oxidase. Coadministration of CARDIZEM with other 
agents which follow the same route of biotransformation may result in the 
competitive inhibition of metadolism. Dosages of similarly metabolized drugs 
such as cyclosporin, particularly those of low therapeutic ratio or in patients 
with renal and/or hepatic impairment, may require adjustment when starting 
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(diltiazem HCl) 


Switch from Cardizem® SR on a total mg/day basis 


For new patients starting on Cardizem? CD: 
e Start with one 180-mg capsule daily 


® Monitor for 2 weeks; if optimal response is not met 
® Titrate to goal blood pressure 


or stopping concomitantiy administered CARDIZEM to maintain optimum 
therapeutic blood levels. 

Beta-blockers: Controlled and uncontrolled domestic studies suggest that 
concomitant use of CARDIZEM and beta-blockers is usually well tolerated, but 
available data are not sufficient to predict the effects of concomitant 
treatment in patients withileft ventricular dysfunction or cardiac conduction 
abnormalities 

Administration of CARDIZEM (diltiazem hydrochloride) concomitantly with 
propranolo! in five normal.volunteers resulted in increased propranolol levels 
in all subjects and bioavailability of propranolol was increased approximately 
50%. If combination therapy is initiated or withdrawn in conjunction with 
propranolol, an adjustment in the propranolol dose may be warranted, (See 
WARNINGS ) 

Cimetidine: A study in six healthy volunteers has shown a significant increase 
in peak diltiazem plasma levels (58%) and area-under-the-curve (53%) after a 
1-week course of cimetidine at 1,200 mg per day and diltiazem 60 mg per 
day. Ranitidine produced smaller, nonsignificant increases. The effect may be 
mediated by cimetidine’s known inhibition of hepatic cytochrome P-450, the 
enzyme system probably responsible for the first-pass metabolism of 
diltiazem. Patients currently receiving diltiazem therapy should be carefully 
monitored for a change in pharmacological effect when initiating and 
discontinuing therapy with cimetidine. An adjustment in the diltiazem dose 
may be warranted. 

Digitalis: Administration of CARDIZEM with digoxin in 24 healthy male subjects 
increased plasma digoxin concentrations approximately 20%. Another 
investigator found no increase in digoxin levels in 12 patients with coronary 
artery disease. Since there have been conflicting results regarding the effect of 
digoxin levels, it is recommended that digoxin levels be monitored when 
initiating, adjusting, and discontinuing CARDIZEM therapy to evoid possible 
over- or under-digitalization. (See WARNINGS. ) 

Anesthetics: The depression of cardiac contractility, conductivity, and 
automaticity as well as the vascular dilation associated with anesthetics may 
be potentiated by calcium channel blockers. When used concomitantly, 
anesthetics and calcium Blockers should be titrated carefully. 

Carcinogenesis, Mutagenesis, Impairment of Fertility. A 24-month study in 
rats at oral dosage levels of up to 100 mg/kg/day, and a 21-month study in 
mice at oral dosage levels of up to 30 mg/kg/day showed no evidence of 
carcinogenicity. There was also no mutagenic response in vitro or in vivo in 
mammalian cell assays or in vitro in bacteria. No evidence of impaired fertility 
was observed in a study performed in male and female rats at oral dosages of 
up to 100 mg/kg/day. 

Pregnancy. Category C. Reproduction studies have been conducted in mice, 
rats, and rabbits. Administration of doses ranging from five to ten times greater 
(on a mgkg basis) than the daily recommended therapeutic dose has resulted 
in embryo and fetal lethality. These doses, in some studies, have been 
reported to cause skeletal abnormalities. In the perinatal/postnatal studies, 
there was an increased incidence of stillbirths at doses of 20 times the human 
dose or greater. 

There are no well-controlled studies in pregnant women; therefore, use 
CARDIZEM in pregnant women only if the potential benefit justifies the 
potential risk to the fetus. 

Nursing Mothers. Diltiazem is excreted in human milk. One report suggests 
that concentrations in breast milk may approximate serum levels. If use of 
CARDIZEM is deemed essential, an alternative method of infant feeding should 
be instituted 

Pediatric Use. Safety and effectiveness in children have not been established 
ADVERSE REACTIONS 

Serious adverse reactions have been rare in studies carried out to date, but it 
should be recognized that patients with impaired ventricular function and 
cardiac conduction abnormalities have usually been excluded from these 
studies. 

The adverse events described below represent events observed in clinical 
studies of hypertensive patients receiving either CARDIZEM Tablets or 
CARDIZEM SR Capsules-as well as experiences observed in studies of angina 
and during marketing. The most common events in hypertension studies are 
shown in a table witherates in placebo patients shown for comparison. Less 
common events are listed by body system; these include any adverse 
reactions seen in angina studies that were not observed in hypertension 
studies. In all hypertemsive patients taking CARDIZEM Tablets or CARDIZEM SR 
Capsules studied (over 900), the most common adverse events were edema 
(9%), headache (8%); dizziness (6%), asthenia (5% ), sinus bradycardia (3% ), 
flushing (3%), and first-degree AV block (3%). Only edema and perhaps 
bradycardia and dizzimess were dose related. 
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DOUBLE BLIND PLACEBO CONTROLLED HYPERTENSION TRIALS 
ADVERSE 








Headache 38 (12%) 


AV Block First Degree 24 (7.6%) 4 (1.9%) 
Dizziness 22 (7%) 6 (2.8%) 
Edema 19 (6%) 2 (0.9%) 
Bradycardia 19 (6%) 3 (1.4%) 
ECG Abnormality 13 (4.1%) 3 (1.4%) 
Asthenia 10 (3.2%) 1 (0.5%) 
Constipation 5 (1.6%) 2 (0.9%) 
Dyspepsia 4 (1.3%) 1 (0.5%) 
Nausea 4 (1.3%) 2 (0.9%) 
Palpitations 4 (1.3%) 2 (0.9%) 
Polyuria 4 (1.3%) 2 (0.9%) 
Somnolence 4 (1.3%) = 

Alk Phos Increase 3 (1%) 1 (0.5%) 
Hypotension 3 (1%) 1 (0.5%) 
Insomnia 3 (1%) 1 (0.5%) 
Rash 3 (1%) 1 (0.5%) 
AV Block Second Degree 2 (0.6%) = 





The following table presents the most common adverse reactions reported in 
placebo-contralled trials in patients receiving CARDIZEM CD up to 360 mg with! 
rates in placebo patients shown for comparison. 





ADVERSE REACTION CARDIZEM CD PLACEBO 
N=324 N=175 
HEADACHE 9.0% 8.0% 
BRADYCARDIA 4.3% 2.3% 
EDEMA 3.7% 2.3% 
DIZZINESS 3.1% 3.4% 
ECG ABNORMALITY 3.1% 2.9% 
AV BLOCK FIRST DEGREE 2.9% = 
ASTHENIA 1.9% 1.7% 





In clinical trials of CARDIZEM CD Capsules, CARDIZEM Tablets, and CARDIZEM SR 

Capsules involving over 3000 patients, the most common events (ie, greater 

than 1%) were edema (4.9%), headache (4.9%), dizziness (3.5%), asthenia 

(2.7%), first-degree AV block (2.9%), bradycardia (1.6%), flushing (1.5%), 

nausea (1.4%), rash (1.3%), and dyspepsia (1.2% ) 

In addition, the following events were reported infrequently (less than 1%). 

Cardiovascular: Angina, arrhythmia, AV block (second: or third-degree), bundle 
branch block, congestive heart failure, ECG abnormalities, hypotension, 
palpitations, syncope, tachycardia, ventricular extrasystoles. 

Nervous System: Abnormal dreams, amnesia, depression, gait abnormality, 
hallucinations, insomnia, nervousness, paresthesia, personality change, | 
somnolence, tinnitus, tremor 

Gastrointestinal: Anorexia, constipation, diarrhea, dry mouth, dysgeusia, mild 
elevations of SGOT, SGPT, LDH, and alkaline phosphatase (see hepatic 
wamings), thirst, vomiting, weight increase. 

Dermatological: Petechiae, photosensitivity, pruritus, urticaria 

Other: Amblyopia, CPK increase, dyspnea, epistaxis, eye irritation, 
hyperglycemia, hyperuricemia, impotence, muscle cramps, nasal 
congestion, nocturia, osteoarticular pain, polyuria, sexual difficulties, 

The following postmarketing events have been reported infrequently in 
patients receiving CARDIZEM: alopecia, erythema multiforme, exfoliative 
dermatitis, extrapyramidal symptoms, gingival hyperplasia, hemolytic anemia, 
increased bleeding time, leukopenia, purpura, retinopathy, and 
thrombocytopenia In addition, events such as myocardial infarction have 
been observed which are not readily distinguishable from the natural history 
of the disease in these patients. A number of well-documented cases of 
generalized rash, characterized as leukocytoclastic vasculitis, have been 
reported. However, a definitive cause and effect relationship between these 
events and CARDIZEM therapy is yet to be established: 


HOW SUPPLIED 


CARDIZEM® CD (diltiazem hydrochloride) is available as capsules of 180 mg, 240 
mg, and 300 mg in bottles of 30 and 90, and in UDIP® packages of 100 


CARDIZEM® SR (diltiazem hydrochloride) is available as sustained release capsules 
of 60 mg, 90 mg, and 120 mg in bottles of 100, and in UDIP® packages of 100 


Product Information as of October 1991 
References: 1. Dats on fe 


ML, etal JAMA 1989:961(99 





Dow Inc. 2. Cramer JA, Mattson RH, 
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EEE rA SARS SRA ea atl nT L 
Effect of Spinal Cord Stimulation on Regional Myocardial 
Perfusion Assessed by Positron Emission Tomography 

Christian De Landsheere, Clas Mannheimer, Alfons Habets, Marcel 
Guillaume, Ivan Bourgeois, Lars-Erik Augustinsson, Tore Eliasson, Daniel 
Lamotte, Henri Kulbertus, and Pierre Rigo 


Spinal cord stimulation (SCS) can relieve symptoms in patients with 
severe angina pectoris refractory to conventional medical or surgical ther- 
apy. Positron emission tomography and potassium-38 were used in 8 
patients for the quantitative evaluation of regional myocardial perfusion at 
rest and after exercise, before and during SCS. In nonaffected segments, 
regional myocardial clearance (flow X extraction) of potassium-38 in- 
creased from rest to exercise before and after SCS. In affected segments, 
no changes were observed in the exercise regional myocardial clearance 
after SCS, although a small difference was observed at rest concomitant 
with an increased heart rate. Anginal pain as well as the magnitude and 
duration of ST-segment depression was attenuated in all but 1 patient. 
These results indicate that SCS improves exercise-induced angina and 
electrocardiographic signs of ischemia, but this influence does not appear 
to be mediated by changes in regional myocardial perfusion. 


| nia Eanes Oly ali Ure nda, eT OTe aE 
Usefulness of Single-Photon Emission Computed Tomography 
of Thallium-201 Uptake After Dipyridamole Infusion for 
Detection of Coronary Artery Disease 

Marla A. Mendelson, Stewart M. Spies, William G. Spies, Pierre Abi- 
Mansour, and Dan J. Fintel 


The diagnostic performance of single-photon emission computed tomog- 
raphy (SPECT) and planar imaging of thallium-201 uptake for the detec- 
tion of coronary artery disease (CAD) was compared in 79 patients who 
underwent both dipyridamole thallium-201 scintigraphy and coronary 
angiography. The overall detection of CAD was 89% for SPECT and 67% 
for planar imaging (p <0.001). For the anterior vascular territory, sensi- 
tivities for SPECT and planar imaging were 69 and 44% (p <0.01), 
respectively; for the posterior vascular territory, sensitivities were 80 and 
54% (p <0.01), respectively. Receiver-operating characteristic analysis, 
using a 5-point evaluation scale, was performed for the anterior and 
posterior vascular territories. Receiver-operating characteristic curves 
generated for SPECT and planar studies demonstrated improved diagnos- 
tic performance by SPECT in the anterior vascular territory, but showed 
similar performance in the posterior territory because of lower SPECT 
specificity despite higher sensitivity at clinically relevant decision thresh- 
olds. Thus, SPECT thallium-201 scintigraphy is an important and neces- 
sary clinical tool in the detection of CAD after dipyridamole infusion. 


Continued on page A24 
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EFFECTIVE TREATMENTS 





Authoritative. 


Instructive. 


In-depth. 


Practical. 


Clinically oriented. 





New! 

CLINICAL TRANSESOPHAGEAL 
ECHOCARDIOGRAPHY 

Howard Dittrich, MD 


Here’s a practical introduction to the use of TE in the diagnosis of cardiac and 
cardiovascular disease. It contains thorough discussions of basic principles and equipment 
along with approach to diagnosis and surgical applications from the cardiologist’s 
standpoint. 

April 1992. Approx. 352 pages, 130 ills. with 90 in color. (Book Code: 01211) $95.00 (U.S.); 
$123.50 (Can.) 


New! 


INTERVENTIONAL CARDIOLOGY: 
Future Directions, 2nd Edition 
John H.K. Vogel, MD, FACC and Spencer B. King III, MD, FACS 


Emphasis in this second edition is on the efficacy of various techniques, including their 
indications, limitations, and complications, to help you select patients appropriately for 
invasive procedures versus surgery. 

November 1992. Approx. 448 pages, 312 ills. with 12 in color. (Book Code: 06694) $78.00 (U.S.); 
$101.50 (Can.) 


New! 

CALCIUM ANTAGONISTS 

IN CLINICAL MEDICINE, 2nd Edition 
Murray Epstein, MD 


This text reviews the multitude of clinical applications already known and in practice for 
the class of drugs called calcium antagonists or calcium blockers (e.g., diltiazem, nifedipine, 
verapamil, etc.). 

September 1992. Approx. 400 pages, 50 ills. A Hanley & Belfus, Inc. publication. 

(Book Code: 21959) $50.00 (U.S.); $65.00 (Can.) 


New! 

THE CARDIAC 
CATHETERIZATION HANDBOOK 
Morton J. Kern, MD 


Emphasizing care of the patient as well as the techniques themselves, this book leads the 
reader step-by-step through the procedure to learn what to expect, what to avoid, and how 
to manage complications when they occur. 

1991. 526 pages, 325 ills., spiral bound. (Book Code: 06265) $36.95 (U.S.); $48.25 (Can.) 


New! 
CARDIOLOGY: 


Fundamentals and Practice, 2nd Edition 


Emilio R. Giuliani, MD; Valentin Fuster, MD; 
Bernard J. Gersh, MD, ChB, DPhil; Michael D. McGoon, MD; 
and Dwight C. McGoon, MD 


From the Mayo Clinic’s distinguished Division of Cardiology, this new text offers revised 
and updated discussions of electrocardiography, cine-CT, echocardiographic techniques, 
MRI, interventional cardiology, heart failure and transplantation, and more. 

1991. 2,333 pages, 1,522 ills. in 2 volumes. (Book Code: 02006) $129.00 (U.S.); $167.75 (Can.) 





Indispensable. 


Clearly written. 


Comprehensive. 





Year Book 


New! 
NADAS’ PEDIATRIC CARDIOLOGY 
Donald C. Fyler, MD; with 27 contributors. 


You get up-to-date coverage of the depth and breadth of heart disorders in infants and 

children based on the experience and wisdom of authors at the world’s largest pediatric 

cardiology referral center, Children’s Hospital of Boston, MA. 

enc Sii 450 ills. A Hanley & Belfus, Inc. publication. (Book Code: 03618) $75.00 (U.S.); 
. an. 


New! 

CONGENITAL HEART DISEASE: 

A Deductive Approach to Its Diagnosis, 3rd Edition 
Burton W. Fink, MD 


This book enables the physician-in-training to gain in a single sitting an overview of 
embryology, anatomy, physical signs and symptoms, and the laboratory studies necessary to 
confirm a diagnosis. 

1991. 242 pages, illustrated. (Book Code: 20378) $31.00 (U.S.); $40.30 (Can.) 


New! 
THE AORTIC VALVE 
Robert W. Emery, MD and Kit V. Arom, MD, PhD 


Here you'll find a clinical reference written by recognized authorities that covers anatomy, 

physiology, diagnosis and therapy (including medical and surgical management), and 

invasive and noninvasive diagnosis of aortic valve disease. 

AA DG 4488 illustrated. A Hanley & Belfus, Inc. publication. (Book Code: 01492) $65.00 (U.S.); 
. an. 


New! 

CURRENT MANAGEMENT OF 
HYPERTENSIVE AND VASCULAR DISEASES 
John P. Cooke, MD, PhD; and Edward D. Frohlich, MD; 

with 78 contributors. 


Leading experts give their personal approaches to the most up-to-date treatment of 
hypertensive and vascular diseases. 
January 1992. 416 pages, 230 ills. (Book Code: 21808) $79.00 (U.S.); $102.75 (Can.) 


New! 
INTERVENTIONAL CARDIOLOGY 
Daniel L. Kulick, MD and Shahbudin H. Rahimtoola, MD, FRCP; 


with 51 contributors. 


As a single source of clinical information on invasive therapeutic techniques, this text 
covers procedures to treat coronary and peripheral vascular disease, valve disorders, and 
rhythm disturbances. 

1991. 448 pages, 307 ills. (Book Code: 09807) $62.00 (U.S.); $80.75 (Can.) 





Mosby-Year Book $ j y 5 
11830 Westline Industrial Drive Save time. Call toll free: 
St. Louis, MO 63146 800-426-4545, 
Mosby-Year Book, Ltd. Monday-Friday, 7AM-6PM, Central Time 
5240 Finch Avenue East FAX orders, 314-432-5471 Attn: Direct Marketing 
Scarborough, Ontario Please mention this number when calling: MPA-228 
Canada MIS 5A2 In Canada, call toll-free: 800-268-4178 


All prices subject to change without notice. 
MPA-228 
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MEG oT ERA, eee 
Efficacy of a Single Dose of Slow-Release Isosorbide Dinitrate 
in the Treatment of Silent or Painful Myocardial Ischemia in 
Stable Angina Pectoris 

Jerzy P. Dubiel, Krzysztof W. Moczurad, and Leszek Bryniarski 


A double-blind study was conducted in 32 patients with stable angina 
pectoris to determine the effect of a single dose of 120 mg of slow-release 
isosorbide dinitrate versus placebo on the incidence of silent and painful 
ischemic episodes as assessed by exercise treadmill testing and 48-hour 
ambulatory electrocardiographic monitoring. Assessments were obtained 
at baseline and repeated at 20 and 21 days of the drug or placebo adminis- 
tration. Slow-release isosorbide dinitrate (a single dose of 120 mg/day) is 
a valuable drug for stable angina pectoris, decreasing the frequency of 
silent and painful ischemic episodes and the magnitude of ST-segment 
depressions, and increasing exercise tolerance. It particularly shortened 
the duration of silent episodes. 


1161 
Comparison of Results of Percutaneous Transluminal 
Coronary Angioplasty With and Without Selective Requirement 
of Surgical Standby 

Andrés Iñiguez, Carlos Macaya, Rosana Hernandez, Fernando Alfonso, 
Javier Goicolea, Jorge Casado, and Pedro Zarco 





The outcomes of 269 percutaneous transluminal coronary angioplasties 
(PTCA) with rigorous surgical standby (patients considered at high risk 
should acute vessel closure occur) and of 1,014 PTCAs without surgical 
standby (although the surgical team was in-house) (backup group) were 
analyzed. In the group with surgical standby, dilatation was more fre- 
quently multiple, performed in the left anterior descending coronary ar- 
tery, in bypass graft lesions, in proximal coronary segments and in lesions 
at bifurcation, and less frequently performed during the same diagnostic 
procedure. Angiographic success was achieved in 91 and 92% of the 
attempted lesions and PTCA success in 89 and 88% in the standby and 
backup groups, respectively. The occurrence of death (1 vs 0.7%), acute 
myocardial infarction (2.9 vs 2.7%) or emergency surgery (0.7 vs 0.1%) 
was similar in both groups. PTCA is a safe procedure with a relatively low 
incidence of complications, independent of the surgical coverage used. A 
rigorous standby surgery is not necessary in every case, and criteria able to 
better select higher risk patients who will require a rigorous surgical 
coverage are still needed. 


Ces a T Et See Me eet ee E 
Frequency and Prognostic Significance of Silent Coronary 
Artery Disease in Patients with Cerebral Ischemia Undergoing 
Carotid Endarterectomy 

Stefano Urbinati, Giuseppe Di Pasquale, Alvaro Andreoli, Anna Maria Lusa, 
Michele Ruffini, Giuseppe Lanzino, and Giuseppe Pinelli 


The prevalence and prognostic role of silent coronary artery disease 

(CAD) was investigated in 106 patients undergoing carotid endarterecto- 

my with neither history nor electrocardiographic signs of CAD. Patients 

were stratified as to the presence or absence of silent CAD defined by 
Continued on page A30 
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PATENC Y 


Opens arteries 
early to save lives 
in AMI 


SRR PE E a 
Clinically documented 


low incidence of 
intracranial bleeding (ICB) 
even when used with IV heparin 


SURVIVAL 


Opens arteries and saves 
lives when used within 
5 hours of AMI onset 





Low incidence of ICB (0.5%)” 
when used with IV heparin 


B rates in clinical trials with Activase® and IV heparin’ 


Reported 
inical source N % ICB occurrence (n) 
MI-I" 3,016 04% 3 
oled data from 
other studies™*’ 3,359 0.6% 19 


tal 6,375 0.5% 32 


the TIMI-II (Thrombolysis in Myocardial Infarction) study, the 
gest U.S. thrombolytic trial to date, 3,016 patients were treated 
th IV heparin, aspirin, and 100 mg of Activase®; the occurrence 
intracranial hemorrhage was 04%. ' 


A cumulative mortality 
rate of 5.9%” for a positive 
effect on survival 


Reported 
inical source N % mortality deaths (n) 
SET” 2,515 7.2% 182 
MI-I” 3,016 4.8% 146 
tal 5,531 59% 328 
eA The most extensively studied rt-PA available 


jo) mmm | YACTIVASE 


TISSUE PLASMINOGEN ACTIVA 


The confidence of clinical experience 


The only available 
lissue-lype plasminogen 
activator. 


Over 338,000 patients 
treated in the U.S. alone. 
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w ALTEPLASE, RECOMBINANT 


1 TISSUE PLASMINOGEN ACTIVATOR 


ef Summary 
nsult full prescribing information before using. 


DICATIONS AND USAGE: ACTIVASE® is indicated for use in the management of acute myocardial 
arction (AMI) in adults for the lysis of thrombi obstructing coronary arteries, the reduction of infarct 
e, the improvement of ventricular function following AMI, the reduction of the incidence of conges- 
+ heart failure and the reduction of mortality associated with AMI. Treatment should be initiated as 
on as ope after the onset of AMI symptoms. 
TIVASE® is also indicated in the management of acute massive pulmonary embolism (PE) in 
ilts: for the lysis of acute pulmonary emboli, defined as obstruction of blood flow to a lobe or 
\Itiple segments of the lungs, and for the lysis of pulmonary emboli accompanied by unstable 
nodynamics, i.e., failure to maintain blood pressure without supportive measures. The diagnosis 
i be confirmed by objective means, suchas pulmonary angiography or noninvasive procedures such 
lung scanning. 

N AINDICATIONS: Because thrombolytic therapy increases the risk of bleeding, ACTIVASE® 
tontraindicated in the following situations: + Active internal bleeding + History of cerebrovas- 
ar accident - Recent (within two months) intracranial or intraspinal surgery or trauma (see 
(RNINGS) + Intracranial neoplasm, arteriovenous malformation, or aneurysm + Known bleeding 
thesis + Severe uncontrolled hypertension. 

\RNINGS: Bleeding The most common complication encountered during ACTIVASE® therapy is 
ay The type of bleeding associated with thrombolytic therapy can be divided into two broad 
egories: + Internal bleeding involving the gastrointestinal or genitourinary tract, or retroperitoneal or 
tacranial sites + Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.g., 
3s of venous cutdown, arterial puncture, recent surgical intervention). 
doncomitant use of heparin anticoagulation mey contribute to bleeding. Some hemorrhagic episodes 
pree ono or more days after the effects of ACTIVASE® had dissipated, but while heparin therapy 
s continuing. 
As fibrin is lysed during ACTIVASE® therapy, bleeding from recent puncture sites may occur. 
wrefore, thrombolytic therapy requires careful attention to all potential bleeding sites (including sites 
zatheter insertion, arterial and venous puncture, cutdown and needle puncture). 
ntramuscular injections and nonessential handling of the patient should be avoided during treatment 
h ACTIVASE® Venipunctures should be performed carefully and only as required. 
should an arterial puncture be necessary during an infusion of ACTIVASE® it is preferable to use an 
jer extremity vessel accessible to manual compression. Pressure should be applied for at least 30 
jutes, a pressure dressing applied and the prop site checked frequently for evidence of bleeding. 
should serious bleeding (not controllable by local pressure) occur, the infusion of ACTIVASE® and 
‘concomitant heparin should be terminated ieee’ 

‘ach patient being considered for therapy with ACTIVASE® should be carefully evaluated and antici- 
ed benefits weighed against potential risks associated with therapy. 

nthe esta conditions, the risks of ACTIVASE® therapy may be increased and should be weighed 
inst the anticipated benefits: + Recent (within 10 days) major surgery, e.g., coronary artery bypass 
ft, obstetrical delivery, organ biopsy, previous puncture of noncompressible vessels + Cerebrovas- 
ar disease + Recent (within 10 days) gastrointestinal or genitourinary bleeding * Recent (within 10 
is) trauma + Hypertension: systolic BP=180 mm Hg and/or diastolic BP=110 mm Hg + High 
lihood of left heart thrombus, e.g., mitral stenosis with atrial fibrillation + Acute pericarditis + 
yacute bacterial endocarditis + Hemostatic defects including those secondary to severe hepatic or 
al disease + Significant liver dysfunction + Pregnancy + Diabetic hemorrhagic retinopathy, or other 
horrhagic ophthalmic conditions + Septic thrombophlebitis or occluded AV cannula at seriously 
icted site + Advanced age, i.e., over 75 years old + Patients currently receiving oral anticoagulants + 
(other condition in which bleeding constitutes a significant hazard or would be particularly 
icult to manage because of its location. 

hythmias Coronary thrombolysis may result in arrhythmias associated with reperfusion. These 
tythmias are not different from those often seen in the ordinary course of AMI and may be managed 
h standard antiarrhythmic measures. It is recommended that antiarrhythmic therapy for bradycardia 
Vor ventricular irritability be available when infusions of ACTIVASE® are administered. 

monary bolism It should be recognized that the treatment of pulmonary embolism with 
'IVASE® pa ete has not been shown to constitute adequate clinical treatment of underlying 
p vein thrombosis, Furthermore, the possible risk of reembolization due to the lysis of underlying 
R venous thrombi should be considered. 

CAUTIONS: General Standard management of myocardial infarction or pulmonary embolism 
uld be implemented concomitantly with ACTIVASE® treatment. Noncompressible arterial punc- 
+ must be avoided. Arterial and venous punctures should be minimized. In the event of serious 
tding, ACTIVASE® and heparin should be discontinued immediately. Heparin effects can be 
ersed by protamine. 

tdministration There is no experience with readministration of ACTIVASE® If anaphylactoid reaction 
urs, infusion should be discontinued immediately and appropriate therapy initiated. 

(though sustained antibody formation in patients receiving one dose of ACTIVASE® has not been 
‘umented, readministration should be undertaken with caution. 

(oratory Tests During ACTIVASE® therapy, results of coagulation tests and/or measures of fibrino- 
z activity may be unreliable unless specific precautions are taken to prevent in vitro artifacts. 
'IVASE® is an enzyme that when present in blood in pharmacologic concentrations remains active 
ler in vitro conditions. This can lead to degradation of fibrinogen in blood samples removed for 
lysis. Collection of blood samples in the presence of aprotinin (150-200 units/mL) can to some 
int mitigate this phenomenon. 

g Interactions The interaction of ACTIVASE® with other cardioactive drugs has not been studied. In 
ition to bleeding associated with heparin and vitamin K antagonists, drugs that alter platelet function 
th as acetylsalicylic acid, dipyridamole) may increase the risk of bleeding if administered prior to, 
ng or after ACTIVASE® therapy. 

of Anticoagulants Heparin has been administered concomitantly with and following infusions of 
IVASE® to reduce the risk of rethrombosis. Because either heparin or ACTIVASE® alone may cause 
ding complications, careful monitoring for bleeding is advised, especially at arterial puncture sites. 
gnancy (Category C) Animal reproduction studies have not been conducted with ACTIVASE® It is 
| not known whether ACTIVASE® can cause fetal harm when administered to a pregnant woman 
ps List reproduction capacity. ACTIVASE® should be given to a pregnant woman only if 
rly needed. 

latric Use Safety and effectiveness of ACTIVASE® in children has not been established. 

Mutagenesis, Impairment of Fertility Long-term studies in animals have not been 

formed to evaluate the carcinogenic potential or the effect on fertility. Short-term studies, which 
luated tumorigenicity of ACTIVASE® and effect on tumor metastases in rodents, were negative. 
itudies to determine mutagenicity (Ames test) and chromosomal aberration assays in human 
phocytes were negative at all concentrations tested. Cytotoxicity, as reflected by a decrease 
piue mae, was evidenced only after prolonged exposure and only at the highest concentra- 
ıs tested. 

‘sing Mothers It is not known whether ACTIVASE® is excreted in human milk. Because many 
p are excreted in human milk, caution should be exercised when ACTIVASE® is administered to a 
Sing woman. 


bleeding. The type of nih associated with thrombolytic therapy can be divided into two broad 


categories: + Internal bleeding involving the gastrointestinal or genitourinary tract, or retroperitoneal or 


gm ® ADVERSE REACTIONS: Bleeding The most frequent adverse reaction associated with ACTIVASE® is 
9 
IACTIVASE intracranial sites + Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.g, 
sites of venous cutdown, arterial puncture, recent surgical intervention). 


The following incidence of significant internal bleeding (estimated as>250 cc blood loss) has been 
reported in studies in over 800 patients treated at all doses: 


Total Dose = 100 mg Total Dose > 100 mg 


gastrointestinal 5% 5% 
genitourinary 4% 4% 
ecchymosis 1% <1% 
retroperitoneal <1% <1% 
epistaxis <1% <1% 
gingival <1% <1% 


Theincidence of intracranial bleeding in patients treated with ACTIVASE® Alteplase, recombinant, is as follows: 


Dose Number of Patients h 
100 mg 3272 0.4 
150 mg 1779 1.3 
1-14 mg/kg 237 0.4 


These data indicate that a dose of 150 mg of ACTIVASE® should not be used because it has been 
associated with an increase in intracranial bleeding. 

Recent data indicate that the incidence of stroke in 6 randomized double-blind placebo controlled 
trialst-7 is not signficantly different in the ACTIVASE® treated patients compared to those treated with 
placebo (37/3161, 1.2% versus 27/3092, 0.9%, respectively) (p = 0.26). 

Should serious bleeding in a critical location (intracranial, gastrointestinal, retroperitoneal, pericar- 
dial) occur, ACTIVASE® therapy should be discontinued immediately, along with any concomitant 
therapy with heparin. 

Fibrin, which is part of the hemostatic plug formed at needle puncture sites, will be lysed during 
ACTIVASE® therapy. Therefore, ACTIVASE® therapy requires careful attention to potential bleeding sites. 
Allergic Reactions No serious or life-threatening allergic reactions have been reported. Other mild 
ita reactions such as urticaria have been observed occasionally. 

Other Adverse Reactions Other adverse reactions have been reported, principally nausea and/or 
vomiting, hypotension, and fever. These reactions are frequent sequelae of MI and may or may not be 
attributable to ACTIVASE® therapy. 


DOSAGE AND ADMINISTRATION: ACTIVASE® is for intravenous administration only. ACUTE MYOCAR- 
DIAL INFARCTION: Administer ACTIVASE® as soon as possible after the onset of symptoms. 

The recommended dose is 100 mg administered as 60 mg (34.8 million IU) in the first hour (of which 
6 to 10 mg is administered as a bolus over the first 1-2 minutes), 20 mg (11.6 million IU) over the second 
hour, and 20 mg (11.6 million IU) over the third hour. For smaller patients (less than 65 kg), a dose of 
1.25 mak administered over 3 hours, as described above, may be used.8 

Although the use of anticoagulants and antiplatelet drugs during and following administration of 
ACTIVASE® has not been shown to be of unequivocal benefit, heparin has been administered concomi- 
tantly for 24 hours or longer in more than 90% of patients. Aspirin and/or dipyridamole have been given 
either during and/or following heparin treatment. 
PULMONARY EMBOLISM: The recommended dose is 100 mg administered by intravenous infusion 
over two hours. Heparin therapy should be instituted or reinstituted near the end of or immediately 
following the ACTIVASE® infusion when the partial thromboplastin time or thrombin time returns to 
twice normal or less. 


A DOSE OF 150 MG OF ACTIVASE® SHOULD NOT BE USED BECAUSE IT HAS BEEN ASSOCIATED 
WITH AN INCREASE IN INTRACRANIAL BLEEDING. 

Reconstitution and Dilution DO NOT USE IF VACUUM IS NOT PRESENT. 

ACTIVASE® should be reconstituted by aseptically adding the appropriate volume of the accompany- 
ing Sterile Water for Injection, USP to the vial. Itis important that ACTIVASE® be reconstituted only with 
Sterile Water for Injection, USP without preservatives. Do not use Bacteriostatic Water for Injection, 
USP The reconstituted preparation results in a colorless to pale yellow transparent solution containing 
Ar pore ig mg/mL at approximately pH 7.3. The osmolality of this solution is approximately 

mOsm/kg. 

Because ACTIVASE® contains no antibacterial preservatives, it should be reconstituted immediately 
before use. The solution may be used for intravenous administration within 8 hours following reconsti- 
tution when stored between 2-30°C. Before further dilution or administration, the product should be 
visually inspected for particulate matter and discoloration prior to administration whenever solution and 
container permit. 

ACTIVASE® may be administered as reconstituted at 1.0 mg/mL. As an alternative, the reconsti- 
tuted solution may be diluted further immediately before administration in an equal volume of 0.9% 
Sodium Chloride Injection, USP or 5% Dextrose Injection, USP to yield a concentration of 0.5 
mg/mL. Either polyvinyl chloride bags or glass bottles are acceptable. ACTIVASE® is stable for up to 
8 hours in these solutions at room temperature. Exposure to light has no effect on the stability of 
these solutions. Excessive agitation during dilution should be avoided; mixing should be accom- 
plished with gentle swirling and/or slow inversion. Do not use other infusion solutions, e.g., Sterile 
Water for Injection, USP or preservative-containing solutions for further dilution, 

No other medication should be added to infusion solutions containing ACTIVASE® Any unused 
infusion solution should be discarded. 

HOW SUPPLIED: ACTIVASE® is supplied as a sterile, lyophilized powder in 20 mg and 50 mg vials 
a vacuum, each packaged with diluent for reconstitution. 

Storage Store lyophilized ACTIVASE® at controlled room temperature not to exceed 30°C (86°F), or 
under refrigeration (2-8°C/36-46°F). Protect the lyophilized material during extended storage from 
excessive exposure to light. 

Do not use beyond the expiration date stamped on the vial. 

REFERENCES: 
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Myocardial Infarction. J Am. Coll. Card. 9:1205-1213, 1987 2. Guerci, A.D., Gerstenblith, G., Brinker, J.A., 
etal., A Randomized Trial of Intravenous Tissue Plasminogen Activator for Acute Myocardial Infarction 
with Subsequent Randomization of Elective Coronary Angioplasty. New Engl. J Med., 317:1613-1618, 
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ogen Activator on Infarct Size, Left Ventricular Function and Survival in Patients with Acute Myocardial 
Infarction. Br. Med. J., 297:1374-1379, 1988. 7. National Heart Foundation of Australia Coronary Throm- 
bolysis Group: goronary Thrombolysis and Myocardial Infarction Salvage by Tissue Plasminogen 
Activator Given up to 4 Hours After Onset of Myocardial Infarction. Lancet 1:203-207 1988. 8. Califf, 
R.M., Stump, D., Thornton, D., et al., Hemorrhagic Complications After Tissue Plasminogen Activator 
(t-PA) Therapy for Acute Myocardial Infarction. Circulation 76:IV-1, 1987, 
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concordant abnormal exercise electrocardiographic testing and thallium- 
201 myocardial scintigraphy. No deaths or cardiac events occurred in the 
perioperative period. During a mean follow-up of 5.4 years, 9 patients died 
(1.7% /year): fatal myocardial infarction occurred in 5 patients (all in 
silent CAD group). Nonfatal events were observed in 9 patients: cardiac in 
4 (with silent CAD in 3). After 7 years, the Kaplan-Meier estimated 
survival free from coronary events was 51% in patients with and 98% in 
those without silent CAD (p <0.01). In conclusion, silent CAD did not 
affect the perioperative prognosis, but strongly influenced the long-term 
follow-up. A systematic screening for silent CAD appears to be mandato- 
ry in all patients undergoing carotid endarterectomy. 
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Coronary Vasodilatory Action of Elgodipine in Coronary Artery 
Disease 

Harry Suryapranata, Athur Maas, Donald C. MacLeod, Pim J. de Feyter, 
Pieter D. Verdouw, and Patrick W. Serruys 


The results of this study confirm for the first time the beneficial effects of 
elgodipine, a new second-generation dihydropyridine calcium antagonist, 
on systemic and coronary circulation in patients with coronary artery 
disease. Intravenous elgodipine at a rate of 1.5 ug/kg/min over a period of 
10 minutes induced a marked decrease in systemic pressure, and a signifi- 
cant increase in coronary blood flow, but was free of observed cardiac 
depressant effect and did not influence heart rate or myocardial oxygen 
demand. Of particular relevance, elgodipine induced a significant vasodi- 
lation not only in nonstenotic but also in stenotic epicardial coronary 
arteries. 
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Usefulness of Adenosine in Augmenting Ventricular 
Preexcitation for Noninvasive Localization of Accessory 
Pathways 

Todd J. Cohen, Kelly J. Tucker, Joseph A. Abbott, Elias H. Botvinick, 
Elyse Foster, Nelson B. Schiller, J. William O'Connell, and 

Melvin M. Scheinman 





Twelve-lead electrocardiograms and 2-dimensional echocardiograms 
were recorded at baseline and during adenosine-augmented ventricular 
preexcitation to better localize the accessory pathway. Echocardiograms 
were analyzed by direct inspection of digitized (16 frames per cycle) cine- 
loops and phase analysis. Phase analysis was performed on digitized 4- 
chamber and short-axis views, and transformed using a first harmonic 
Fourier algorithm. In 14 of 15 patients (93.3%), preexcitation became 
more prominent after adenosine, thus facilitating noninvasive pathway 
localization. Seven patients had no preexcitation at baseline, and in 4 of 
these patients, manifest preexcitation occurred after adenosine. Successful 
catheter ablation or electrophysiologic mapping of the accessory pathway 
location, or both, determined the accessory pathway location. In patients 
with preexcitation in response to adenosine, the electrocardiogram cor- 
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The free, ongoing support service 
that educates your TENORMIN patients 
and improves compliance. 


CI The TENORMIN Wellspring Service reinforces your 
counseling advice between office visits. 


CI Wellspring offers timely reminders and health-related 
service items to help ensure compliance. 


C] Enrollment is easy, fast, and free. 


Ask your ICI Pharma Representative, or call a Wellspring 
Customer Service Representative at 1-800-937-4027. 


Federal law prohibits participation of Medicaid patients in the Wellspring Service. 


Please see adjacent page for brief summary of prescribing information. 





(atenolol) 25, 50, 100 mg tablets 
(FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE INSERT.) 
INDICATIONS AND USAGE: TENORMIN is indicated in the management of hypertension. It may be used alone or con- 
comitantly with other antihypertensive agents, particularly with a thiazide-type diuretic. 

‘Angina Pectoris Due to Coronary Atherosclerosis: TENORMIN is indicated for the long-term management of patients with angina pectoris. 

Acute | Infarction: TENORMIN is indicated in the management of hemodynamically stable patients with definite or 
suspected acute myocardial infarction to reduce cardiovascular mortality. Treatment can be initiated as soon as the patient's clinical 
condition allows. (See DOSAGE AND ADMINISTRATION, CONTRAINDICATIONS, and WARNINGS.) In general, there is no basis for 
treating patients like those who were excluded fromithe ISIS-1 trial (blood pressure less than 100 mm Hg systolic, heart rate less than 
50 bpm) or have other reasons to avoid beta blockade. As noted above, some subgroups (eg, elderly patients with systolic blood 
pressure below 120 mm Hg) seemed less likely to benefit. 

CONTRAINDICATIONS: TENORMIN is contraindicated in sinus bradycardia, heart block greater than first degree, cardiogenic shock, 
and overt cardiac failure. (See WARNINGS.) 

WARNINGS: Cardiac Failure: Sympathetic stimulation is necessary in supporting circulatory function in congestive heart failure, and 
beta blockade carries the potential hazard of further depressing myocardial contractility and precipitating more severe failure. In 
patients who have congestive heart failure controlled by digitalis and/or diuretics, TENORMIN should be administered cautiously. Both 
digitalis and atenolol slow AV conduction. 

In patients with acute myocardial infarction, cardiac failure which is not promptly and effectively controlled by 80 mg of 
intravenous furosemide or equivalent therapy is a eontraindication to beta-blocker treatment. 

In Patients Without a History of Cardiac Failure: Continued depression of the myocardium with beta-blocking agents over a period 
of time can, in some cases, lead to cardiac failure, At the first sign or symptom of impending cardiac failure, patients should be fully 
digitalized and/or be given a diuretic and the response observed closely. If cardiac failure continues despite adequate digitalization and 
diuresis, TENORMIN should be withdrawn. (See DOSAGE AND ADMINISTRATION.) 

Cessation of Tt iti JIN: Patients with coronary artery disease, who are being tre 
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‘against abrupt discontinuation of therapy. Severe exacerbation of angina and the occurrence of myocardial infarction and ventricular arrhythmias 
have been reported in angina patients following the abrupt discontinuation of therapy with beta blockers. The last two complications may 
‘occur with or without preceding exacerbation of the angina pectoris. As with other beta blockers, when discontinuation of TENORMIN is 
planned, the patient should be carefully observed and advised to limit physical activity to a minimum. If the angina worsens or acute coronary 
insufficiency develops, it is recommended that TENORMIN be promptly reinstituted, at least temporarily. Because coronary artery disease is 
| common and may be unrecognized, it may be prudent not to discontinue TENORMIN therapy abruptly even in patients treated only for 
hypertension, (See DOSAGE AND ADMINISTRATIONS 

T Stic Diseases: PATIENTS WITH BROMCHOSPASTIC DISEASE SHOULD, IN GENERAL, NOT RECEIVE BETA BLOCKERS. 
Because of its relative beta, selectivity, however, TENORMIN may be used with caution in patients with bronchospastic disease 
who do not respond to, or cannot tolerate, other antihypertensive treatment. Since beta, selectivity is not absolute, the lowest 

dose of TENORMIN should be used with therapy initiated at 50 mg and a beta,-stimulating agent (bronchodilator) 

should be made available. If dosage must be increased, dividing the dose should be considered in order to achieve lower peak blood 


levels. 

Anesthesia and Major Surgery: It is not advisable to withdraw beta-adrenoreceptor blocking drugs prior to surgery in the majority 
of patients. However, care should be taken when using anesthetic agents such as those which may depress the myocardium. Vagal 
dominance, if it occurs, may be corrected with atropine (1-2 mg IV). 

Additionally, caution should be used when TEMORMIN I.V. Injection is administered concomitantly with such agents. 

TENORMIN, like other beta blockers, is a competitive inhibitor of beta-recaptor agonists and its effects on the heart can be reversed 
by administration of such agents; eg, dobutamine or isoproterenol with caution (see section on OVERDOSAGE). 

Diabetes and Hypoglycemia: TENORMIN should be used with caution in diabetic patients it a beta-blocking agent is required. Beta 
blockers may mask tachycardia occurring with hypoglycemia, but other manifestations such as dizziness and sweating may not be 
significantly affected. At recommended doses TENORMIN does not potentiate insulin-induced hypoglycemia and, unlike nonselective 
beta blockers, does not delay recovery of blood glucose to normal levels. 

Thyrotoxicosis: Beta-adrenergic blockade may mask certain clinical signs (eg, tachycardia) of hyperthyroidism. Patients suspected 
of having thyroid disease should be monitored ctosely when administering TENORMIN 1V. Injection. Abrupt withdrawal of beta blockade 
might precipitate a thyroid storm; therefore, patients suspected of developing thyrotoxicosis from whom TENORMIN therapy is to be 
withdrawn should be monitored closely. (See DOSAGE AND ADMINISTRATION.) 

PRECAUTIONS: General: Patients already on a beta blocker must be evaluated carefully betore TENORMIN is administered. Initial and 
subsequent TENORMIN dosages can be adjusted downward depending on clinical observations including pulse and blood pressure. 

Impaired Renal Function: The drug should be used with caution in patients with impaired renal function. (SEE DOSAGE AND 
ADMINISTRATION.) 

Drug Interactions: Catecholamine-depleting drugs (eg, reserpine) may have an additive effect when given with beta-blocking 








agents. Patients treated with TENORMIN plus a catecholamine depletor should therefore be closely observed for evidence of 
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hypotension and/or marked bradycardia which may produce vertigo, syncope, or postural hypotension. 

Should it be decided to discontinue therapy 1? patients receiving beta blockers and clonidine concurrently, the beta blocker should 
be discontinued several days betore the gradua! withdrawal of clonidine. 

Caution should be exercised with TENORMIN LV. Injection when given in close proximity with drugs that may also have a 
depressant effect on myocardial contractility. Or rare occasions, concomitant use of intravenous beta blockers and intravenous 
verapamil has resulted in serious adverse reactigns, especially in patients with severe cardiomyopathy, congestive heart failure, or 
recent myocardial infarction. 

Information on concurrent usage of atenololiand aspirin is limited. Data from several studies, ie, TIMI-II, ISIS-2, currently do not 
suggest any clinical interaction between aspirin anté beta blockers in the acute myocardial infarction setting, 

While taking beta blockers, patients with a history of anaphylactic reaction to a variety of allergens may have a more severe reaction 
on repeated challenge, either accidental, diagnostic, or therapeutic. Such patients may be unresponsive to the usual doses of 
epinephrine used to treat the allergic reaction. 

Mutagenesis, Impairment of Fertility:Two long-term (maximum dosing duration of 18 or 24 months) rat studies 
and one long-term (maximum dosing duration of 18 months) mouse study, each employing dose levels as high as 300 mg/kg/day or 
150 times the maximum recommended humanantihypertensive dose, did not indicate a carcinogenic potential of atenolol. A third 
(24 month) rat study, employing doses of 500 and 1,500 mg/kg/day (250 and 750 times the maximum recommended human 
antihypertensive dose”) resulted in increased incidences of benign adrenal medullary tumors in males and females, mammary 
fibroadenomas in females, and anterior pituitary adenomas and thyroid parafollicular cell carcinomas in males, No evidence of a 
grene Ea of atenolol was uncovered n the dominant lethal test (mouse), in vivo cytogenetics test (Chinese hamster) or 

test ). 

Fertility of male or female rats (evaluated at dose levels as high as 200 mg/kg/day or 100 times the maximum recommended 
human dose*) was unaffected by atenolol! administration. 

‘Animal Toxicology: Chronic studies employing oral atenolol performed in animals have revealed the occurrence of vacuolation of 
epithelial cells of Brunner’s glands in the duodenum of both male and female dogs at all tested dose levels of atenolol (starting at 
15 mg/kg/day or 7.5 times the maximum recommended human antihypertensive dose*) and increased incidence of atrial degeneration 
Aiari of male rats at 300 but not 150 mg atenolol/kg/day (150 and 75 times the maximum recommended human antihypertensive 


respectively). 

Usage in Pregnancy: Pregnancy CategoryiC: Atenolol has been shown to produce a dose-related increase in embryo/fetal 

resorptions in rats at doses equal to or greater than 50 mg/kg/day or 25 or more times the maximum recommended human 
dose.” Although similar effeets were not seen in rabbits, the compound was not evaluated in rabbits at doses above 

25 mg/kg/day or 12.5 times the maximum recommended human antihypertensive dose.* There are no adequate and well-controlled 
studies in pregnant women. TENORMIN should be used during pregnancy only if the potential benefit justifies the potential risk to the fetus. 

“Based on the maximum dose of 100 mg/Cay in a 50 kg patient. 

‘Nursing Mothers: Atenolol is excreted in human breast milk at a ratio of 1.5 to 6.8 when compared to the concentration in plasma, 
Caution should be exercised when TENORMIN is administered to a nursing woman. Clinically significant bradycardia has been reported 


"in breast fed infants. Premature infants, or infants with impaired renal function, may be more likely to develop adverse effects, 


ee: 


Pediatric Use: Safety and effectiveness imchildren have not been established. 
ADVERSE REACTIONS: Most adverse effects ave been mild and transient. 

The frequency estimates in the following table were derived from controlled studies in hypertensive patients in which adverse 
reactions were either volunteered by the patient (US studies) or elicited, eg, by checklist (foreign studies). The reported frequency of 
elicited adverse effects was higher for both TENORMIN and placebo-treated patients than when these reactions were volunteered, 
Where frequency of adverse effects of TENORIMIN and placebo is similar, causal relationship to TENORMIN is uncertain. 





Volunteered Total - Volunteered and Elicited 
(US Studies) (Foreign + US Studies) 
Atenolol Placebo Atenolol Placebo 
(n = 164) (n = 206) (n = 399) (n= 407) 
% % % % 
CARDIOVASCULAR 
Bradycardia 3 0 3 0 
Cold Extremities 0 05 12 5 
Postural Hypotension 2 1 4 5 
Leg Pain 0 05 3 1 
CENTRAL NERVOUS SYSTEM/ NEUROMUSGULAR 
Dizziness 4 1 13 6 
Vertigo 2 05 2 02 
Light-headedness 1 0 3 07 
Tiredness 06 0.5 26 13 
ns Page eee eek | 
3 07 
creel 0.6 0 2 05 
Depression 06 0.5 12 9 
Dreaming 0 0 3 1 
GASTROINTESTINAL 
Diarrhea 2 0 3 2 
Nausea 4 1 3 1 
RESPIRATORY (see WARNINGS) 
Wheeziness 0 0 3 3 
06 1 6 4 


Dyspnea 

Acute Myocardial Infarction: in a seriesot investigations in the treatment of acute myocardial infarction, bradycardia and 
hypotension occurred more commonly, as expected for any beta blocker, in atenolol-treated patients than in control patients. However, 
these usually responded to atropine and/or 0 withholding further dosage of atenolol, The incidence of heart failure was not increased 
by atenolol. Inotropic agents were intrequertly used. The reported frequency of these and other events occurring during these investi- 
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During postmarketing experience with TENORMIN, 
‘the following have been reported in temporal 
relationship to the use of the drug: elevated liver 
enzymes and/or bilirubin, impotence, Peyronie's 


gations is given in the following table. 
In a study of 477 patients, the following adverseevents were reported during 
either intravenous and/or oral atenolol administration: 
Conventional Therapy Plus Conventional Therapy 


Atenolol (n=244) Alone (n=233) disease, psoriasiform rash, reversible alopecia, and 
Bradycardia 43 (18%) 24 (10%) thrombocytopenia. TENORMIN, like other beta 
Hypotension 60 (25%) 34 (15%) blockers, has been associated with the development of 
Bronchospasm 3 (1.2%) 2 (0.9%) antinuclear antibodies (ANA) and lupus syndrome. 
Heart Failure 46 (19%) 56 (24%) POTENTIAL ADVERSE EFFECTS: In addition, a 
Heart Block 11 (45%) 10 (4.3%) variety of adverse effects have been reported with 
BBB + Major Axis Deviation 16 (6.6%) 28 (12%) other beta-adrenergic blocking agents, and may 
Supraventricular Tachycardia 28 (11.5%) 45 (19%) be considered potential adverse effects of 
Atrial Fibrillation 12 (5%) 29 (11%) TENORMIN. 3 
Atrial Flutter 4 (16%) 7 (3%) Hematologic: Agranulocytosis, purpura. 
Ventricular Tachycardia 39 (16%) 52 (22%) Allergic: Fever, combined with aching and sore 
Cardiac Reinfarction 0 (0%) 6 (2.6%) throat, laryngospasm, and respiratory distress. 
Total Cardiac Arrests 4 (1.6%) 16 (6.9%) Central Nervous System: Reversible mental 
Nontatal Cardiac Arrests 4 (1.6%) 12 (5.1%) depression progressing to catatonia; visual 
Deaths 7 (2.9%) 16 (6.9%) disturbances; hallucinations; an acute reversible 
Cardiogenic Shock 1 (0.4%) 4 (1.7%) syndrome characterized by disorientation of time and 
Development of Ventricular place; short-term memory loss; emotional lability with 

Septal Defect 0 (0%) 2 (0.9%) slightly clouded sensorium; and, decreased 
Development of Mitral performance on neuropsychometrics. } 
Regurgitation 0 (0%) 2 (0.9%) _ Gastrointestinal: Mesenteric arterial thrombosis, 

Renal Failure 1 (0.4%) 0 = (0%) ischemic colitis. 7 
Pulmonary Emboli 3 (1.2%) 0 (0%) Other: Erythematous rash, Raynaud's phenomenon. 


Miscellaneous: There have been reports of skin 
rashes and/or dry eyes associated with the use of beta- 
adrenergic blocking drugs. The reported incidence is 
small, and in most cases, the symptoms have cleared 
when treatment was withdrawn. Discontinuance of the 


In the subsequent International Study of Intarct Survival (ISIS-1) 
including over 16,000 patients of whom 8,037 were randomized to receive 
TENORMIN treatment, the dosage of intravenous and subsequent oral 
TENORMIN was either discontinued or reduced for the following reasons: 


Reasons for Reduced Dosage drug should be considered if any such reaction is not 
IV Atenolo! Reduced Dose Oral Partial otherwise explicable. Patients should be closely 
(<5mg)* Dose monitored following cessation of therapy. (SEE 
DOSAGE AND ADMINISTRATION.) 
Hypotension/Bradycardia 105 (1.3%) 1168 (14.5%) The oculomucocutaneous syndrome associated 
Cardiogenic Shock 4 (04%) 35 (.44%) with the beta blocker practolo! has not been reported 
Reintarction 0 = (0%) 5 (06%) with TENORMIN. Furthermore, a number of patients 
Cardiac Arrest 5 106%) 28 (,34%) who had previously demonstrated established practolol 
Heart Block (> first degree) 5 (.06%) 143 (1.7%) reactions were transferred to TENORMIN therapy with 
Cardiac Failure 1 (.01%) 233 (2.9%) subsequent resolution or quiescence of the reaction. 
Arrhythmias 3 (.04%) 22 (27%) OVERDOSAGE: Overdosage with TENORMIN has been 
Bronchospasm 1 (0%) 50 (62%) reported with patients surviving acute doses as high as 
“Full dosage was 10 mg and some patients received less than 10mg 59. One death was reported in a man who may have 
but more than 5 mg. taken as much as 10 g acutely. 


The predominant symptoms reported following TENORMIN overdose are lethargy, disorder of respiratory drive, wheezing, sinus 
pause, and bradycardia. Additionally, common effects associated with overdosage of any beta-adrenergic blocking agent and which 
might also be expected in TENORMIN overdose are congestive heart failure, hypotension, bronchospasm, and/or hypoglycemia. 

Treatment of overdose should be directed to the removal of any unabsorbed drug by induced emesis, gastric lavage, or 
administration of activated charcoal. TENORMIN can be removed from the general circulation by hemodialysis, Other treatment 
modalities should be employed at the physician's discretion and may include: 

BRADYCARDIA: Atropine intravenously, Ië there is no response to vagal blockade, give isoproterenol! cautiously. In refractory 

cases, a transvenous cardiac pacemaker may be indicated. 

HEART BLOCK (SECOND OR THIRD DEGREE): Isoproterenol or transvanous cardiac pacemaker. 

CARDIAC FAILURE: Digitalize the patientand administer a diuretic. Glucagon has been reported to be useful. 

HYPOTENSION: Vasopressors such as dopamine or norepinephrine (levasterenol). Monitor blood pressure continuously. 

BRONCHOSPASM: A beta, stimulant such as isoproterenol or terbutaline and/or aminophylline. 

HYPOGLYCEMIA: Intravenous glucose. 

Based on the severity of symptoms, management may require intensive support care and facilities for applying cardiac and 
respiratory support. 

DOSAGE AND ADMINISTRATION: Hypertension: The initial dose of TENORMIN is 50 mg given as one tablet a day either alone or added 
to diuretic therapy. The full effect of this dose will usually be seen within ene to two weeks. If an optimal response is not achieved, the 
dosage should be increased to TENORMIN 100 mg given as one tablet a cay. Increasing the dosage beyond 100 mg a day is unlikely to 
produce any further benefit. 

TENORMIN may be used alone or concomitantly with other antihypertensive agents including thiazide-type diuretics, hydralazine, 
prazosin, and alpha-methyldopa. 

‘Angina Pectoris: The initial dese of TENORMIN is 50 mg given as one tablet a day. If an optimal response is not achieved within 
one week, the dosage should be increased to TENORMIN 100 mg given as one tablet a day. Some patients may require a dosage of 
200 mg once a day for optimal effect. 

Twenty-four hour control with once daily dosing is achieved by giving doses larger than necessary to achieve an immediate 
maximum effect. The maximum early effect on exercise tolerance occurs with doses of 50 to 100 mg, but at these doses the effect at 
24 hours is attenuated, averaging about 50% to 75% of that observed with once a day oral doses of 200 mg. 

Acute Myocardial Infarction: în patientswith definite or suspected acute myocardial infarction, treatment with TENORMIN I.V. 
Injection should be initiated as soon as possible after the patient's arrival in the hospital and after eligibility is established. Such treatment 
should be initiated in a coronary care or similar unit immediately after the patient's hemodynamic condition has stabilized. Treatment 
should begin with the intravenous administration of 5 mg TENORMIN ove: 5 minutes followed by another 5 mg intravenous injection 10 
minutes later. TENORMIN I.V. Injaction shouid be administered under carefully controlled conditions including monitoring of blood 
pressure, heart rate, and electrocardiogram. Dilutions of TENORMIN I.V. Injection in Dextrose Injection USP, Sodium Chloride Injection 
USP, or Sodium Chloride and Dextrose Injection may be used. These admixtures are stable for 48 hours if they are not used immediately. 

In patients who tolerate the full intravenous dose (10 mg), TENORMIN Tablets 50 mg should be initiated 10 minutes after the last 
intravenous dose followed by another 50 mg oral dose 12 hours later, Thereafter, TENORMIN can be given orally either 100 mg once 
daily or 50 mg twice a day for a further 6-9 days or until discharge from the hospital. If bradycardia or hypotension requiring 
treatment or any other untoward effects occur, TENORMIN should be discontinued. 

Data from other beta blocker trials suggest that if there is any question concerning the use of IV beta blocker or clinical estimate tha 
there is a contraindication, the IV beta blocker may be eliminated and patients fulfilling the safety criteria may be given TENORMIN 
Tablets 50 mg twice daily or 100 mg once a ay for at least seven days (if the IV dosing is excluded). 

Although the demonstration of efficacy of TENORMIN is based entirely on data from the first seven postintarction days, data from 
other beta blocker trials suggest that treatment with beta blockers that are effective in the postinfarction setting may be continued for 
one to three years if there are no contraindications. 

TENORMIN is an additional treatment to standard coronary care unit therapy. 

Elderly Patients or Patients with Renal Impairment: TENORMIN is excreted by the kidneys; consequently dosage should be 
adjusted in cases of severe impairment ol renal function. Some reduction in dosage may also be appropriate for the elderly, since 
decreased kidney function is a physiologic eonsequence of aging. Atenololtexcretion would be expected to decrease with advancing age. 

No significant accumulation of TENORMIN occurs until creatinine cæarance falls below 35 mL/min/1.73m*. Accumulation of 
atenolol and prolongation of its half-life were studied in subjects with ereatinine clearance between 5 and 105 mL/min. Peak plasma 
levels were significantly increased in subjacts with creatinine clearances below 30 mL/min. 

The following maximum oral dosagessare recommended for elderly: renally-impaired patients and for patients with renal 
impairment due to other causes: 


Creatinine Clearance Atenolol Elimination Half-Life 
(mUmin/1.73m*) (h) Maximum Dosage 
15-35 16-27 50 mg daily 
<15 >27 25 mg daily 


Some renally-impaired or elderly patients being treated for hypertension may require a lower starting dose of TENORMIN: 25 mg 
given as one tablet a day. If this 25 mg dose is used, assessment of efficacy must be made carefully. This should include 
aartje of blood pressure just priar to the next dose (“trough” Blood pressure) to ensure that the treatment effect is present tor 
a tull 24 hours. 

Although a similar dosage reduction may be considered for elderlyand/or renally-impaired patients being treated for indications 
other than hypertension, data are not available for these patient populations. 

Patients on hemodialysis should be given 25 mg or 50 mg after each dialysis; this should be done under hospital supervision as 
marked falls in blood pressure can occur. 

Cessation of Therapy in Patients with Angina Pectoris: lf withdrawal of TENORMIN therapy is planned, it should be achieved 
gradually and patients should be carefully observed and advised to limit physical activity to a minimum. 

Parenteral drug products should be inspected visually for particulate matter and discoloration prior to administration, whenever 
solution and container permit. 

HOW SUPPLIED: TENORMIN Tablets: Tablets of 25 mg atenolol, NDC'0310-0107 (round, flat, uncoated white tablets with “T” 
debossed on one side and 107 debossed on the other side) are supplied in bottles of 100 tablets. 

Tablets of 50 mg atenolol, NOC 0318-0105 (round, flat, uncoated white tablets identified with ICI debossed on one side and 105 
debossed on the other side, bisected) are supplied in bottles of 100 tablets and 1000 tablets, and unit dose packages of 100 tablets. 
These tablets are distributed by ICI Pharma. 

Tablets of 100 mg atenolol, NDC 0310-0101 (round, flat, uncoated white tablets with ICI debossed on one side and 101 debossed 
on the other side) are supplied in bottles of 100 tablets and unit dose padkages of 100 tablets. These tablets are distributed by ICI Pharma. 

Store at controlled room tamperature, 15°-30°C (59°-86'F). Dispense in well-closed, light resistant containers. 

TENORMIN I.V. Injection: TENORMIN 1.V. Injection, NDC 0310-0708, is supplied as 5 mg atenolol in 10 mL ampules of isotonic 
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rectly identified accessory pathway locations in 18 of 19 patients at a 

regional level and was incorrect in 1. Technically adequate echocardio- FI 
graphic cine images were obtained in 17 of 19 patients. Echocardiographic 
phase imaging correctly identified accessory pathway location in all 17 
patients at a regional level. In conclusion, administration of adenosine 
markedly accentuates preexcitation, allowing for more accurate electro- 
cardiographic and echocardiographic (cine-loop and phase imaging) ac- 
cessory pathway localization. 


1186 

Differences Between Predictive Characteristics of Signal- 
Averaged Electrocardiographic Variables for Postinfarction 
Sudden Death and Ventricular Tachycardia 

Olusola Odemuyiwa, Marek Malik, Jan Poloniecki, Thomas Farrell, Teri 
Millane, Piotr Kulakowski, Anne Staunton, Alexander Matthies, and 

A. John Camm 


The predictive values of the standard time-domain signal-averaged (SA) 
electrocardiographic variables for ventricular tachycardia and sudden 
death were compared in 332 postinfarction patients. During a follow-up 
period of >6 months, there were 12 sudden deaths (3.6%), 14 patients 
(4.2%) developed spontaneous sustained ventricular tachycardia, and 20 
(6%) died of circulatory failure. Optimal criteria for predicting ventricular 
tachycardia required the positivity of >2 of the standard time-domain SA 
electrocardiographic variables, whereas optimal criteria for predicting 
sudden death required the positivity of all 3 variables, For a sensitivity of 
70%, positive predictive accuracy was 31% for predicting sudden death, 
and 13% for predicting ventricular tachycardia. Differences between pre- 
dictive characteristics of SA electrocardiographic variables may be used to 
refine postinfarction risk stratification. 


1193 

Variations in Expression and Treatment of Transient 
Neurocardiogenic Instability 

Otto G. Thilenius, Karen J. Ryd, and Janet Husayni 


This study describes the response of 104 pediatric patients with neurocar- 
diogenic instability to head-up tilt stress. Five stages are identified, rang- 
ing from marked fluctuation in heart rate to full syncope. Unusual re- 
sponses and individual variations in response to the tilt stress are reported. 
Eighty-four percent of the patients tested abnormal during the tilt study. 
Sixty-eight percent of these patients were given a 8 blocker, with excellent 
suppression in symptoms. Neurocardiogenic instability is a spectrum of 
symptoms and is apparently a common occurrence between age 10 and 20 
years. It is not a “disease” but a transient phase of instability in control of 
heart rate and blood pressure. 
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SYSTEMIC HYPERTENSION 


1196__ ammm 
Racial Differences in Left Ventricular Structure in Healthy 
Young Adults 

Alan L. Hinderliter, Kathleen C. Light, and Park W. Willis IV 


Racial differences in cardiac structure and function were studied in 62 
black and 71 white healthy young adults. The 2 groups were similar in age, 
gender composition, and resting and daytime ambulatory blood pressures. 
Although there were no significant differences between black and white 
subjects in left ventricular (LV) mass index, relative wall thickness was 
significantly greater in blacks. This difference was found in both men and 
women. Black subjects also had a higher resting systemic vascular resis- 
tance index and lower resting cardiac index. LV fractional shortening and 
diastolic filling were similar in the 2 racial groups. These results suggest 
that racial differences in LV structure and systemic hemodynamics exist 
even in patients without sustained hypertension. In our study population, 
the greater relative wall thickness in black subjects was not accompanied 
by significant differences in LV systolic function or diastolic filling. 


OO a ee 
Comparison of the Effects of Isradipine and Lisinopril on Left 
Ventricular Structure and Function in Essential Hypertension 
Edith C. Bielen, Robert H. Fagard, Paul J. Lijnen, Tikma B. Tjandra-Maga, 
René Verbesselt, and Antoon K. Amery 


In a 1-year study, 32 patients with essential hypertension were random- 
ized to treatment with either the converting enzyme inhibitor lisinopril or 
the calcium antagonist isradipine to compare the effects on cardiac struc- 
ture and function; hydrochlorothiazide could be added, if necessary. The 
decrease in left ventricular (LV) mass was related to the decrease in 
systolic blood pressure (BP) for the total study group and for each treat- 
ment group separately. During the subsequent 3-week run-out period on 
placebo, BP and LV mass increased again. It was concluded that during 
and after antihypertensive therapy, BP has a major role in the develop- 
ment and reversal of LV hypertrophy in essential hypertension. During 
active treatment, afterload decreased and LV systolic function improved; 
LV diastolic function improved without significant relation to the changes 
in LV mass or BP. 
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MEVACOR is contraindicated in patients who are hypersensitive to any component of the me 
with active liver disease or unexplained persistent transaminase elevations: in pregnant or la 
in women of childbearing age, except when such patients are highly unlikely to conceive. 

For complete details on MEVACOR, including cautionary information regarding myopathy, dri 
liver enzyme monitoring, please refer to the Prescribing Information. 

For a brief summary of Prescribing Information, please see the next page of this advertisement. 
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CONTRAINDICATIONS: Hypersensitivity to any component of this medication. 
Active liver disease or unexplained persistent elevations of serum transami- 
nases (see WARNINGS, 2 


‘Atherosclerosis is a chronic process, and the discontinuation of lipid-lower- 
ing drugs during pregnancy should have little inmaact on the outcome of long- 
term therapy of primary hypercholesterolemia, Mareover, cholesterol and other 


co of the c! fay are essential components for 
tal a eed including synthesis of steroids and cell membranes. 
` Because of the ability of inhibitors of HMG-CoA:reductase such as MEVACOR 
-40 decrease the is of cholesterol and fae other products of the 
cholesterol biosynthesis pathway, MEVACOR may cause fetal harm when 
administered to a pregnant woman. Therefore. lovastatin is contraindicated 
di rege Lovastatin should be administered to women of childbearing 


uri 
age when such patients are highly unlikely to conceive. If the patient 
becomes pregnant while taking this drug, lovastatin should be discontinued, 


"and the patient should be apprised of the patentiel hazard to the fetus. 


A. 


WARNINGS: Liver Dysfunction: Marked persistent increases (to more than 3 
~ times the limit of normal) in serum transaminases occurred in 1.9% of 
adult patients who received lovastatin for at least 1 year in early clinical trials 
(see ADVERSE REACTIONS). When the drug was interrupted or 
discontinued in these patients, the transaminase levels usually fel) slowly to 
pretreatment levels. The increases usually appeared 3 to 12 months after the 
‘start of therapy with lovastatin and were not associated with jaundice or other 
clinical signs or mene There was no evidence of hypersensitivity. In the 
EXCEL study (see CLINICAL PHARMACOLOGY, Clinical Studies in the full 
Prescribing Information), the incidence of marked persistent increases in 
serum transaminases over 48 weeks was 0 1% for placebo, 0.1% at 20 
mg/day, 0.9% at 40 mg/day, and 1.5% at 80 mg/day in patients on lovastatin. 
However, in post-marketing experience with MEVACOR, symptomet liver dis- 
ease has been reported meaa dosages (see ADVERSI BEAGTIDNS): 
it is recommended that liver function tests be performed during therapy 
lovastatin. Serum transaminases, including ALT (SGPT), should be 
monitored betore treatment begins, every 6 weeks during the first 3 months, 
every 8 weeks during the remainder of the first year, and periodically there- 
after (e.g., at approximately 6-month interva’s). Special attention should be 
to patients who develop elevated serum transaminase levels, and, in these 
patients, measurements should be repeated pomer and then pertormed 
more frequently. If the transaminase levels show evidence of progression, par- 
anil) rise to 3 times the upper limit of normal and are persistent, the 
drug be discontinued. Liver biopsy should be considered if elevations 
are persistent beyond the discontinuation of the drug 
drug should be used with caution in patients who consume substantial 
of alcohol and/or have a past history of liver disease. Active liver dis- 
ease or unexplained transaminase elevations are contraindications to the use 


of in. 

‘As with other lipid-lowering agents, moderate (Jess than 3 times the upper 
limit of normal) elevations of serum transaminases have been reported follow- 
ing therapy with MEVACOR (see ADVERSE REACTIONS). These changes 
appeared soon after initiation of therapy with MEVACOR, were often transient, 
wee ro copra’ by any symptoms, and interruption of treatment was 

required. 


Skeletal Muscle: Rhabdomyolysis has been associated with lovastatin ther- 
apy alone, when combined with immunosuppressive ineragy including 
op sng ae gone pone neo 
with ei emtibrozil or lipid-lowering doses (> 1g/da 
of nicotinic acid. Some of the aMected tients had preexisting renal insuti. 
, usually as a consequence of long-standing diabetes. Acute renal 
failure from rhal has been seen more commonly with the lova- 
statin-gemfibrozil comb or and has = been reported in transplant 
losporine. 
with or without renal impairment has been reported in 
seriously ill patients receiving erythromycin concomitantly with lovastatin. 
Therefore, patients receiving concomitant lovastatin and erythromycin should 


be carefully monitored. 

Fulminant lysis has been seen as early as 3 weeks after initi- 
ation of combined therapy with gemfibrozil and lovastatin, but may be seen 
atter several months. For these reasons, itis felt that, in most subjects who 
have had an unsatisfactory lipid response t either drug alone, the possible 
benefits rae ed therapy with pet al and gemfibrozil do not out- 


, and acute renal fail- 
fra nae 


i 





A 





interaction occurs with fibrates other 
brozil, myopathy and rhabdomyolysis have occasionally been 

d with the use of other fibrates alone, including clofibrate. 
oy, vo combined use of lovastatin-with other fibrates should gener- 
cians contemplating combined therapy with lovastatin and lipid- 

ing doses of nicotinic acid or with wnmunosuppressive drugs should 
carefully weigh the potential benefits and risks and should carefully monitor 
patients for any signs and symptoms of muscle pain, tenderness, or weak- 
ness, ptum luring the initial months of rey and during any peri- 
ods dosage titration of either drug. Periodic creatine phosphoki- 
nase (CPK) determinations be consivered in such situations, but there 
is no assurance that such monitoring will prevent the occurrence of severe 
spom, The monitoring of lovastatin drug and metabolite levels pay be 
er red in transplant patients who are treated with immunosuppressives 


Lovastatin therapy should be temporarily withheld or discontinued in any 
pata an reiapoaing the. development ol ronal ator secondary 1 
a 4 
rhabdomyolysis, includi H 


ng: severe acute infection, hypotension, major 
surgery, trauma, severe metabolic, endocrine, and electrol i 
uncontrolled seizures. 


t ja has been associated with lovastatin therapy. Transient, mildly ele- 
CPK levels are commonly seen in lovastatin-treated patients. However, in 
clinical trials, approximately 0.5% ofipatients developed a m: opathy, le., 

or muscle weakness associated wath ey elevated CPK levels, In 
the study (see CLINICAL PHARMACOLOGY, Clinical Studies in the tull 
pile ah Information), 5 patients (0.1%) taking lovastatin alone (1 at 40 mg 
@.p.m. and 4.at 40 mg b.i.d.) developed athy (muscle symptoms and CPK 
levels >10 times the upper limit of normal Myopathy should be considered in 
any patient with diffuse myalgias, musde tenderness or weakness, and/or 
marked elevation of CPK. Patients shoule be advised to report promptly any 
unexplained muscle pain, tenderness. or weakness, particularly if accompanied 
by malaise or fever. Lovastatin therapy shauld be discontinued if markedly ele- 
vated CPK levels occur or myopathy is diagnosed or suspected, 

Most of the patients who have developed myopathy (including rhabdomyo- 
lysis) while taking lovastatin were fecal oono miam therapy with immuno- 
suppressive drugs, gra or lipiddowering doses of nicotinic acid. In 
clinical trials, about 30% of patients on cancomitant immunosuppressive ther- 
apy including cyclosporine developed myopathy. the corresponding percent- 
ages for gemfibrozil and niacin were approximately 5% and 2%, respectively. 

In 6 patients with cardiac transplants taking immunosuppressive therapy 
including cyclosporine concomitantly with lovastatin 20 mg/day, the average 
plasma level of active metabolites derived from lovastatin was elevated to 
approximately 4 times the expected levels Because of an niet relationship 
terpen ary Pe levels of aie mange derived from Jonsi 

nan re in imunosuppressants shou 

not exceed 20 mg/day (see DOSAGE AND ADMINISTRATION) Even at this 
dosage, the be risks of insect in patients taking immuno- 
suppressants should be carefully considered. 

PRECAUTIONS; General: Before instituting therapy with MEVACOR, an attempt 
should be made to control hypercholesterolemia with appropriate diet, exer- 
cise, and weight reduction in obese ld a and to treat other ude 
medical problems (see INDICATIONS. AND USAGE in the full Prescribing 


elevate CPK and transaminase levels (see WARNINGS and 
ADVERSE RI ONS). This should be considered in the differential diagnosis 
of chest pain in a patient on therapy with lovastatin. 


Homozygous Familial Hypercholesterolemia: MEVACOR is less effective in 
ents ah the rare homozygous familial hypercholesterolemia, possibly 


ients have no functional LOL seo MEVACOR appears 
to be more likely to raise serum transaminases (see ADVERSE REACTIONS) in 
these homozygous patients. 
Information for Patients: Patients shouid be advised to report promptly any 


disorders, and 






by malaise or fever. 


ta =. oY Aci 
pain, tenderness, or weakness, particularly it accompanied 





Erythromycin: See WARNINGS, Skeletal Muscle. 3 z 
‘oumarin Anticoagutants: In a small clinical trial in which lovastatin was 
administered to warfarin-treated patients, no effect on prothrombin time was 
detected. However, another HMG-CoA reductase inhibitor has been found 
to produce a less than 2-second increase in prothrombin time in healthy 
volunteers receiving low doses of warfarin. Also, bleeding and/or increased 
prothrombin time have been reported in a few patients taking coumarin antico- 
agulants concomitantly with lovastatin. It is recommended that in patients 
ing anticoagulants, prothrombin time be determined before starting lova- 
statin and trequently enough during early therapy to ensure that no significant 
alteration of prothrombin time occurs, Once a stable prothrombin time has 
been documented, prothrombin times can be monitored at the intervals usually 
recommended for pe on coumarin anticoagulants. If the dose of lova- 
statin is changed, the same procedure should be repeated. Lovastatin therapy 
has not been associated with bleeding or with changes in prothrombin time in 
patients not taking anticoagulants. 

Antipyring: Because lovastatin had no effect on the pharmacokinetics of 
antipyrine or its metabolites, interactions of other drugs metabolized via the 
same cytochrome isozymes are not expected. 

Propranolol: In normal volunteers, there was no clinically significant phar- 
macokinetic or pharmacodynamic interaction with concomitant administration 
of single doses of lovastatin and propranolol. : 

Digoxin: In patients with hypercholesterolemia, concomitant administration 
of lovastatin and digoxin resulted inno effect on digoxin plasma concentrations. 

Other Concomitant Therapy: Although specific interaction studies were not 
abel in clinical studies lovastatin was used concomitantly with beta 

lockers, calcium channel blockers, diuretics, and nonsteroidal anti-inflamma- 
tory drugs (NSAIDs) without evidence of clinically significant adverse interactions. 


Endocrine Function: HMG-CoA reductase inhibitors interfere with cholesterol 
synthesis and as such might theoretically blunt adrenal and/or gonadal steroid 
production. Results of clinical trials with drugs in this class have been incon- 
sistent with regard to drug effects on basal and reserve steroid levels. 
However, clinical studies have shown that lovastatin does not reduce basal 
pase Cortisol concentration or impair adrenal reserve and does not reduce 

sal plasma testosterone concentration. Another HMG-CoA reductase 
inhibitor has been shown to reduce the plasma testosterone response to HCG 
In the same study, the mean testosterone response to HCG was slightly but not 
significantly reduced after treatment with lovastatin 40 mg daily for 16 weexs 
in 21 men. The effects of HMG-CoA reductase inhibitors on male fertility have 
not been studied in adequate numbers of male patients. The effects, if any, on 
the pituitary-gonadal axis in premenopausal women are unknown. Patients 
treated with lovastatin who develop clinical evidence of endocrine dysfunction 
should be evaluated ponrcp fate Caution should also be exercised if an HMG- 
CoA reductase inhibitor or other agent used to lower cholesterol levels. is 
administered to patients also receiving other drugs (e.g., ketoconazole 
spironolactone, cimetidine) that may decrease the levels or activity of endoge- 
nous steroid hormones. 


CNS Toxicity: Lovastatin produced optic nerve degeneration (Wallerian degen- 
eration of retinogeniculate fibers) in clinically normal dogs in a dose-dependent 
fashion starting at 60 mg/kg/day, a dose that produced mean plasma Mg 
els about 30 times higher than the mean drug level in humans taking the high- 
est recommended dose (as measured by total enzyme inhibitory activity). 
Vestibulocochlear Wallerian-like degeneration and retinal panation cell chrome- 
tolysis were also seen in dogs treated for 14 weeks at 180 mg/kg/day, a dose 
that resulted in a mean plasma drug level (Cmax) Similar to that seen with the 60 
mo/g/day dose. 

CNS vascular lesions, characterized by perivascular hemorrhage and 
edema, mononuclear cell infiltration of perivascular spaces, perivascular fibrin 
deposits, and necrosis of small vessels, were seen in dogs treated with løva- 
statin at a dose of 180 mg/kg/day, a dose that produced plasma drug levels 
(Cmax) about 30 times higher than the mean values in humans taking 80 mg/day. 

Similar optic nerve and CNS vascular lesions have been observed with other 
drugs of this class. 


Carcinogenesis, Mutagenesis, Impairment of rerem, In a 21-month carcino- 
panig study in mice, there was a statistically significant increase in the inei- 

nce of hepatocellular carcinomas and adenomas in both males and females 
at 500 mg/kg/day. This dose produced a total plasma drug exposure 3 to 4 
times that of humans given the highest recommended dose of lovastatin (drug 
exposure was measured as total HMG-CoA reductase poy activity in 
extracted plasma). Tumor increases were not seen at 20 and 100 mg/kgřday, 
doses that produced drug exposures of 0.3 to 2 times that of humans at the 30 
mg/day dose. A statistically significant increase in pulmonary adenomas was 
seen in female mice at approximately 4 times the human drug exposure. 
(Although mice were given 300 times the human dose [HD] on an mg/kg body 
weight basis, plasma levels of total devant activity were only 4 times higher 
in mice than in humans given 80 mg of MEVACOR® [Lovastatin].) 

There was an increase in incidence of papilloma in the nonglandular 
mucosa of the stomach of mice beginning at exposures of 1 to 2 times that of 
humans. The glandular mucosa was not affected, The human stomach con- 
tains only glandular mucosa. 

In a 24-month carcinogenicity study in rats, there was a positive dose- 
response relationship for hepatocellular carcinogenicity in males at drug 2x00- 
sures 2 to 7 times that of human exposure at 80 mg/day (doses in rats were 5, 
30, and 180 he 

A chemically similar drug in this class was administered to mice tor 72 
weeks at 25, 100, and 400 mg/kg body weight, which resulted in mean serum 
drug levels approximately 3, 15, and 33 times higher than the mean human serum 
drug concentration (as total inhibitory activity) after a 40-mg oral dose Liver 
carcinomas were Significa increased in high-dose females and mid- and 
high-dose males, with a maximum incidence of 90% in males. The incidence of 
adenomas of the liver was significantly increased in mid- and high-cose 
females. Drug treatment also significantly increased the incidence of lung ade- 
nomas in mid- and high-dose males and females. Adenomas of the Harderian 
gland (a gland of the eye of rodents) were significantly higher in high-dose 
mice than in controls, 

No evidence of mutagenicity was observed in a microbial mutagen test 
using mutant strains of Salmonella typhimurium with or without rat or mouse 
liver metabolic activation. In addition, no evidence of damage to genetic mate- 
rial was noted in an in vitro alkaline elution assay using rat or mouse hepato- 

es, a V-79 mammalian cell forward mutation study, an in vitro chromosome 
aberration study in CHO cells, or an in vivo chromosomal aberration assay in 
mouse bone marrow. 

Drug-related testicular atrophy, decreased spermatogenesis, spermatocytic 
degeneration, and giant cell formation were seen in dogs starting at 20 
mg/kg/day. Similar findings were seen with another drug in this class. No drug- 
related effects on fertility were found in studies with lovastatin in rats. However, 
in studies with a similar drug in this class, there was decreased fertility in male 
rats treated for 34 weeks at 25 mg/kg body weight, although this effect was not 
observed in a subsequent fertility study when this same dose was administered 
for 11 weeks (the entire cycle of spermatogenesis, including epididymal matura- 
tion). In rats treated with this same reductase inhibitor at 180 mg/kg/day, semi- 
niferous tubule degeneration (necrosis and loss of spermatogenic epithelium) 
was observed. No microscopic changes were observed in the testes from rats 
of either study. The clinical significance of these findings is unclear. 


Pregnancy: Pregnancy Category X: See CONTRAINDICATIONS. 

afety in pregnant women has not been established. Lovastatin has been 
shown to produce skeletal malformations at plasma levels 40 times the human 
exposure (for mouse fetus) and 80 times the human exposure (for rat fetus) 
based on mg/m’ surface area (doses were 800 mg/kg/day). No drug-induced 
changes were seen in either species at multiples of 8 times (rat) or 4 times 
(mouse) the human exposure based on surface area, No evidence of malfor- 
mations was noted in rabbits at exposures up to 3 times the human exposure 
(dose of 15 mg/kg/day, highest tolerated dose). MEVACOR should be adminis- 
tered to women of childbearing potential only when such patients are highly 
unlikely to conceive and have been informed of the potential hazarcs. If the 
woman becomes pregnant while taking MEVACOR, it should be discontinued, 
and the patient advised again as to the potential hazards to the fetus. 


Nursing Mothers: It is not known whether lovastatin is excreted in human milk, 
Because a small amount of another drug in this class is excreted in human 
breast milk and because of the re r serious adverse reactions in nurs- 
moana women taking MEVACOR should not nurse their infants (see CON- 
TRAINDICATIONS). 


Pediatric Use: Satety and effectiveness in children and adolescents have not 
been established, Because children and adolescents are not likely to benefit 
from cholesterol lowering for at least a decade and because experience with 
this drug is limited (no studies in subjects below the age of 20 years), treat- 
ment of children with lovastatin is not recommended at this time. 


neg Interactions: Immunosyy ve Drugs, Gemfibrozil, Niacin (Nicotinic 


these extensions was 5.2 years. B 

in the EXCEL study (see CLINICAL PHARMACOLOGY, Clinical Studies in the 
full Prescribing Information), 4.6% of the patients treated up to 48 weeks were 
adverse experiences that were rated 


discontinued due to clinical or laboratory 
We investigator as possibly, probably, or definitely related to therapy with 


VACOR. The value tor the placebo group was 2.5%. 


Clinical Adverse arg Adverse experiences reported in patients (%) 
treated with MEVACOR (n=613) in controlled clinical studies are: 
Gastrointestinal: constipation, 4.9; diarrhea, 5.5; dyspepsia, 3.9; flatus, 6.4; 
abdominal pain/cramps, 5.7; heartburn, 1.6; nausea, 4.7; Musculoskeletal: 
muscle cramps, 1.1; myalgia, 2.4; Nervous Sys' 
neadache, 9.3; Skin: rash/pruritus, 5.2; Special Senses: blurred vision, 1.5; 
dysgeusia, 0.8. 


Laboratory Tests: Marked Pu increases of serum transaminases have 
been noted (see WARNING }. 

About 11% of patients had elevations of creatine phosphokinase (CPK) 
levels of at least twice the normal value on one or more occasions. The corre- 
sponding vals for the control agents were cholestyramine, 9%, and probu- 
col, 2%. This was attributable to the noncardiac fraction of CPK. Large increases 
in GPK have sometimes been reported (see WARNINGS, Skeletal Muscle). 


Expanded Clinical Evaluation of Lovastatin (EXCEL) Study: Clinical Adverse 
Experiences: MEVACOR was compared to placebo in 8,245 patients with 
hypercholesterolemia (total cholesterol 240 to 300 elie [6.2-7.8 mmol/L}) in 
the randomized, double-blind, para 48-week EXCEL study. Clinical adverse 
experiences reported as possibly, probably, or definitely drug related in 21% of 
any treatment group are shown in the table below. For no event was the inci- 
dence on drug and placebo statistically different. 


MEVACOR 
Placebo 20 mg q.p.m. 40 mg q.p.m. 20 mọ b.i.d. 40mg bid. 
{(n=1.663) {n=1,642) (n=1,645) (n=1,646) (n=1,649) 
% % % 


% % 
Body as a Whole 
Asthenia 14 17 14 15 12 
Gastrointestinal 
Abdominal pain 1.6 20 20 22 25 
Constipation 9 2.0 3.2 3.2 35 
Diarrhea 23 2.6 24 2.2 26 
Dyspepsia 19 1.3 1.3 10 16 
Flatulence 42 37 43 3.9 45 
Nausea 25 19 25 2.2 2.2 
Musculoskeletal 
Muscle cramps 0.5 0.6 08 11 1.0 
Myalgia 17 26 18 22 3.0 
Nervous System/ 
Psychiatric 
Dizziness 07 07 12 05 05 
Headache 27 26 28 21 3.2 
Skin 
Rash 07 08 10 12 1.3 
Special Senses 
Blurred vision 08 11 0.9 0.9 1.2 


Other clinical adverse experiences reported as possibly, probably, or defi- 
nitely drug related in 0.5 to 1% of patients in any drug-treated group are listed 
below. In all these cases, the incidence on drug and placebo was not statistical- 
y different. Body as a Whole: chest pain; Gastrointestinal: acid regurgitation, 

ry mouth, vomiting. Musculoskeletal: leg pain, shoulder pain, arthralgia, 
Nervous System/Psychiatric: insomnia, paresthesia; Skin; alopecia, pruritus; 
Special Senses: eye irritation. 


Concomitant Therapy: \n controlled clinical studies in which lovastatin was 
administered concomitantly with cholestyramine, no adverse reactions peculiar 
to this concomitant treatment were observed. The adverse reactions that 
occurred were limited to those reported previously with lovastatin 
or cholestyramine. Other lipid-lowering agents were not administered con- 
comitantly with lovastatin during controlled clinical studies. Preliminary data 
suggest that the addition of either probucol or cantar to therapy with 
lovastatin is not associated with greater reduction in LDL cholesterol than that 
achieved with lovastatin alone. In uncontrolled clinical studies, most of the 
patients who have developed myopathy were receiving concomitant therapy 
with immunosuppressive drugs, gemfibrozil, or niacin (nicotinic acid) (see 
WARNINGS, Skeletal Muscle). 


The following effects have been reported with drugs in this class: 

Skeletal: myopathy, rhabdomyolysis, arthralgias. 

Neurological: dysfunction of certain cranial nerves (including alteration of 
taste, impairment of extraocular movement, facial paresis), tremor, vertigo, 
memory loss, paresthesia, peripheral neuropathy, peripheral nerve palsy, anxi- 
ety. insomnia, depression. 

Hypersensitivity Reactions: an apparent hypersensitivity syndrome has been 
reported rarely that has included one or more of the following features: ana- 
phylaxis, angioedema, lupus erythematous-like syndrome, polymyalgia 
rheumatica, vasculitis, purpura, thrombocytopenia, leukopenia, hemolytic ane- 
mia, positive ANA, ESR increase, arthritis, arthralgia, urticaria, asthenia, photo- 
sensitivity, fever, chills, flushing, malaise, dyspnea, toxic epidermal necrolysis, 
erythema multiforme, including Stevens-Johnson syndrome. 

Gastrointestinal: pancreatitis, hepatitis, including chronic active hepatitis, 
cholestatic jaundice. fatty change in liver; and rarely, cirrhosis, fulminant hep- 
atic necrosis, and hepatoma; anorexia, vomiting. 

Skin: alopecia, 

Reproductive: gynecomastia, loss of libido, erectile dysfunction. 

Eye: progression of cataracts (lens opacities), ophthalmoplegia. 


Laboratory Abnormalities: elevated transaminases, alkaline phosphatase, and 
bilirubin; thyroid function abnormalities. 


OVERDOSAGE: After oral administration of MEVACOR to mice, the median 
lethal dose observed was >15 g/m. 

Five healthy human volunteers have received up to 200 mg of lovastatin as 
a single dose without clinically significant adverse experiences. A few cases of 
accidental overdosage have been reported: no patients had any specific symp- 
tone; ey all patients recovered without sequelae. The maximum dose taken 
was 5 to 6 g. 

Until further experience is obtained, no specific treatment of overdosage 
with MEVACOR can be recommended. 

The dialyzability of lovastatin and its metabolites in man is not known at present. 


DOSAGE AND ADMINISTRATION: The patient should be placed on a standard 
cholesterol-lowering diet before (ed A MEVACOR and should continue on 
this diet during treatment with MEVACOR. MEVACOR should be given with meals. 

The recommended starting dose is 20 oe once a day given with the tl 
meal, The recommended dosing range is 20 to 80 mg/day in single or divid 
doses; the maximum recommended dose is 80 mg/day. Adjustments of dosage 
should be made at intervals of 4 weeks or more. Doses should be individual- 
ized ccording to the patient's nse (see Tables | to IV under CLINICAL 
PHARMACOLOGY, Clinical Studiesin the full Prescribing Information for dose- 
response ieee 

n patients tal p Nhe eso ne drugs concomitantly with lovastatin 
see WARNINGS. Skeletal Muscle), therapy should begin with 10 mg of 

EVACOR and should not exceed 20 mg/day. 

Cholesterol levels should be monitored i and consideration 
should be given to reducing the dosage of MI ‘OR if cholesterol levels fall 
below the targeted range. 


Dosage in Patients with Renal Insufficiency: \n patients with severe renal insuf- 
ficiency (creatinine clearance <30 raat dosage increases above 20 mg/day 
should be carefully considered and, if deemed necessary, imj nted cau- 
tiously (see CLINICAL PHARMACOLOGY in the full Prescribing Information and 
WARNINGS, Skeletal Muscle). 


—_ 
For more detailed information, consult your MSD Representative or see the 
Prescribing Information. 

Merck Sharp & Dohme, Division of Merck & Co., Inc., West Point, PA 19486. 


"Registered trademark of MERCK & CO., Inc. 
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) Reducing stress in 
pharmacologic stress s testing 


` Patient safety arid tolerability: the stress factors 


Consider the pharmacologic stress: population. Old patients. Frail patients. Submaximaily 


. ‘stressed patients. The obese. In these often vulnerable or compromised patient types, safety 





<. Du Pont Merck Pharmaceutical Compay Post- Wary Safety Surveillance. + 


_ and, tolerability are particularly important. The more certain an agent's safety and tolerability 
- record, the more potential for patient comfort and physician confidence. Use of an agent with a 

proven tolerability and safety record can reduce. the OVER stress to the patient, wie easing the 
emotional stress to the physician. : : 


A safety record that spans. more ikin a decile 
ILV. Persantine® (dipyridamole-USP) has a safety profile established i in over a decade of clinical’ > 
- testing.’” And, based on information from over 250,000 patient studies, I.V. Persantine is - 
' generally well tolerated.’ Such an established record i in phiarmacologig stress.creates a standard: 
. by which to compare other agents. ; 


Generally well-tolerated stress begins with smooth, 
gradual onset of effect . 


Pharmacologic stress with I.V: Persantine takes ‘effect: smoothly with a 4- mints infusion, 
followed within 5 minutes with the appropriate thallium dose. This allows the patient to, 
‘become accustomed to the “stressing” process more gradually: there is no “sudden impact.” “ur 
`.» Additionally, the time is short oaen to allow an eee relatively unéoiplicated i imaging - 
procedure. : 5 


Convenient, easy-to-follow protocol minimizes procedural. frustrations 
_ The procedural logistics of pharmacologic stress can be another source of emotional stress to the ` 
- physician or ‘staff. With LV. Persantine, there’s a flexible, easy-to-follow protocol. - ‘No infusion 
pump needed. No'need for site-specific injection. And no extra I.V. line for the i imaging agent. 


y When you stress more assured, you can rest more assured 


Based on its proven safety profile and. generally well-tolerated effect, I.V. Persantiné sets a . 
‘solid foundation to help reduce the stress that can sometimes be associated with 
pharmacologic stress. - 
Stress the facts in pharmacologic s stress...call the Du Pont ENT E i Nuclear ` 
'. Cardiology Hotline at 1-800-343-7851 for further information and I discussion about the. s 
proven — oe of I.V. Persantine. =` f s s 













- “Severe adverse events have occurred infrequently (<0. 39%) in ina study of 3,911 patients. Patieñts with 
” ahistory of unstable angina’may be at a greater risk for severe myocard ischemia, Patients witha soya of - 
asthma may be at a greater tisk for bronchospasm. 
Inthe same study, the most frequent adverse events (>2%) were oe pain/angina pects, , ist . 
electrocardiographic changes (mast commonly, ST-T changes), headache, and dizziness. na TERRES a 
DU PONT] - 
PHARMA}. . 


Radiopharmaceuticals 


Please seé brief summary of prescribing information on 
___ feverse for contraindications, warnings, and adverse reactions. 


* ©1992 Du Pont Pharma 
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` Brief Summary of Prescribing Information 


CONTRAINDICATIONS Hypersensitivity to dipyridamole. 


‘ WARNINGS Serious. adverse-reactions associated with the 


administration of intravenous Persantine® (dipyridamole USP) 
‘have included fatal and- non-fatal myocardial: infarction. 


7 ventricular fibrillation, symptomatig ventricular tachycardia: ` 
. ` transient cerebral ischemia, and bronchospasm. 


In a study of 3911 patients given‘intravenous Persantine as an 
-adjunct to thallium mydcardial perfusion imaging, two types of 
serious adverse events were reported: 1) fout cases of +77 > 
myocardial infarction, (0.1%), two fatal (0.05%); and-two non-" ` 
- fatal (0.05%); and 2) six cases of severe bronchospasm (0.2%). ` 
: Although-the incidence. of these.seriou$ adverse events was 


small (0.3%, 10 of 3911), the potential clinical information to 


` -be gained through use of iatravenous Persantine thallium 


-imaging must be weighed against the risk to the patient. 


* 2. Patients. with a history of, unstable angina may be at @ greater ` 
~ risk foe severe myocardlal ischemia. Patients witha history of 
asthma may be at a greater risk for bronchospasm during - 


|V Persantine use. 


~ When thallium myocardial. perfusion imaging is performed with 
` intravenous Persantine, parenteral aminophylline shouldbe. 


readily available for relieving adverse events suct as 
“bronchospasm or chest pain: -Vital signs should: be monitored 
during, and: for 10-15 minutes following, the intravenous 
infusion of Persantine anc an eléctrocardiographic tracing 
should be obtained. using at least one chest lead, Should 


~~ severe chest pain or branchospasm occur, “parenteral ~, . 


aminophylline may be administered: by. slow intravenous: 
‘injection (50-100 mg over 30-60 seconds) in doses ranging 


*. from 50 to 250 mg: Jn’ the case of severe hypotension, the 
“Patient should be placed ia a supine position with the’ head - 
_ tilted down it necessary, befdre administration’ of parenteral 
_ aminophylline. ` f'250 mg of aminophylline does not reljeve 
“chest pain symptoms within a few minutes, sublingual ~~ 


nitroglycerin may be.administered. ‘If chest pain continues 


` despite use of aminophylline and nitroglycerin, ‘the possibility Ji 


of myocardial infarction should be considered. “If the ‘Clinical 
condition of a patient with an adverse event permits a one 
minute delay in the administration of parenteral aminophylline, 


thallium-201 may be injected and allowed to-circulate for one, ` 
-minute before the injection of aminophylline. This will allow . 
ifitial thallium perfusion imaging to be performed before * 


teversal of the shai pieis, of Persantine On. the, 


: _ coronary circulation. 
`- PRECAUTIONS See WARNINGS. 
. Drug Interactions Oral maintenance theophylline may ‘abolish 


"the coronary vasodilatation induced by intravenous Persantine® 
(dipyridamole USP) administration.: This could Jead to a false « 


negative thallium imagingresult. 
Carcinogenesis, Mutagenesis, Impairment of Fertility 


. In studies in which- dipyridamole was administered in. the feed at 


doses of up to 75 mg/kg/day (9.4 times* thë maximum 


"recommended daily human oral dose) in mice (up to 128 weeks, 
in males and up to 142 weeks in females) and rats (up fo 111° 


weeks in males and females), there was no evidence of drug 
related carcinogenesis. Mutagenicity tests of dipyridamole with 


es bacterial and mammalian cell systems were negative. There ` 
- -was no évidence of impaired fertility when, dipyridamolé was 


administered to male and female fats at.oral doses up to 500 


mg/kg/day (63 times® -the maximum’ recommended daily ; 


human oral dose). A significant reduction in number of corpora 


- lutea with consequent reduction in implantations and five 


fetuses Was: however, observed at 1250 mg/kg/day. 

*Calculation based on.assumed body weight of 50 kg. 
Pregnancy ‘Category B Reproduction studies performed in 
mice and rats at daily oral doses of up to, 125 mg/kg (15.6 
times” the maximum recommended daily human oral dose) and 
in rabbits at daily oral doses of up to 20 mg/kg. (2.5 times* the 
maximum recommended daily human oral ‘dose) have revealed 


- no. evidence of impaired embryonic development due te. 
s dipyridamole. There are, however, no adequate and well 

~ controlled studies in pregnant women. Because animal, 

reproduction Studies are. not always ‘predictivé af human ` - 
„responses, this drug should De ieg during, pregnancy giy if 
"clearly needed. 3 


“Calculation based iain’ bod weight of 50 kg. ` 


< Nursing Mothers Dipyridamole is excreted inhuren milk. 
. Pediatric Use Safety and effectiveness in children have Mot 


‘been ete 


[DUPONT] 
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ADVERSE REACTIONS: Adverse reaction information conceming - 


intravenous Persantine® (dipyridamole USP) is derived froma. 
study. of 3911 patients in“which intravenous Persantine \ was | 


` used as-an adjunct tc thallium myocardial perfusion imaging | 


and from spontaneous reports of adverse reactions and the . 
published literature. 
Serious adverse events (fatal and nop-fatal myocardial j 
infarction, severe ventricular arrhythmias, and serious CNS 
abnormalities) are described previously (see WARNINGS). 


‘In the study of 3911 patients, the most frequent adverse $ 
“reactions were: “chest pain/angina pectoris. (+9.7%), 


: “2lectrocardiographic changes (most commonly ST-T changes) 
(15.9%), headache (12.2%), and dizziness (11.8%): > 


Adverse reactions occurring in greater than 1%,of the patients 


` iri the study are shown in the following table: 


incidence (%) of Drug-Related 





: mi, Adverse Events Events - 
Chest Pain/Angina Pectoris _ is 7497. 
“Headache = o o a A 
Dizziness > 0 : ea 11.8 
Electrocardiographic / Abnarmalities/ST- T.changes ee 
~ Electrocardiogranhie Pinorinalttes Easy sine "oe 
Hypotension . : 46. 
Nausea.” : ahah 46 
` Flushing "nee Traa 
, Electrocardiographic Abnormalities/Tachycardia DT O 
. Dyspnea fast ae ye ig 26 
Pain Unspecified Seah natty sO 
. Blood Pressure Lability eh a ; 16°. 
ee eae See ee | 
Paresthesia® SA ni eens 
Fatigue =. 00 to i rana Mahi 


Less common adverse kadio otcurring in 1% or is of the 


- patients-within the study included: > 


~ Cardiovascular. System: Electrocarciograhié horaila 
~ unspecified (0:8%), arrhythmia unspecified (0.6%), palpitation’ 


(0.3%), ventricular tachycardia (0.2% see WARNINGS), 
bradycardia (0 2%), myocardial infarétion.(0.1% see 
WARNINGS), AV block (0.1%), syncope. (0.1%), orthostatic 
hypotension (0.1%), atrial fibrillation (0.1%); supraventricular 
tachycardia (0.1%), ventricular arrhythmia unspecified (0.03% - 
see WARNINGS), “heart: block unspecified (0. 03%), | 
‘cardiomyopathy (0.03%); edema (0.03%). 
Central and Periptieral Nervous System: Hypothesia (0. 5%), 
ie (0.3%), nervousness/anxiety (0.2%), tremor (0.1%)... 
normal. coordination: (0.03%), somnolence (0. 03%), y 
dysphonia (003%), migraine (0.03%), vertigo (0. 03%}..* 
Gastrointestinal System: Dyspepsia (1.0%), dry ‘mouth (0. 8%), 
abdominal pain (0.7%), flatulence (0.6%), vomiting (0.4%), 
eructation (0.1%), dysphagia (0. 03%), tenesmus (0.03%), 
appetite increased (0:03%). 
Respiratory Sysiem: Pharyngitis (0.3%), bronchospasm (0.2% 
see WARNINGS), hyperventilation (0.1%), rhinitis (0.1%), 


~ coughing (0:03%), pleural pain (0. 03%). 
. Other: Myalgia (0.9%), back pain (0:6%), injection site reaction: 


unspecifiec (0.4%), diaphoresis (0.4%), asthenia (0.3%), 
malaise (0.3%), arthralgia (0.3%), injection site pain (0.1%), 
rigor (0:1%). earache: (0.1%), tinnitus.(0.1%), vision 


| abnormalities “unspecified (0.1%), dysgeusia (0.1%), thirst 


(0.03%), depersonalization (0.03%), eye pain (0:03%), renal 
pain (0.03%), perineal pain (0.03%), breast pain (0.03%), 


` intermittent claudication (0.03%), leg cramping (0.03%). 


OVERDOSAGE No cases of overdosage in humans have been 
reported. It is unlikely that overdosage will ogcur because of the 


` nature of use (i.e., single intravenous ‘administration in 


controlled Settings): See WARNINGS. 
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. . | recommend this book to 
ery practicing physician. 

‘ep it on your desk; you'll 
fer to it every day... .” 


. Should occupy a place in 
ery clinician’s office... .’’ 


. organized. . .to convey 
hat really matters’ to a 
acticing physician... .”’ 


. written by an all-star cast 
. „İt is a fine read.” 


. concise, current, and well 
afted....excellent....’’ 


Montvale Avenue, Stoneham, MA 02180 








Medicine 


for the Practicing Physician 
Third Edition 





J. Willis Hurst 


Editor-in-Chief 


Hurst’s Medicine is praised so highly in the reviews because it’s written and 
organized the way practicing physicians think— 


. . -why has this patient come to me? 

When confronted with an unclear medical situation, you actually look up the presen- 
ting disease or problem of immediate concern. Hurst’s Medicine follows the thought 
processes of clinicians as they ‘‘workup"’ a patient — it is uniquely arranged by 
patient disorders. 


. . how can Hurst’s Medicine help me to provide the best patient care? 
Covering both general and internal medicine, the book focuses on the clinical side of 
day-to-day practice. 395 contributing authors were chosen for their clinical expertise 
and ability to communicate ‘‘what really matters” in a brief, concise unit; the 
problem-oriented format keeps the information easily and quickly accessible. 


New in the Third Edition— 

Almost all of the chapters have been updated and revised in the light of current 
clinical practice; 68 new chapters have been added. Especially rapidly changing 
topics, such as immunologic disorders and infectious disease, have been carefully 
revised and expanded. 
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(Thereafter, the price will be $125.00) 
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City State Zip O Bill my institution 
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Sign here to ensure processing of all orders Date 





Credit card number Expiration Date 

Add $3.50 for handling to all check and credit card orders. Billed orders will be charged addi- 
tional shipping based on weight and destination. All orders must include your state sales tax. 
Price will be higher in Canada. Price subject to change. 








CONGESTIVE HEART FAILURE 


Ee a a he eee 
Characteristics of Peak Aerobic Capacity in Symptomatic and 
Asymptomatic Subjects with Left Ventricular Dysfunction 
Chang-seng Liang, Douglas K. Stewart, Thierry H. LeJemtel, Philip C. 
Kirlin, Kevin M. Mcintyre, H. Thomas Robertson, Robert Brown, Andrea 
W. Moore, Karen L. Wellington, Linda Cahill, Marie Galvao, Patricia A. 
Woods, Carlos Garces, and Peter Held, for the Studies of Left Ventricular 
Dysfunction (SOLVD) Investigators 


Peak aerobic performance was determined by expired gas analysis in 
subjects with depressed left ventricular (LV) ejection fraction (<0.35) 
and a wide range of clinical manifestations of congestive heart failure 
(CHF) in the Studies of Left Ventricular Dysfunction. Subjects were 
divided into those with overt CHF needing treatment (treatment trial) and 
those who had neither overt CHF nor treatment for CHF (prevention 
trial). Treatment trial subjects exercised for a shorter time and attained a 
lower peak exercise oxygen consumption (VO) and VQ) at anaerobic 
threshold than did prevention trial ones. Analysis of covariance showed 
that the differences in peak VO, and VO) at anaerobic threshold were 
statistically significant between the 2 trials after adjusting for age, gender, 
LV ejection fraction and New York Heart Association functional class. 
Thus, of subjects with reduced LV ejection fraction, those with no or 
minimal CHF have higher aerobic exercise performance than do those 
with overt CHF. This difference cannot be explained by gender, age, LV 
ejection fraction or New York Heart Association functional class. 


ba 6 SORBET Ke DE EERE SAT IN WBMES ee a oS 
Long-Term Outcome in Patients with Congestive Heart Failure 
and Intact Systolic Left Ventricular Performance 

John F. Setaro, Robert Soufer, Michael S. Remetz, Robin A. Perlmutter, 
and Barry L. Zaret 


To evaluate the long-term outcome in patients with clinical congestive 
heart failure (CHF) and preserved left ventricular (LV) systolic function 
(ejection fraction >45%), 7-year follow-up was obtained in 52 patients 
originally identified in 1982. Principal cardiovascular diagnoses included 
coronary artery disease in 27 (52%), hypertensive heart disease in 16 
(31%), and restrictive cardiomyopathy in 7 (13%). Cardiovascular mor- 
tality was 46% (24 of 52), nonfatal cardiovascular morbidity 29% (15 of 
52), and combined cardiovascular mortality and morbidity 75% (39 of 
52), suggesting an unfavorable long-term prognosis for patients with CHF 
despite intact LV systolic performance. 


Continued on page A43 
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No other quinidine 
delivers like this. 
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(n=16) TIME AFTER DOSE (hr) Adapted from Wright 
16 normal subjects given single oral doses of 3:commercial quinidine dosage form 


QUinora® (quinidine sulfate) is a registered trademark of Key Pharmaceuticals. 
Quinaglute® Dura-Tabs® (quinidine gluconate) is a registered trademark of Berlex Laboratories. 








-hour delivery of quinidine sulfate 
g dose: One tablet BID for most patients 


m Coated tablet for easier swallowing 

m Easily identified as Quinidex 

m No difference in GI tolerability compared with quinidine gluconate2 
m The most frequently prescribed quinidine brand3 


QuinidexExtentabs 


(quinidine sulfate extended-release tablets, USP) 300 mg 
Trust experience. 


The appearance of this tablet is a trademark of A.H. Robins 


VAT isonktoniss aeden AH-ROBI NS 


Philadelphia, PA 19101 See brief summary of prescribing information on adjacent page. 
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(quinidine sulfate extended-release tablets, USP) 300mg 
Trust experience. 


‘The following is a brief summary only. Before prescribing, see complete prescribing 

‘information in Quinidex product aval 

Contraindications: Intraventricular conduction defects. Complete A-V block. A-V con- 

duction disorders caused by digitalis intoxication. Aberrant impulses and abnormal 

rhythms due to escape mechanisms. Idiosyncracy or hypersensitivity to quinidine or 
cinchona derivatives. Myasthenia gravis. 

‘Warnings: in the treatment of atrial flutter, reversion to sinus rhythm may be preceded 

bya bi dnt reduction ™ the degree of A-V block to a 1:1 ratio, resulting in an 

extre! rapid ventricular rate. This possible hazard may be reduced by digitalization 

prior to administration of core 

Reports in the literature indicate that serum concentrations of digoxin may increase 
and may even double when quinidine is administered concurrently. Patients on con- 
comitant therapy should be carefully monitored for digitalis toxicity. Reduction of 
Op ret dosage ee] have to De considered. 

ifestations of quinidine pram, such as excessive nrolonganoa of the OT 
interval, widening of the QRS complex and ventricular tachyarrhythmias mandate 
fleet discontinuation of the drug and/or close clinical and electrocardiographic 
monitoring. 

In susceptible individuals, such as those with marginally compensated cardiovascular 
disease, quinidine may produce clinically important depression of cardiac function 
manifested by hypotension, bradycardia, or heartbiock Quinidine therapy should be 
carefully monitored in such individuals. 

Quinidine should be used with extreme caution in patients with incomplete AV block 
since complete AV block and asystole may be produced Quinidine may cause abnor- 
malities of cardiac rhythm in digitalized patients and therefore should be used with 
caution in the presence of digitalis intoxication. 

Quinidine should be used with caution in patients exhibiting renal, cardiac or hepatic 
pier ad because of potential accumulation of quinidine in serum, leading to 
toxi 

Patients taking quinidine occasionally have syncopal episodes which usually result 
from ventricular tachycardia omfibrillation. This syndrome has not been shown to be 
related to dose or serum levels: Syncopal episodes frequently terminate spontaneously 
or in response to treatment, bul sometimes are fatal 

Cases of hepatotoxicity, including granulomatous hepatitis, due to quinidine hyper- 
sensitivity have been reported. Unexplained fever and/or elevation of hepatic enzymes, 
particularly in the early stages of therapy, warrant consideration of possible hepatotox- 
icity. Monitoring liver function during the first 4-8 weeks should be considered. 
Cessation of quinidine in these eases usually results in the disappearance of toxicity. 

Precautions: General—All the precautions applying to regular quinidine therapy apply 
to this product. Hypersensitivityror anaphylactoid reactions to quinidine, although rare. 
should be considered, especiallyduring the first weeks of therapy. Hospitalization for 
Close clinical observation, electracardiographic monitoring, and determination of serum 
quinidine levels are indicated when large doses of quinidine are used or with patients 
who present an increased risk. 

Information for Patients —As with all solid dosage medications, Quinidex Extentabs 
should be taken with an adequate amount of fluid, preferably with the patient in an 
upright position to facilitate swallewing. They should be swallowed whole in order to 
preserve the controlled-release mechanism. 

Laboratory Tests—Periodic blocs counts and liver and kidney function tests should 
be performed during long-term therapy; the drug should be discontinued if blood 
dyscrasias or evidence of hepatic ar renal dysfunction occurs. 

teractions 


Effect 
Quinidine with anticholinergic drugs Additive vagolytic effect 
Quinidine with cholinergic drugs Pits ers of cholinergic effects 


Quinidine with carbonic anhy- Alkalinization of urine 
drase inhibitors, sodium resulting in decreased 
bicarbonate, thiazide diuretics excretion of quinidine 

Quinidine with coumarin Reduction of clotting 
anticoagulants factor concentrations 

Quinidine with tubocurare, Potentiation of neuro- 
succinylcholine and muscular blockade 
decamethonium 

Quinidine with phenothiazines Additive cardiac 
and reserpine depressive effects 


Quinidine with hepatic enzyme- Decreased plasma 
inducing drugs (phenobarbital, half-life of quinidine 
phenytoin, rifampin) 


Quinidine with digoxin increased serum concentration of 
digoxin (See Warnings) 
Quinidine with amiodarone increased serum concentration of quinidine 
Quinidine with cimetidine Prolonged quinidine half-life and an 
increase in serum quinidine level 
Quinidine with ranitidine Premature ventricular contractions 
and/or bigeminy 
Quinidine with verapamil increased quinidine half-life and an increase in 
serum quinidine level; potential 
hypotensive reactions 
Quinidine with nifedipine Decreased serum concentrations of quinidine 
inogenesis: Studies in animals have not been performed to evaluate the carcino- 
genic potential of quinidine 


Pregnancy, Teratogenic Etfects: Pregnancy Category C. Animal reproduction studies 
have not been conducted with quinidine. There are no adequate and well-controlled 
studies in pregnant women. Quinidex Extentabs should be administered to a pregnant 
woman only i oa indicated. J 

Nontera’ ic Effects: Like quinine, quinidine has been reported to have oxytocic 
properties. The significance of this property in the clinical setting has not been 
established. 

Labor and Delivery -There is no known use for Quinidex Extentabs in labor and deliv- 
ery. However, quinidine has been reported to have oxytocic properties, The significance 
of this property in the clinical setting has not been established. 

Nursing Mothers — Because of passage of the drug into breast milk, caution should 
be exercised when Quinidex Extentabs are administered to a nursing woman. 

Pediatric Use —There are no adequate and well-controlled studies establishing the 
safety and effectiveness of Quinidex Extentabs in children 
Adverse Reactions: Symptoms of cinchanism, such as ringing in the ears, loss of hear- 
ing, dizziness, lightheadedness, headache. nausea, and/or disturbed vision may appear 
in sensitive patients after a single dose o° the drug. The most frequently encountered 
side effects to quinidine are gastrointestinal. 

Gastrointestinal—Nausea, vomiting, abifominal pain, diarrhea, anorexia, granu- 
Jomatous hepatitis (which may be precedad by fever). esophagitis 

Cardiovascular Ventricular extrasystoles occurring at a rate of one or more every 6 
normal beats; widening of the ORS complex and prolonged QT interval, complete A-V 
block; ventricular tachycardia and fibrillation; ventricular flutter; torsade de pointes; 
arterial embolism; hypotension; syncope. 

Central Nervous System — Headache, vertigo, apprehension, excitement, confusion, 
delirium, dementia, ataxia. depression 

Ophthalmologic and Otologic— Disturbed nearing (tinnitus, decreased auditory 
acuity), disturbed vision (mydriasis, blurred vision. disturbed color perception, photo- 
poih diplopia, night blindness, scotomata), optic neuritis, reduced visual field. 

Dermatologic- Cutaneous flushing with tense pruritus, photosensitivity, urticaria, 
rash, eczema, exfoliative eruptions, psoriasis, abnormalities of pigmentation. 

ensitivity—Angioede ma, acute asthmatic episode, vascular collapse, respira- 
tory prkos hepatotoxicity, granulomatous hepatitis (See Warnings), purpura, 
vasculitis. 

Hematologic—Thrombocytopenia, thrombocytopenic purpura, agranulocytosis, acute 
hemolytic anemia, hypoprothrombinemia, leukocytosis, shift to left in WBC differential 
neutropenia. 

Immunologic—Systemic lupus erythematesus, lupus nephritis. 

Miscellaneous —Fever, increase in serum skeletal muscle creatine phosphokinase, 
arthralgia, myalgia. Rev. October 1987 
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importance of a Patent Infarct-Related Artery for 
Hospital and Late Survival After Direct Coronary 
Angioplasty for Acute Myocardial Infarction 
Bruce R. Brodie, MD, Thomas D. Stuckey, MD, Charles J. Hansen, MA, 


Terry R. Cooper, PhD, Richard A. Weintraub, MD, E. Joseph LeBauer, MD, 
Jeffrey D. Katz, MD, and Thomas A. Kelly, MD 


The importance of a patent infarct-related artery 
(IRA) for hospital and late survival was examined 
in 383 patients with acute myocardial infarction 
treated with direct coronary angioplasty. At hospi- 
tal discharge, 317 of 348 patients (91%) had a 
patent IRA and mean follow-up left ventricular 
(LV) ejection fraction (EF) was 58%. Cardiac sur- 
vival after hospital discharge at 1, 3 and 6 years 
was 99, 95 and 90%. Patency of the IRA was the 
most important determinant of hospital mortality: 
patent versus occluded IRA, 5 vs 39% mortality, p 
<0.001. Follow-up LVEF was the most important 
determinant of late cardiac mortality: follow-up 
LVEF >45 versus <45%, 2 versus 24% mortality, 
p <0.001. Patency of the IRA was not a signifi- 
cant predictor of late cardiac mortality in the 
group as a whole: patent versus occluded IRA, 4.7 
versus 6.5% mortality, p = 0.67. In the subgroup 
of patients with depressed initial LVEF <45%, pa- 
tency was a significant predictor of late cardiac 
mortality: patent versus occluded IRA, 9.2 versus 
40% mortality, p = 0.03. Patients with a patent 
IRA had better recovery of LV function than pa- 
tients with an occluded IRA (follow-up LVEF 58.5 
versus 47.6%, p <0.001). When late cardiac mor- 
tality was adjusted for differences in follow-up 
LVEF, patency was no longer a significant predic- 
tor of late mortality. 

Our results indicate patency of the IRA is the 
most important determinant of hospital survival, 
and LV function (measured after recovery) is the 
most important determinant of late cardiac surviv- 
al. Patency of the IRA is important for preserva- 
tion of LV function, but is not an independent de- 
terminant of late cardiac survival. 

(Am J Cardiol 1992;69:1113-1119) 
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yocardial reperfusion has been shown to im- 

prove both short- and long-term survival in 

acute myocardial infarction (AMI).'? Al- 
though this has been thought to be due primarily to the 
effects of reperfusion on preservation of left ventricular 
(LV) function, several observations suggest other fac- 
tors may be important.34 The Western Washington tri- 
al found improved late survival in patients who had suc- 
cessful reperfusion, despite the fact that there was no 
improvement in LV function.’ The International Study 
of Infarct Survival-II trial showed improved survival in 
patients treated late at 6 to 24 hours after the onset of 
chest pain, at which time little or no salvage of myocar- 
dium would be expected.? These observations suggest 
that an open infarct vessel may be beneficial in improv- 
ing survival, independent of its effect on preservation of 
LV function.34 The purpose of this study was to evalu- 
ate the importance of a patent infarct-related artery 
(IRA) for hospital and late survival after direct coro- 
nary angioplasty for AMI. 


METHODS 

Study population: Our study population was selected 
from 636 patients with AMI who presented to our car- 
diology group from 1984 to 1988. Of these, 383 (60%) 
with electrocardiographic ST-segment elevation were 
treated with direct angioplasty, without prior thrombo- 
lytic therapy, and comprise our study group. The details 
of the selection criteria have previously been described.® 

Treatment protocol: Patients were transported 
promptly from the emergency department to the cardi- 
ac catheterization laboratory where coronary inter- 
vention could generally be started within 30 to 60 
minutes. Coronary reperfusion was established mechan- 
ically with the use of direct coronary angioplasty. Intra- 
venous heparin was continued for 4 to 5 days after in- 
tervention keeping the partial thromboplastin time 2 to 
3 times control. The details of the in-hospital treatment 
protocol have been described earlier.®’ 

Follow-up angiography: Follow-up angiography was 
performed routinely during the first 3 years of the 
study, and when clinically indicated during the last 2 
years of the study. LV ejection fraction (EF) was calcu- 
lated from tracing contours of right anterior oblique 
ventriculograms using the area-length method with cor- 
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TABLE! Beseline Demographic, Clinical and Angiographic 
Characteristcs of 383 Patients Treated with Direct Angioplasty 
2 Characteristic No. (%} 
; Age (years + SD) 59+ 11 
a Age 225 years 30 (7.8) 
Men/women 277/106 
Prior AMI 85 (22.0) 
Prior coronary bypass surgery 12 (3.1) 
Cardiogenic shock* 22 (5.7) 
Anterior walt AMI 172 (45.0) 
Reperfusion time (hours + SD) 4.1 + 3.2 
Late reperfusion (> 6 hours) 48 (12.5) 
Multivessel coronary diseaset 204 (53.0) 
initial EVEF (% + SD)t 52214 
initial IMEF < 45% 97 (25.0) 
m *Blood pressure <85 mm Hg at presentation not responsive to intravenous fluids 
and associated with severe left ventricular dysfunction. 
t> 70% stengsis in 2 or 3 major epicardial coronary arteries. 
vale a 329. Left ventriculograms were not performed or were inadequate in 54 
PARMI = acute myocardial infarction; LVEF = left ventricular ejection fraction. 





| 


rection for the 30° right anterior oblique projection.* 
Ventriculograms were excluded if there was frequent 
ectopy or inadequate opacification. Follow-up angiogra- 
phy was performed in 219 patients or 63% of hospital 
survivors at a mean follow-up time of 8 months. Left 
ventriculograms were adequate for measurement of fol- 
low-up LVEF in 196 patients or 56% of hospital survi- 
vors. 

Patient follow-up: Follow-up information on patient 
status was cbtained by hospital and office chart review 
and by telephone contact. The events recorded included 

‘death, cause of death, nonfatal reinfarction, coronary 
bypass surgery and repeat coronary angioplasty. Fol- 
low-up ranged from 1 to 6 years (mean 3.3). One pa- 
tient was lost to follow-up in the first year and a total of 
11 patients (3.2%) were lost to follow-up during the en- 
tire follow-up period. 

Data analysis: Demographic, clinical and angio- 
graphic variables tested as predictors of hospital mortal- 
ity included age, sex, prior myocardial infarction, prior 
coronary bypass surgery, cardiogenic shock, IRA, initial 
patency of the IRA, presence of multivessel disease, ini- 
tial LVEF, and IRA patency immediately after the di- 
tect. angioplasty procedure. The variables evaluated as 
predictors of late mortality include the aforementioned 
variables plus patency of the IRA at hospital discharge 
and LVEF measured at follow-up angiography. The 
IRA was classified as occluded at hospital discharge if 
the initial direct angioplasty procedure was unsuccessful 
or if there was reinfarction or angiographic documenta- 
tion of reocelusion. Patients who had undergone coro- 
nary bypass. surgery and those with reinfarction who 
achieved successful redilation were classified as having 
a patent IRA. Of the 317 patients classified as having a 

patent IRA at hospital discharge, all had angiographic 
documentation of acute patency and 216 patients had 

-. ¢ither angiographic documentation of late patency (192 
_ patients) or had undergone coronary bypass surgery (24 


patients), In 4 patients who died after hospital discharge 
without follow-up angiography, follow-up LVEF mea- 
<= sured by radionuclide ventriculography was used in the 


a analysis. 
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The chi-square s statistic with Yates’ s correction for 


continuity was used as a test of the homogeneity of pro- 


portions in the univariate analysis of hospital and late _ 
mortality and dichotomous independent variables. Fish- 
er’s 2-tailed exact probabilities were calculated for all ~ 
fourfold tables when 1 or more of the expected cell fre- 
quencies was <5. Student’s ¢ test for independent sam- 
ples was used to analyze the difference in means of con- 
tinuous variables. Kaplan-Meier survival curves were 
computed to examine differences in late survival poten- 
tially due to categorical demographic, clinical.and angi- 
ographic variables.’ Statistical significance of subgroup 
comparisons was determined by the Lee-Desu statistic. 
Logistic regression was used to evaluate the effects of 
categorical variables on hospital and late mortality 
when used in the multivariate predictive models. An at- 
tempt was also made to analyze the effects of categori- 
cal variables on late survival using a multivariate Cox 
proportional hazards model. Although there were too 
few deaths to test the assumptions of the proportional 
hazards model, the results presented are consistent. with 
findings from the survival analyses using single indepen- 
dent variables. All analyses were performed with the 
SAS and SPSS-X statistical software. 


RESULTS 

Baseline characteristics: The baseline characteris- 
tics of the 383 patients treated with direct angioplasty 
are listed in Table I. Our stady population included pa- 
tients generally considered ineligible for thrombolytic 
therapy and known to be at increased risk of mortality, 
such as patients with cardiogenic: shock (22 patients), 
prior coronary bypass surgery (12 patients), late presen- 
tation (48 patients), and elderly patients (30 patients). 

Hospital outcome: Coronary angioplasty was per- 
formed successfully in 347 of 383 patients (91%), 
resulting in a patent IRA and <50% residual luminal 
stenosis. There were 35 hospital deaths (9.1%) and 23 
patients (6.0%) had. in-hospital nonfatal reinfarction. 
Coronary artery bypass surgery was performed in 26 
patients (6.8%) and additional coronary angioplasty 
procedures were performed in 28 patients (7.3%) in- 
cluding 14 patients with emergency angioplasty for in- 
hospital reinfarction. 

Predictors of hospital mortality: The predictors 
of hospital mortality from univariate and multivariate 
analyses are listed in Table II. The strongest indepen- 
dent predictor of hospital mortality was an occluded 
IRA (unsuccessful coronary angioplasty). There were 
14 hospital deaths (39%) among 36 patients with an 
occluded IRA compared with 21 hospital deaths (5.1%) 
among 347 patients with a patent IRA (p <0.001). Age 
and late reperfusion were also significant independent 
predictors of hospital mortality. Multivessel coronary 
disease and a depressed initial LVEF <45% approached 
significance as independent predictors of hospital mor- 
tality. Cardiogenic shock was not an independent pre- 
dictor of mortality in this analysis because 6 patients 
(including 5 who died) were excluded owing to lack of 
initial LVEF data. When LVEF was not included in the 
multivariate analysis, cardiogenic shock was a strong in- 
dependent predictor of hospital mortality. < 
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3 ute Myo 
: No. (%) 


on oe Died Univariate Multivariate 
Variable (n = 35) p Value* Odds Ratio 95% Ci 





Occluded IRA 14 (38.9) <0.001 3.22 1.68--6.17 
Age. > 65 years 22 (17.2) <0.001 1.93 1,153.22 
Late reperfusiont 8 (16.7) 0.05 1.78 1.00-3.17 
Multivessel CAD 29 (14.2) <0.001 1.80 0.97-3.31 
initial LVEF <45% 16 (16.5) <0.001 1.63 0.92-2.90 
Cardiogenic shock . 11 (50.0) <0.001 1.57 0.76-3,.24 
Women 13 (12.3) <0.001 1,41 0.83-2.42 
Anterior wall AMI 21 (12.2) 0.06 1.35 0.76-2.41 
Prior AMI 14 (16.5) <0.01 1.30 0.73-2.31 
Prior CABG 3 (25.0) 0.05 1:34 0.34-5.29 
recompans mortality Of patients with variable present to mortality with variable absent. 

| AMI E acute fhyocardial infarction; CABG = coronary artery bypass grafting; CAD = coronary artery disease; Cl = 

confidence interval; IRA = infaret-related artery; LVEF = left ventricular ejection fraction; PTCA = percutaneous transluminal 

coronary angioplasty, 

| acre are | 




















TABLE IH Univariate and Multivariate Predictors of Late Cardiac Mortality in Hospital 
Survivors After Direct PTCA for Acute Myocardial Infarction 


a No. of No. (%) 
Pts. Died Univariate Multivariate 
Variable {n = 348) (n = 17) p Value* Odds Ratiot 95% Cl 


Follow-up LVEF < 45% 33 8 (24.2) 0.001 2,99 
Initial LVEF <45% 81 9(11.1) 3 1.72 
Men 15 (5.9) 2.64 
Age %65 years 6 (5.7) 1.95 
Oceluded IRA 2 (6.5) 1.61 
Anterior wall AMI 10 (6.6) 1.39 
Multivessel CAD 11 (6.3) 1.34 
Prior AMI 6 (8.5) 1.07 
Prior CABG 1(11.1) 

Late reperfusiont 0.(0) 

Cardiogenic shock 0 (0) 

*Campares mortality of patients. with variable present to mortality with variable absent. 

This model includes only patients with both initial and follow-up LVEF data (n = 188). 


t>6 hours. 
NS = not significant; other abbreviations as in Table il, 
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Deleon after the hospitali Of the 383 petients 


treated with direct angioplasty, 348 were discharged 


from the hospital and followed for 1 to 6 years (mean 
3.3). There were 31 late deaths, 17 cardiac and 14 non- 
‘cardiac. The mechanism of cardiac death was sudden in 
~ 12, reinfarction in 1, congestive heart failure in 2, after 


— coronary bypass surgery in 1, and uncertain in 1. The 
mean follow-up LVEF in 196 hospital survivors with 
Os followup left ventriculography was 58%. Corenary 


artery bypass surgery was performed in 23 patients 
(6.6%) after hospital discharge and additional coronary 

angioplasty procedures were performed in 54 patients 
(15.5%) including emergency angioplasty in 17 of 34 
patients with late reinfarctions. Kaplan-Meier survival 


-curves for total survival and cardiac survival are shown 


in Figure 1. The cardiac survival at 1 and 6 years was 
99 and 90%, respectively. 
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, diac mortality: p 
of late cardiac mortality are istedi in Table HLA de 
pressed initial and follow-up LVEF were the only signif. 
icant univariate predictors of late cardiac mortality. — 
Late mortality in patients with an initial LVEF <45 _ 
versus 245% was 11.1 (9 of 81) versus 3.1% (7 of 224) 
(p <0.01). The late mortality in patients with follow- 
up LVEF <45 versus 245% was 24.2 {8 of 33) versus _ 
2.5% (4 of 163) (p <0.001). A depressed follow-up 
LVEF was the only significant independent predictor of 
late cardiac mortality by multivariate analysis. Survival 
curves for patients with depressed versus preserved ini- 
tial and follow-up LVEF are shown in Figures 2 and 3. 
Multivariate analysis of survival curves with the Cox 
proportional hazards model also showed that follow-up 
LVEF was the only significant independent predictor of 
late cardiac mortality. The importance of follow-up 


Initial 
LVEF > 45% 


Initial 
LVEF < 45% 


4 


Years From Discharge 


FIGURE 2. 


_ patients with initial LVEF <45%. 





survival curves for 224 patients with initial left ventricular ejection fraction (LVEF) 245% versus 81 
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E FIGURE 3. Kaplan-Meier sur- 
2 vival curves for 163 patients 
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; F< 459 on fraction (F/U LVEF) 
60 ‘ F/U LVEF < 45% 245% 533 
i er a, FÆ LVEF <45%. 
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cardiac mortality is illustrated in Figure 





y of the infarct-related tery and late cardi- 
baseline characteristics of the 348 
ors with patent and occluded IRAs are 
le IV. The 2 groups were similar in most 
aracteristics. Patients with a patent IRA had 
overy of LV function than patients with an 
A (follow-up LVEF 58.5 + 13% vs 46.7 + 
Pp <0. 001). There was. no significant difference in 
late cardiac mortality between patients with a patent 
IRA and patients with an occluded IRA (15 of 317 or 
4.7% vs 2-of 31 or 6.5%; p = 0.67). Figure 5 compares 
the survival curves for the 2 groups. 
_ In 81 patients with depressed initial LVEF <45%, 
the late cardiac mortality in patients with a patent IRA 
was lower than in patients with an occluded IRA (7 of 
76 or 9.2% vs 2 of 5 or 40%, p = 0.03). Patients with a 
patent IRA had better recovery of LV function than 
patients with an occluded IRA (follow-up LVEF 47.3 + 
13% vs 33.0 + 13%, p <0.04). When differences in late 
cardiac mortality between patent and occluded infarct 
artery groups were adjusted for differences in follow-up 
LVEF, patency was no longer a significant predictor of 
late cardiac mortality. 
“In the small subgroup of patients with 1-vessel coro- 
nary disease and depressed follow-up LVEF <45%, 
th ere 2 late cardiac deaths (50%) among 4 pa- 
th an occluded IRA compared with no late car- 



































study was designed to test the hypothesis that a 
IRA is a predictor of hospital and late cardiac 
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gory, and the range of F/U LVEF for 
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TABLE IV Demographic and Angiographic Characteristics... 
According to Patency of the Infarct-Related Artery at Hospital 
Discharge 
i Patent IRA Occluded IRA 
no. (%) no. (%) ; 
Variable (n = 317) (m= 31) p Value 
Age (year + SD) 58.4 +11 58.5 +11 ; 
Men 234 (73.8) 21 (67.7) 
Prior AMI 60 (18.9) 11 (38.5) 
Prior CABG 8 (2.5) 1 (3.2) 
Cardiogenic shock 10 (3.2) 1 (3.2) 
Anterior wall AMI 138 (43.5) 13 (41.9) 
Late reperfusion 37 (11.7) 3 (9.7) 
(> 6 hours) 
Multivessel coronary 166 (52.4) 9 (29.0) 0.01 
disease 
Initial LVEF (% + SD) 53.6 + 13 52.8 + 10 NS 
Follow-up LVEF §8.5+13 47.6213 <0.001 
(% + SD) 
Abbreviations as in Tables H and IH. 
ER R } 


function. Our results indicate that a patent IRA is the 
most important determinant of hospital survival, and 
that follow-up LVEF is the most important determinant 
of late cardiac survival. Patency is not a predictor of 
late cardiac survival in the group of hospital survivors as. 
a whole, but does appear to be important for late surviv- 
al in patients with depressed initial LVEF. In this sub- - 
group, patency appears to enhance late cardiac survival» 
primarily by its effect on preservation of LV function. = 
Patients with patent arteries had substantial recovery of 
LV function, whereas patients with occluded arteries. 
did not, and when late cardiac survival was adjusted for 
differences in recovered LV function, patency was no 
longer a predictor of late cardiac survival. : 
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FIGURE 5. Kaplan-Meier survival 
curves for 317 patients with patent in- 


ry 








< > Studies supporting the open artery hypothesis: Nu- 
«merous studies have documented the importance of a 


patent IRA for hospital survival,®!°-!2 but the evidence 
- that a patent IRA is important for late survival, inde- 


Ce pendent of its effect on preservation of LV function, has 


o been conflicting.*?>!4 The strongest evidence in support 


of the importance of a patent IRA for late survival 
comes from the Western Washington trial.> This trial, 


<o in which patients were treated relatively late with intra- 


i g coronary streptokinase, found improved late survival in 
. patients discharged with a patent IRA despite the fact 


that there was no improvement in LV function. Addi- 


tional evidence comes from Cigarroa et al,!? who found 
that a patent IRA resulting from spontaneous reperfu- 
sion after AMI was associated with a striking survival 
- benefit in hospital survivors with 1-vessel disease despite 
‘the fact that these patients had no improvement in LV 


ee ‘function. 


‘Several possible explanations have been proposed as 
to why a patent IRA may be important for late survival 
independent of its effect on preservation of LV func- 
tion.>4 Late reperfusion may prevent LV remodeling 
‘and expansion even when it is too late to salvage myo- 
cardium.'®!8 An open infarct artery may also improve 
electrical stability and may provide a conduit for collat- 
eral vessels in the event of subsequent occlusion of a 
contralateral coronary artery.!?2° 

Studies refuting the open artery hypothesis: De- 
spite these potential benefits, other studies appear to re- 

“<> fete the open artery hypothesis, The Interuniversity 
_ Cardiology Institute of the Netherlands Trial, in which 

-x patients:with AMI were treated with intracoronary 
_ Streptokinase, found improved late survival in patients 


_ with an open versus a closed infarct vessel, but the dif- 
- ferences disappeared when patients were stratified by. 
LVEF. This study suggested that the survival benefit. 
after rombolt Pay was due to myocardial sal- 
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vage and that there was no independent. survival benefit 
of an open artery. 

Comparison with our results: Our results are similar 
to the Interuniversity Cardiology Institute of the Neth- 
erlands Trial but differ from the Western Washington 
Trial. One possible explanation for the differences be- 
tween our results and those of the Western Washington 
Trial may be related to the type of reperfusion strategy 
used. In our study coronary angioplasty. was performed 
to establish reperfusion and additional revascularization 
procedures were performed in patients with recurrent 
ischemia and in patients with high-risk coronary anato- 
my. Consequently, many patients who otherwise would 
have been discharged with an occluded IRA were.con- 
verted to an open artery. For example, 12 of 23 patients 
with in-hospital reinfarction underwent repeat success- 
ful emergency coronary angioplasty and left the hospital 
with an open artery. Also, 7 of 22 hospital survivors 
with initial unsuccessful angioplasty underwent coro- 
nary bypass surgery for multivessel coronary disease 
and left the hospital with an open artery. This has the 
effect of removing these high-risk patients from the oc- 
cluded. artery group and lowering the mortality in the 
occluded artery group. 

We did find a small subgroup of hospital survivors 
(patients with |-vessel coronary disease and. depressed 
follow-up LVEF) in which patency may have had an 
independent effect on late cardiac survival. The num: 
bers are very small and we cannot draw any firm con- 


clusions, but our data suggest that subgroups may exist 


in which patency of the IRA is important for late sur- 
vival independent of its effect on preservation of LV _ 
function. 
Study limitations: The present study is limited by 
the relatively small number of patients with occluded 
IRAs at hospital discharge and the small number of late 
cardi e deaths. The small | numbers may make it diffi- 
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: Sgnificant differences i in late cardiac sur- 
n patients with patent and occluded infarct 
_ the small numbers also limit subgroup 
ther limitation of our study is that follow- 
hic data were obtained in only 63% of hos- 
rs. Patients with follow-up angiography had 
idence of anterior myocardial infarction (50 
s 35%, p = 0.005), were younger (57 + 11 vs 60 + 11 
years, p = 0.003), and had lower initial LVEF (52.4 + 
13% vs 55.3 + 13%, p = 0.05) than those without fol- 
low-up angiography. It is possible that this selection bias 
could affect our results. 

Clinical implications: Our study indicates that pa- 
tency of the IRA is the most important determinant of 
hospital survival after direct angioplasty for AMI. Pa- 
tency of the IRA may also be important for late cardiac 
survival in patients with depressed initial LVEF, but 
this appears to be related primarily to the effects of pa- 
tency on recovery of LV function. LV function (mea- 
sured after recovery) is the most important determinant 
of late cardiac survival after direct angioplasty, just as it 
‘is after conventional therapy for AMI?! Reperfusion 
‘Strategies that produce the highest patency rates of the 
TRA and allow the maximal recovery of LV function 
should provide the best hospital and late cardiac surviv- 
al. In our study population, the aggressive management 
of recurrent ischemia with additional revascularization 
procedures may contribute to the very low late cardiac 
portly. 
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Evaluation at a Prolonged Infusion of oe 
Recombinant Tissue-Type Plasminogen Activator — : 
(Duteplase) in Preventing Reocclusion Following 
Successful Thrombolysis in Acute 
Myocardial Infarction 


John Kalbfleisch, MD, Udho Thadani, MD, Judith K. LittleJohn, MD, Greg Brown, MD, 
Raymond Magorien, MD, Michael Kutcher, MD, George Taylor, MD, William T. Maddox, MD, 
W. Barten Campbell, MD, James Perry Jr., MD, James F. Spann, MD, George Vetrovec, MD, 
Richard Kent, MD, and Paul W. Armstrong, MD 


The hypothesis that an infusion of recombinant 
tissue-type plasminogen activator (rt-PA) main- 
tained for wp to 24 hours could prevent reocclu- 
sion after early coronary patency had been estab- 
lished was evaluated in patients with acute myo- 

cardial infarction. The rt-PA studied was an 

“investigational double chain rt-PA (Duteplase®, 
Burroughs Wellcome Co.), administered according 
to body weight. Coronary patency was document- 
ed in 139 of 213 patients who had 90-minute an- 
giograms recorded after an initial lytic dose of rt- 


PA. In these responders a further 90-minute infu- 


sion at one third the initial lytic dose was given 
before assignment to 1 of 4 maintenance dose 
rates (0.012, 0.024, 0.036, 0.048 MIU/kg/hour) 
“which were continued for the subsequent 9 to 21 
hours. The principal end point was the status of 
the infarct-related coronary artery 12 to 24 hours 
after the start of therapy, and before termination 
of rt-PA, in patients with initially patent vessels at 
90 minutes. 

Of the 103 responders with repeat angiograms 
after a 9 to 21 hour maintenance infusion of rt- 
PA, a total of 17 (16.5%) patients reoccluded 
across all doses administered. There was no sig- 

nificant relationship between the maintenance 
‘dose rate and the incidence of reocclusion. How- 
ever, there was strong association between total 
dose of rt-PA administered and the incidence 
(16%) of serious or life-threatening bleeding ex- 
elusive of surgery. Other factors associated with 
serious bleeding included low body weight, female 

“gender, and total duration of rt-PA infusion. Re- 
occlusion was independent of the 90-minute 
Thrombolysis in Myocardial Infarction trial perfu- 
sion grade and diameter of infarct vessel. Reth- 
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23, 1991, 

Address for reprints: Paul W, Armstrong, MD, Division of Cardiol- 
ogy, St. Michael's. Hospital, 30 Bond Street, Room 712B, Toronto, 
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rombosis after establishment of early patency af- 
ter rt-PA remains a significant problem that is un- 
affected by sustained rt-PA infusion in doses that 
can be tolerated. 

{Am J Cardiol 1992;69:1120-1127) 


eocclusion of the infarct artery after initially suc- 

cessful thrombolysis in acute myocardial infarc- 

tion remains a significant obstacle to preserving 
myocardial salvage. Marder and Sherry! suggested that 
rethrombosis after reperfusion occurs in inverse propor- 
tion to the plasma half-life of the thrombolytic agent 
used. In the case of recombinant tissue-type plasmino- 
gen activator (rt-PA), the drug's short half-life (3 to 5 
minutes) has stimulated investigations of maintenance 
infusions for up to 6 hours after establishing patency of 
the infarct artery. Two randomized angiographic stud- 
ies evaluating the efficacy of heparin versus. heparin 
plus rt-PA as maintenance infusions have yielded con- 
flicting results. Verstraete et al* found no benefit from a 
6-hour infusion of 30 mg of rt-PA after initial patency 
was demonstrated with 40 mg of rt-PA. Johns et al 
found a reduction in reocclusion with a 4-hour rt-PA 
infusion of 0.8 mg/kg after coronary patency was estab- 
lished following a lytic dose of 1 mg/kg. 

We hypothesized that the infusion of a novel rt-PA 
(Duteplase®, Burroughs Wellcome Co.) maintained for 
up to 24 hours, could prevent reocclusion. Several main- 
tenance doses of rt-PA were evaluated to identify the 
optimal hourly dose rate to prevent reocclusion. The 
dose of rt-PA in this study was administered according 
to patients’ body weight in an effort to minimize bleed- 
ing complications. The principal end point was the sta- 
tus of the infarct-related coronary. artery 12 to 24 hours 
after initiation of therapy, and before termination of rt- 
PA in those with initially patent vessels 90 minutes after 
therapy began. In addition, the efficacy of rt-PA given 
intravenously over 90 minutes in achieving coronary ar- 
tery perfusion in patients with acute myocardial infarc- 
tion:and the safety of prolonged infusions of rt-PA were 
also evaluated. Finally, a quantitative analysis of the se- 
verity of stenosis in the infarct-related artery was per- 
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formed to establish the predictive value of this measure- 
_ ment in estimating reocclusion risk in those arteries ini- 
‘tially patent. 


This was an open, parallel, multicenter trial. The 
protocol and consent form were approved by the appro- 
priate Institutional Review Board of each of the eleven 
participating institutions (see Appendix 1). 

Study population: Patients were recruited from 11 
participating North American centers over a 14-month 
period beginning July 24, 1986. Of the 223 patients en- 
tered into the study 183 were men and 40 were women 
(mean age of 54.5 years). There were 104 patients with 
anterior, 118 with inferior myocardial infarctions and 1 
patient was subsequently determined not to have had a 
myocardial infarction. 

Patients had to meet the following criteria to be eli- 
gible for the trial: age <75 years, ischemic chest pain 
consistent with myocardial infarction lasting 230 min- 
utes; in association with new ST-segment elevation of 
“22 mm in 2 inferior leads or in lead 1 and aVL, or 3 
mm in 22 anterior precordial leads; and completion of 
all screening procedures within 6 hours of the onset of 
chest pain. 

Exclusion criteria included the following: cardiogen- 
ic shock if systolic pressure could not be increased to 80 
mm Hg with vasopressors, left bundle branch block, 
previous aortocoronary bypass surgery, and obvious 
contraindications to thrombolytic therapy. 

«>> Thrombolytic therapy: The rt-PA (Duteplase) used 
a this study differs from alteplase by having a substitu- 
tion of methionine for valine at amino acid position 245 
in the Kringle 2 region. Duteplase also differs by having 
a specific activity (units of thrombolytic activity per mg 
protein) of 310,000 [U/mg compared with 580,000 
IU/mg for alteplase, and by existing in a double-chain 
rather than a predominantly single-chain form. For the 
purpose of this study, dose was expressed in units of 
thrombolytic activity designated MIU (million Interna- 
tional Units by a clot lysis assay). This rt-PA prepara- 
tion has: been previously shown to produce improvement 
; in global and infarct regional left ventricular function in 
acute myocardial infarction (4) and to have a similar 
effect on mortality as streptokinase i in the International 
` Study of Infarct Survival-3 study. 
. An initial 90-minute infusion (lytic dose) of Dute- 
plase was administered to 223 eligible patients with sus- 
pected AMI a mean of 3.4 hours (SD = 1.0 hour, range 
1 to 6 hours) from symptom onset. The goal of the first 
90-minute infusion was to establish coronary artery pa- 
tency upon which the influence of a maintenance rt-PA 
infusion on reocclusion could be evaluated. In the first 
45 patients, 0.3 MIU/kg was infused over 90 minutes 
as the lytic dose. After initial evaluation of the efficacy 
of this dose in producing 90-minute patency, the dose 
was increased to 0.42 MIU/kg over 90 minutes for the 
_ subsequent 178 patients. 
Tf perfusion of the infarct-related coronary artery 
was judged grade 2 or of the 3 Thrombolysis in Myo- 
-cardial Infarction Trial (TIMI), the patient was consid- 


ered a responder at 90 minutes and was given one third 
of the initial dose for the subsequent 90 minutes. After 
these 2 consecutive 90-minute infusions of ‘t-PA, re- 
sponders were then given a.continuous maintenance in- 
fusion of 0.012, 0.024, 0.036, or 0.048 MIU/kg/hour 
for the subsequent 9 to 21 hours. The assignment of 
maintenance dose was made centrally at Burroughs 
Wellcome Co. to balance the number of patients receiv- 
ing each dose and to evaluate the safety of lower doses 
across centers before proceeding to higher doses. A re- 
peat angiogram was recorded between 12 and 24 hours 
after rt-PA was begun and the infusion was discontin- 
ued after the repeat angiogram. 

Toward the end of this study, it became apparent 
that the incidence of serious bleeding (largely confined 
to the site of intravascular instrumentation) with pro- 
longed rt-PA infusions was higher than that in studies 
of shorter infusions. For this reason, the protocol was 
amended so that the last 25 patients studied received a 
shortened maintenance infusion of 3 hours (i.e. a re- 
duced total period of rt-PA administration of 6 hours). 
These patients still had their repeat angiograms record- 
ed at 12 to 24 hours with a drug-free period before their 
repeat angiogram. Because the original purpose of the 
study was to evaluate reocclusion when a maintenance 
infusion of rt-PA was maintained through a repeat an- 


giogram, the subset of 25 patients who received only 6 A : 
hours of rt-PA were analyzed separately for their inci oo. 


dence of reocclusion. 

Concomitant therapy: Lidocaine 1.0 to 1.5 mg/kg 
was given as a bolus before administration of rt-PA, and _ 
a lidocaine infusion of 2 mg/min was maintained for 48. 
hours, An intravenous bolus of heparin (5,000 IU) was 
administered at the time of the initial cardiac catheter- 
ization in all patients. A continuous infusion of heparin 
(1,000 TU/hour) was begun immediately after the 90- 
minute angiogram in responders and continued for 72 
hours. The heparin infusion rate was adjusted to main- 
tain the partial thromboplastin time approximately 
twice control. Aspirin therapy was not required by pro- 
tocol but was recommended before discontinuation of 
heparin. 

Clinical course: All patients were monitored clinical- 
ly and electrocardiographically. Special attention was 
directed toward bleeding complications, monitoring of 
hematologic indexes, and transfusion requirements. Se- 
rious bleeding was defined as bleeding from any source 
severe enough to require blood transfusion or to affect 
clinical status significantly. 

Percutaneous transluminal coronary angioplasty was 
allowed at the discretion of the attending physician in 
nonresponders at 90 minutes and in responders at the 
end of repeat coronary angiography following comple- 
tion of the maintenance infusion of rt-PA. Angioplasty 
was not permitted during rt-PA infusion in responders 
unless they had symptomatic recurrent ischemia. 

Coagulation studies: In a subset of patients, blood 
was collected in tubes containing 3.8% citrate and either 
200 KIU/ml aprotinin or polyclonal antibody to rt-PA 
at baseline, 90 minutes, and at 4, 12, 24 and 48 hours. 
Fibrinogen was quantified using the sulfite precipitation 
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assay.° Fibrinogen degradation products were measured 
by a modified Thrombo-Wellcotest method. 

Angiographic assessment: Angiographic data were 
independently evaluated through consensus reading of 2 
experienced observers at a core laboratory at the Uni- 
versity of Washington in Seattle. The evaluators had no 
knowledge of the clinical status of the patients or of rt- 
PA dose. A TIMI perfusion grade’ was assigned for the 
90-minute angiogram, and a second perfusion grade 
was assigned for patients who underwent repeat angiog- 
raphy after administration of one of the assigned rt-PA 
maintenance infusion regimens. Quantitative angiogra- 
phy was performed by projecting the 90-minute images 
at high magnification and manually digitizing the lu- 
men borders of the infarct lesion with subsequent digiti- 
zation from the best view.’ Lesion measurements in- 
cluded lumen diameter at the point of greatest narrow- 
ing of the densely opacified recanalized lumen and 
percent diameter reduction. 

Data analysis: Efficacy results were analyzed using 
perfusion grades determined by the core angiographic 
laboratory with the exception of 6 patients who under- 
went an emergency repeat catheterization and had only 
local data for their second angiogram. Bleeding was 
summarized by the number of patients with at least 1 
episode of serious, life-threatening or fatal bleeding. 
Data analysis involved the use of Fisher’s exact test, 
Cochran-Mantel-Haenszel rank correlation test, and lo- 


PT ape 
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gistic regression analysis as appropriate. All p values re- 
ported are 2-tailed. 


RESULTS 

In Figure 1 a summary of study treatments and out- 
comes including angiographic results is provided. Ten 
patients who had either no core laboratory reading for a 
90-minute angiogram (9 patients) or did not have the 
disease of interest (1 patient) were excluded from the 
analysis of 90-minute patency. 

The angiographic core laboratory unaware of the 
clinical characteristics determined that 139 patients had 
TIMI perfusion grade 2 or 3 (responders) at 90 min- 
utes. The response rate in the first 45 patients who re- 
ceived a 90-minute lytic infusion of 0.30 MIU/kg was 
56% (95% confidence interval [CI] 40 to 71%) and the 
response rate in the subsequent 178 patients who re- 
ceived 0.42 MIU/kg was 68% (95% CI 60 to 74%) 
(p = not significant). 

In 11 of the 139 responders, repeat angiograms were 
unavailable. Of the 128 responders with repeat angiog- 
raphy, 103 had the long (9 to 21 hours) maintenance 
infusion and 25 had the short (3 hours) maintenance 
infusion. Urgent angiography earlier than scheduled 
was performed in 5 patients who received the long infu- 
sion and in 1 patient who had the short infusion. Of the 
patients with early unscheduled angiography, 4 had ur- 
gent catheterization for suspected reocclusion, 1 had 
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temporary cardiopulmonary resuscitation for cardiac 
arrest, and another had bleeding that led to termination 
of the infusion. These patients were all included in the 
analysis of reocclusion. 

Mean duration of the maintenance infusion (begin- 
ning 3 hours after the initiation of rt-PA) in the long 
infusion group was 14.2 hours (SD = 4.7 hours), and in 
the short infusion group 3.1 hours (SD = 0.2 hour). The 
number and percentage of patients in whom reocclusion 
occurred in each maintenance dose group are also 
shown in Figure 1. A Cochran-Mantel-Haenszel rank 
correlation test revealed no significant relation between 
maintenance dose rate and the rate of reocclusion in the 
long or short infusion group. Across all doses, 17 or 
16.5% (95% CI 10 to 25%) of patients receiving the long 
maintenance infusion, and 1 of the 25 or 4% (95% CI 0 
to 20%) receiving the short maintenance infusion had 
reocclusion (p = 0.20). 

Factors that may have influenced the rate of reoc- 
clusion: Patients who received a long maintenance infu- 
sion are classified as to whether they had reocclusion or 
remained patent after rt-PA infusion in Figure 2, and 
then compared according to their initial lytic dose, total 
dose and length of maintenance infusion. There was no 
apparent association between risk of reocclusion and 
any of these variables. 

In Figure 3, the impact of the initial perfusion status 
of the infarct-related coronary artery as assessed by 
TIMI perfusion grade and quantitative coronary angi- 
ography is depicted according to whether patients had 
reocclusion despite a maintenance infusion or remained 
patent. Again, there was no difference as it related to 
any of these parameters, nor did the risk of reocclusion 
vary according to which coronary artery was involved. 
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Coagulation data: In Table I a summary of fibrino- 
gen values (sulfite precipitation method) is provided in 
the subset of 73 patients who had plasma collected in 
the presence of aprotinin or polyclonal antibody to rt- 
PA to prevent in vitro artifact. 

In Table II a summary of fibrinogen degradation 
product values (ug/ml) is provided in the subset of 75 
patients who had plasma collected in the presence of 
aprotinin or polyclonal antibody to rt-PA. For almost all 
of the patients, only mild elevation of fibrinogen degra- 
dation products occurred between 90 minutes and 12 
hours. 

Bleeding: No patients experienced bleeding which 
resulted in death and there were no instances of central 
nervous system bleeding. At least 1 unit of blood for 
serious bleeding exclusive of surgery was required in 
16% of patients (35 of 223). The transfusion require- 
ment was related almost entirely to bleeding at sites of 
intravascular instrumentation. Patients who required 
transfusion had a significantly lower average body 
weight (76.5 kg) than those who did not require trans- 
fusion (82.5 kg, p <0.05). In addition, the proportion of 
women requiring transfusion (14 of 40, 35%, 95% CI 20 
to 50%) was significantly greater than the proportion of 
men requiring transfusion (21 of 183, 11%, 95% CI 7 to 
16%; p <0.01). In a logistic model in which gender is 
the only predictor, the odds ratio for the association of 
female sex with serious life-threatening bleeding is 2.78 
(95% CI 1.28 to 6.06). When total dose, infusion dura- 
tion and body weight are also controlled for, the odds 
ratio is 2.59 (95% CI 1.04 to 6.48). In the subset of 
patients with fibrinogen measured in the presence of an 
inhibitor of in vitro artifact, those with serious bleeding 
(n = 10) tended to have a slightly lower mean minimal 


+4 = N D 
O a oO a 
T T T 


rt-PA Infusion Length (hrs) 
oO 











Maintenance 


Infusion 
Length 


FIGURE 2. A, impact of dose of recombinant tissue-type plasminogen activator (rt-PA) infusion on risk of reocclusion. Data are 
represented in box and whisker format. Patients who received a long maintenance infusion and had reocclusion (n = 17) are in- 
dicated by hatched boxes; patients who had residual patency of infarct-related coronary arteries (n = 86) are indicated by open 
boxes. B, impact of length of rt-PA infusion on risk of reocclusion. Data are represented as in Figure A. 
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TABLE I Percent Baseline of Fibrinogen Remaining 


No. of 
Pts. 





Scheduled Time 





393 + 12.8 mg/dl 
92 + 1.8% 
88 + 2.4% 
76 + 2.1% 
77 + 2.9% 
100 + 3.4% 


Data represent mean + SEM for baseline and percent remainder for all subsequent 
times. 


Baseline 73 
90 minutes 67 
4 hours 68 
12 hours 66 
24 hours 64 
48 hours 60 









TABLE II Summary of Fibrinogen Degradation Products 
(ug/ml) 


Scheduled No. of 
Time Pts. 


25th 75th Maxi- 
Minutes Percentile Median Percentile mum 


Baseline 75 
90 minutes 69 
4 hours 70 
12 hours 68 
24 hours 66 
48 hours 60 








fibrinogen value between 90 minutes and 48 hours than 
did patients without serious bleeding (n = 61) (244 vs 
276 mg/dl, p = 0.22). 

Figure 4A depicts the relation between total does of 
rt-PA and the percentage of patients with serious or 
life-threatening bleeding complications. Figure 4B illus- 
trates the relation between infusion duration and per- 
centage of patients with serious or life-threatening 
bleeding complications. Total dose of rt-PA and infu- 
sion duration were highly correlated variables (p < 





% Patients 








0.001), and both were associated with an increased risk 
of serious or life-threatening bleeding (p <0.001). A lo- 
gistic regression model was used to evaluate the relative 
contributions of total dose and infusion duration to the 
incidence of serious and life-threatening bleeding. After 
adjustment for the contribution of total dose, infusion 
duration still contributed significantly to the predic- 
tion of serious and life-threatening bleeding (p <0.01). 
There was, however, no significant contribution of total 
dose to these events after adjustment for the contribu- 
tion of infusion duration. 

Percutaneous coronary angioplasty: Of the 108 pa- 
tients who underwent percutaneous coronary angio- 
plasty during hospital admission, 42 of the 74 nonre- 
sponders (57%) had percutaneous coronary angioplasty, 
compared with 66 of the 139 responders (47%). Percu- 
taneous coronary angioplasty was not permitted in re- 
sponders until the time of repeat catheterization unless 
they were clinically unstable. An additional 34 patients 
underwent coronary artery bypass surgery: 4 patients 
(5%) with TIMI 0 or 1 at 90 minutes underwent coro- 
nary artery bypass graft surgery, compared with 30 pa- 
tients (22%) with TIMI 2 or 3 at 90 minutes. 

Mortality: During hospitalization, 20 patients (9.0%) 
died. No significant difference occurred in the death 
rate between responders (10 of 139 or 7.2%) and nonre- 
sponders (7 of 74 or 9.5%). 


DISCUSSION 

The principal novel findings in this study are: (1) 
Reocclusion is not prevented by sustained rt-PA mainte- 
nance infusions over a wide dose range. (2) A patency 
rate of 68% was demonstrated after a 90-minute contin- 
uous infusion of double chain rt-PA (Duteplase, Bur- 
roughs Wellcome) in a dose of 0.42 MIU/kg. (3) A 
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clear relationship between both total dose and duration 
of infusion of rt-PA on serious and life-threatening 
bleeding complications was seen. 

Reocclusion: To assess reocclusion, this study used a 
maintenance infusion of rt-PA of a longer duration than 
any study reported, and the infusion was maintained 
throughout a repeat angiogram. However, in the dose 
range studied, it was not possible to prevent infarct ar- 
tery reocclusion. Contrary to some previous reports, but 
in agreement with others, it did not appear that either 
the TIMI perfusion grade or minimal diameter of the 
infarct vessel influenced the risk of reocclusion.?:!° Al- 
though the final 25 patients studied with a short main- 
tenance infusion were not evaluated in a randomized 
manner but rather studied sequentially, as mandated by 
the protocol amendment, their incidence of reocclusion 
was small, i.e., 4%, and comparable to that reported by 
Johns and co-workers? in a series of 25 patients who 
were treated with a 4-hour maintenance rt-PA infusion 
after patency was established with a lytic dose. Al- 
though caution should be exercised in comparing the 
short and long maintenance infusion groups in our 
study, the possibility exists that a long maintenance in- 
fusion actually accentuated rather than attenuated the 
propensity for coronary reocclusion. 

If continuing thrombolysis is a requirement for the 
prevention of reocclusion, why were we unable to show 
evidence for prevention of reocclusion in our study? It 
is now appreciated that residual thrombus following 
thrombolytic therapy is a strong thrombogenic stimulus 
that leads to both an increase in platelet aggregation 
and thrombin activity.!! It is conceivable that the main- 
tenance infusion of rt-PA in this study was associated 
with re-release of clot-bound thrombin, potentiating the 
formation of new clot. Maintenance doses of rt-PA 
higher than those used in this study may have been 
more successful in lysing this new clot, but would likely 
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FIGURE 4. Relation between total dose of recombinant tissue-type 


plasminogen 
(n = 223) with serious or life-threatening bleeding complications (p <0.001). Patients are 
dose (MIU/kg). B, relation between total rt-PA infusion duration and percentage of 


ening bleeding complications (p <0.001). 


be associated with a higher incidence of hemorrhagic 
complications, given the association between total dose 
of rt-PA and serious bleeding. 

A variety of local and systemic factors, unmeasured 
in the current study, may be additional modulators of 
an individual patient’s propensity to reocclude the in- 
farct-related coronary artery after successful thrombol- 
ysis. These include denudation of the infarct-related 
coronary artery at the site of plaque fissuring with sub- 
sequent collagen exposure, residual thrombus and distal 
embolization, and reperfusion injury to coronary artery 
endothelium. Intraplaque hemorrhage aggravated by a 
long infusion of rt-PA also might have contributed to a 
higher likelihood or reocclusion. Vasospasm mediated 
either locally or systemically may also be operative.!? 
Unmeasured indicators of coagulation activity such as 
fibrinopeptide-A might have yielded additional insights 
into reocclusion in this study.!3 

Thrombolytic efficacy, bleeding and coagulation 
factors: The thrombolytic efficacy of this new double- 
chain rt-PA preparation compares favorably with that 
previously reported for rt-PA. Likewise, the propensity 
for significant bleeding and transfusion requirements, at 
least in patients requiring intravascular cannulation, is 
comparable to other studies. Total dose and especially 
the duration of rt-PA infusion in this study were predic- 
tors of serious bleeding. High doses of rt-PA and long 
infusions could contribute to an extravascular deposition 
of rt-PA, thereby prolonging its effect. Similarly, in- 
creased duration of rt-PA exposure to the endothelium 
and platelets may contribute to occupancy of a larger 
proportion of rt-PA-binding sites on both endothelial 
and platelet surfaces. Although there was a substantial 
incidence of serious bleeding in this study, it was consid- 
ered life-threatening in only 1 patient. Moreover, there 
was no central nervous system bleeding; in most in- 
stances of serious bleeding, the sites were related to vas- 
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cular cannulation mandated by the study protocol. In 
concert with previous reports and despite dosing by 
body weight, the female gender proved to be an inde- 
pendent risk factor for hemorrhage.'*!5 Although dif- 
ferences in tissue turgor might account for the hemor- 
rhagic predilection in women, the basis for this finding 
remains unclear and is worthy of further investigation. 


ately. 


APPENDIX—Clinical Sites 


Investigator(s) 


John Kalbfleisch, MD (PI) 
Richard C. Slagle, MD 
David L. Brewer, MD 
Mark J. Friedman, MD 

C. William McEntee, MD 
Robert D. Okada, MD 
James R. Higgins, MD 


Udho Thadani, MD (PI) 
Charles Robinson, MD 
Patrick McKee, MD 
Philip Comp, MD 
Edwin Olson, MD 

Eliot Schechter, MD 
Dwight Reynolds, MD 


Paul W. Armstrong, MD (PI) 
Rudolph Canepa-Anson 
Luigi Casella 

Robert Chisholm 

Michael Freeman 


Raymond Magorien, MD 
(PI) 


Michael Kutcher, MD (PI) 


George Taylor, MD (PI) 


William T. Maddox, MD (PI) 


W. Barton Campbell, MD 
(PI) 


James Perry Jr., MD (PI) 


Mervyn B. Forman, MD 
James F. Spann, MD (PI) 


George Vetrovec, MD (PI) 


Study Nurse 


Sherill Kerner-Slemons, RN 
Victoria Wagner, RN 


Mary Bass, RN 
Chris Carter, RN 
Dodie Thompson 


Christine Beck, RN 


Cindi Klein, RN 


Debbie Wesley, RN 
Vicki Plyler, PA 


Debbie Davis, RN 


Debbie Jones, RN 


Susan Bonhotal, RN 


Rita Chesley, RN 


Colleen Neal, RN 


Ginger Edwards, RN, FNP 
Sharon Cole, RN 


Despite infusions of rt-PA for up to 24 hours in this — 
study, fibrinogen was relatively well preserved, and fi- 
brinogen degradation products increased only moder- 


Rethrombosis after establishment of early patency 
after rt-PA remains a significant problem which is un- 
affected by sustained rt-PA infusion in doses that can 


Institution 


Cardiology of Tulsa 
Saint Francis Hospital 
Tulsa, OK 


University of Oklahoma 
Health Science Center 
Oklahoma City, OK 


St. Michael's Hospital, 
Toronto, Canada 


Division of Cardiology 

Ohio State University Hospi- 
tal 

Columbus, OH 


Dept. of Medicine-Cardiol- 
ogy 

Bowman Gray School of 
Medicine 

Winston-Salem, NC 


Prairie Cardiovascular Cen- 
ter 

St. John’s Hospital 

Springfield, IL 


Asheville Cardiology Assoc., 
P.A. 
Asheville, NC 


Department of Cardiology 
St. Thomas Hospital 
Nashville, TN 


Vanderbilt University 
Nashville, TN 


Medical University of 
S. Carolina 
Charleston, SC 


Medical College of Virginia 
Richmond, VA 


Core Laboratories 


Angiographic Core Laboratory 
Florence Sheehan 
Greg Brown 


Hematology Core Laboratory 
Philip C. Comp, MD, PhD 
Toppy Nelson 
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University of Washington School of Medicine 


Seattle, Washington 


University of Oklahema Health Sciences Centre 


Oklahoma City, Oklahoma 
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be tolerated. Future strategies using other techniques 
such as adjunctive therapy with specific antithrombin 
agents deserve exploration. 
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Differential Long-Term Impact of In-Hospital 
Symptoms of Psychological Stress After 
Non-Q-Wave and Q-Wave Acute 


Myocardial Infarction 


Nancy Frasure-Smith, PhD, Francois Lespérance, MD, and Martin Juneau, MD 


Because of their unstable pathophysiology, it was 


hypothesized that patients with non-Q-wave acute 
myocardial infarctions (AMI) would be more vul- 
nerable to the negative effects of psychological 
stress than patients with Q-wave AMI, and thus 
would be more likely to benefit from programs 
aimed at relieving stress. This hypothesis was 
tested through secondary analysis of data from a 
1-year randomized clinical trial of psychological 
stress monitoring and intervention after AMI. Af- 
ter discharge, treatment group patients were tele- 
phoned each month and asked to respond to an in- 
dex of psychological stress symptoms (General 
Health Questionnaire GHQ-20). Those with high 
stress symptoms (GHQ >5) received home nursing 
visits. Control group patients received usual care. 
The sample consisted of 461 men, aged 31 to 86 
years, who responded to the GHQ-20 before hos- 
pital discharge. Patients were followed for 5 years 
using record data. There were 321 Q-wave AMis, 
112 non-Q-wave AMis and 28 indeterminate elec- 
trocardiograms. Life-table analyses showed that 
among patients with non-Q-wave AMis receiving 
usual care, high stress in the hospital (GHQ >5) 
was associated with a 1-year relative risk (RR) of 
cardiac mortality of 5.49 + 1.39 (p = 0.01). In 
comparison, control patients with Q-wave Mis had 
no stress-related increase in risk (RR = 0.41 + 
2.08, p = 0.40). In the treatment group, the pa- 
tients with non-Q-wave AMis did not experience 
an increase in risk associated with high stress 
(RR = 1.80 + 1.79, p = 0.52). Further, this pat- 
tern of results was not altered by adjustment for 
covariates including previous history of AMI. In 
conclusion, the link between psychological stress 
and cardiac events is more apparent among pa- 
tients with non-Q-wave than Q-wave AMI, and 
therefore stress-relieving interventions may be of 
particular value after non-Q-wave AMI. 

(Am J Cardiol 1992;69:1128-1134) 
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ecent studies have suggested a link between psy- 
chological status following an acute myocardial 
infarction (AMI) and long-term prognosis.'~3 
For example, secondary analyses of data from the 461 
men involved in the Ischemic Heart Disease (IHD) Life 
Stress Monitoring Program,” a randomized clinical trial 
of a 1-year program of education and support following 
AMI, indicated that high levels of psychological symp- 
toms of stress in the hospital have a long-term negative 
prognostic impact. Patients who had elevated scores on 
a measure of cognitive behavioral symptoms of psycho- 
logical stress (the General Health Questionnaire GHQ- 
20*) and who received usual care had a more than two- 
fold increase in risk of cardiac mortality over 5 years 
(p = 0.018), and this risk remained even after control 
for other cardiac risk factors. Further, patients who 
took part in the treatment program did not experience a 
significant stress-related increase in long-term risk. 
Perhaps the best documented model linking psycho- 
logical status and cardiac outcome following AMI in- 
volves the combined impact of autonomic nervous sys- 
tem changes and myocardial ischemia on an infarct- 
damaged myocardium.>-7 Thus, patients’ vulnerability 
to psychological stress may be related to underlying 
ischemic risk. Work by Bissett et al,8 as well as Gibson’s 
team,’ has shown that patients with non-Q-wave AMIs 
have greater areas of residual surviving tissue in the in- 
farct-affected zone than do patients with Q-wave infarc- 
tions. In this context it seems reasonable to suggest that 
patients with non-Q-wave AMI might also be more vul- 
nerable to the negative effects of psychological stress, 
and thus might benefit more from programs like the 
IHD Life Stress Monitoring Program. Thus, we hy- 
pothesized that, in the absence of supportive/educa- 
tional interventions, non-Q-wave patients would be 
more susceptible to the negative impact of psychological 
stress than Q-wave patients. 


METHODS 

Treatment program: The details of the IHD Life 
Stress Monitoring Program have been described else- 
where.'°-!2 In brief, the study involved a randomized, 
clinical trial of a 1-year program of monthly telephone 
monitoring of psychological stress symptoms coupled 
with home nursing visits for post-AMI patients report- 
ing high levels of these symptoms during monthly moni- 
toring calls. Patients in the treatment condition were 
telephoned at 1 week after discharge, and every month 
thereafter, and asked to respond to a standardized mea- 
sure of psychological symptoms of stress, the GHQ-20. 
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TABLE I Frequency of Outcome Events at One and Five Years After AMI According to 
Treatment Group, AMI Type and Level of In-Hospital Stress* 


Control Patients 


Non-Q-Wave Q-Wave 


Treatment Patients 





Non-Q-Wave Q-Wave 


(year) (year) (year) (year) 








Total patients 
High stress 
Low stress 
Patients with known 
survival status 
High stress 21 21 37 
Low stress 32 er 123 
Cardiac mortality 
High stress 
Low stress 3 (9.4) 
Out-of-hospital 
mortality 
High stress 7 (33.3) 8 (38.1) 1 (2.7) 
Low stress 1 (3.1) 2(7.4) 5(16.1) 


9 (42.9) 11 (52.4) 1 (2.7) 
5 (18.5) 8 (6.5) 


31 16 13 46 41 
110 41 35 112 103 


9 (29.0) 2(12.5) 2(15.4) 0(0.0) 6 (14.6) 
19 (17.3) 3(7.3) 5(14.3) 6(5.4) 22 (21.4) 


5 (4.1) 2(12.5) 2(15.4) 0(0.0) 6(14.6) 
14 (12.7) 2(4.9) 3(8.6) 2(1.8) 10(9.7) 








*Numbers in parentheses represent the percentage of patients with known survival status who had each type of outcome. 


AMI = acute myocardial infarction. 








This index, originally designed to identify general prac- 
tice patients most likely to benefit from psychiatric 
treatment, asks patients about the recent occurrence of 
20 cognitive behavioral symptoms that people undergo- 
ing life stresses frequently report, such as difficulty 
sleeping, feelings of inadequacy and inability to concen- 
trate. Because GHQ-20 scores tend to fluctuate in rela- 
tion to difficulties in day-to-day adaptation to life cir- 
cumstances, the scores are interpreted as a reflection of 
current levels of life stress rather than psychiatric illness 
per se.? Exploratory research using the GHQ-20 among 
post-AMI patients!? led to the selection of a GHQ score 
of 25 of the 20 symptoms as the cutoff point for identi- 
fying high levels of psychological symptoms of stress. 
Thus, patients reporting =5 symptoms at any monitor- 
ing phone call were considered to be high stress patients 
in need of nursing interventions. Nursing interventions 
took place at patients’ homes and involved combinations 
of support, education and referral which were individ- 
ually tailored in terms of content, frequency and timing 
to the particular problems of each high stress patient. 
Interventions continued until a patient’s monthly stress 
symptom score had decreased to below the cutoff point 
and the project team (consisting of a psychiatrist, a psy- 
chologist and project nurses) believed that no additional 
intervention was indicated. About half of the treatment 
group patients had monthly GHQ scores high enough to 
require nursing visits, and the average patient who re- 
ceived nursing interventions received 5 to 6 hours of 
nursing contact over 5 to 6 months. 

Sample: Five hundred thirty-nine men recovering 
from a documented AMI in 3 McGill University teach- 
ing hospitals between November 1977 and May 1981 
were randomly assigned to receive the treatment pro- 
gram or usual care. Informed consent was provided by 
83% of those assigned to the treatment condition and 
39% of those assigned to usual care. The final sample of 
461 consenting patients ranged in age from 28 to 86 


years (average 58). Seventy-five percent had not attend- 
ed a university, and all but 18% were married or living 
with someone. Seventy percent had Q-wave AMIs, and 
16% had experienced at least 1 previous infarction. 

Data collection: Patients were interviewed in the 
hospital soon after discharge from coronary intensive 
care. Interviews included the GHQ-20 as well as a vari- 
ety of questions concerned with medical history, behav- 
ioral risk factors for AMI, and demographic and psy- 
chosocial variables. Data on medical factors thought at 
the time of the original \tudy to be important prognostic 
indicators'* were obtaiied from hospital charts. Surviv- 
al status at 1 and 5 years after the intake AMI was 
obtained from hospital records, Quebec Medicare data 
and death certificates. Details of the coding procedures 
for this data are provided in previous publications. !%!! 
At the end of the trial, 1-year outcome data were avail- 
able for 98% of the randomized sample (including the 
27 treatment group patients who withdrew). Five-year 
outcome data were available for 88% of the original pa- 
tients (Table I). In addition, to be able to assess the 
present hypothesis concerning the impact of psychologi- 
cal stress following non-Q-wave and Q-wave infarctions, 
the original data set was augmented with data on the 
type of AMI. Intake and discharge electrocardiograms 
were obtained from patients’ hospital charts and blindly 
coded for the presence of Q waves using the modified 
Minnesota codes used in the Diltiazem Reinfarction 
Study.!> Only 28 of the 461 patients (6.1%) had electro- 
cardiograms which could not be coded for Q waves be- 
cause of technical factors (e.g., pacemakers, left bundle 
branch block). 

Data analysis: To test the hypothesis of interest, pa- 
tients were divided into 8 subgroups based on the vari- 
ables of in-hospital level of symptoms of psychological 
stress (high/low), AMI-type (non-Q/Q) and treatment 
group (treatment/control). Patients were classified as 
having high versus low levels of psychological stress 
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TABLE II One-Year Stress-Related Relative Risks* (with 95% confidence intervals) for 
Cardiac Mortality and Out-of-Hospital Mortality Among Control and Treatment Patients with 
Non-Q-Wave and Q-Wave AMI 


Relative Risk 
of Cardiac Mortality 


Raw 


5.49 (+1.39) 
p=0.011 
0.41 (+2.08) 
p= 0.40 
1.80 (+1.79) 
p=0.52 


Non-Q-wave 

control patients 
Q-wave 

control patients 
Non-Q-wave 

treatment patients 
Q-wave 

treatment patients 


*Based on Cox proportional hazards regression analysis. 


Adjustedt 


4.24 (+1.33) 
p = 0.033 
0.26 (+2.15) 
p = 
2.16 (+1.94) 
p= 
Not calculable 


Relative Risk 
of Out-of-Hospital Mortality 


Raw Adjustedt 


12.60 (+2.10) 
p = 0.018 
0.65 (+2.15) 

p = 0.69 

2.70 (+1.96) 2.33 (+2.08) 

p = 0.32 p = 0.42 
Not calculable§ 


9.41 (+2.13) 
p = 0.039 
0.43 (+2.29) 
0.22 p = 0.47 


0.44 


+See text for a description of covariates for which adjustment was made. 
+There were no cardiac deaths during the first year among high-stress Q-wave patients in the treatment group. 
§There were no out-of-hospital deaths during the first year among high-stress Q-wave patients in the treatment group. 


AMI = acute myocardial infarction. 


TABLE Ill Five-Year Stress-Related Relative Risks* (with 95% confidence intervals) for 
Cardiac Mortality and Out-of-Hospital Mortality Among Control and Treatment Patients with 


Non-Q-Wave and Q-Wave AMI 


Relative Risk 
of Cardiac Mortality 


Raw 


4.32 (+1.06) 
p = 0,0068 
1.65 (+0.79) 
p=0.21 
1.08 (+1.64) 
p = 0.93 
0.63 (+0.90) 
p = 0.32 


*Based on Cox proportional hazards regression analysis. 


Non-Q-wave 

control patients 
Q-wave 

control patients 
Non-Q-wave 

treatment patients 
Q-wave 

treatment patients 


Adjustedt 


3.53 (+1.08) 
p = 0.022 
1.45 (+0.86) 
p=0.39 
1.22 (+1.85) 
p = 0.83 
0.63 (+0.91) 
p = 0.33 


Relative Risk 
of Out-of-Hospital Mortality 


Raw Adjustedt 


6.17 (+1.57) 
p = 0.023 
1.47 (+1.05) 
p = 0.47 
1.84 (+1.92) 
p = 0.53 
1.38 (+1.03) 
p = 0.54 


7.66 (+1.55) 
p = 0.010 
1.25 (+1.02) 
p = 0.67 
1.79 (+1.79) 
p= 0.52 
1.40 (+1.01) 
p = 0.52 


+See text for a description of covariates for which adjustment was made. 


AMI = acute myocardial infarction. 


symptoms on the basis of their in-hospital GHQ scores. 
As in previous publications,'®'! patients with in-hospital 
GHQ scores 25 were classified as having high stress 
and those with scores <5 were classified as having low 
stress. The number of patients in each cell whose surviv- 
al status was known at the end of the first and fifth 
years is shown in Table I along with the actual number 
of outcome events. 

Data analysis focused on the time from the index 
infarct to each of 2 outcomes (cardiac mortality, and 
out-of-hospital mortality, a proxy measure of sudden 
death) over 2 time intervals (the first year after infarct, 
and the 5-year follow-up period). For each outcome and 
time period the Kaplan-Meier survival curves for the 8 
subgroups based on stress, AMI type and treatment 
group were compared using the generalized Mantel-Cox 
test (BMDP Program P1L!6). For patients lost to fol- 
low-up, censoring took place on the last day on which 
the patient was known to be living. Significant interac- 
-tions were further explored using a series of 2 by 2 sur- 
vival curve comparisons to assess the hypothesized dif- 
ferences. The results of these analyses appear in Table 
II for the 1-year outcome data and in Table III for the 
outcomes over 5 years. 
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Because analysis in terms of the 3 major indepen- 
dent variables resulted in small sample sizes in some 
cells (Table I), we restricted our analyses for covariate 
control to 3 psychosocial variables (education, occupa- 
tion, marital status) plus those cardiac variables in the 
data set shown in published reports to be the most im- 
portant predictors following either non-Q-wave or Q- 
wave AMI, or to differentiate the 2 groups (age, previ- 
ous AMI, congestive heart failure, ventricular arrhyth- 
mias, ST elevation at discharge, AMI recurrence in 
hospital, creatinine phosphokinase level, and prescrip- 
tion of B blockade at discharge).!’-2? Although diltia- 
zem has been shown to have an impact on prognosis 
after non-Q-wave AMI,!> this medication was not in 
common use at the time of the study, and no patient 
received it. In addition, although some patients were 
prescribed 6 blockers, and this variable has been includ- 
ed in the analyses, data collection took place before the 
results of the Beta-Blocker Heart Attack Trial were 
available,22 and 8 blockers were not routinely pre- 
scribed. Whereas there is no evidence of any prognostic 
impact associated with the use of minor tranquilizers 
after an AMI, the present focus on the prognostic im- 
portance of psychological stress led us to include this 
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TABLE IV Significant* Independent Multivariate Predictorst of One- and Five-Year Cardiac 
Mortality and Out-of-Hospital Mortality Among Control and Treatment Patients with 
Non-Q-Wave and Q-Wave AMI 


Cardiac 
Mortality 


Out-of-Hospital 
Mortality 


5-Year 


Cardiac 
Mortality 


Out-of-Hospital 
Mortality 





Non-Q-wave Previous AMI 
control patients 
Q-wave 
control patients 
Non-Q-Wave 0 0 
treatment patients 
Q-wave 
treatment patients 


Previous AMI 


ST elevation at hospi- 0 
tal discharge, minor 
tranquilizers 


*p < 0.05 for all variables listed. 


CHF 


Age, B 
Blockade 





Previous AMI Previous AMI 

Age, B Blockade, 
Previous AMI 

CHF 0 


Age, B 
Blockade 


CHF 0 


tBased on Cox proportional hazards regression analysis for combined high- and low-stress patients in each AMI-type/ 


treatment group. 


AMI = acute myocardial infarction; CHF = congestive heart failure. 


variable. Complete data on all background variables 
of interest were available for 424 of the 431 subjects 
with codeable electrocardiograms (98.1% of non-Q- 
wave control, 96.4% of non-Q-wave treated, 97.5% of 
Q-wave control, 98.7% of Q-wave treated patients). 
To select appropriate covariates for control in each 2 
by 2 comparison, 2 steps were taken. First, to identify 
baseline differences in background characteristics that 
may have been responsible for any outcome differences 
observed between high- and low-stress patients, those 
with high and low stress in each AMI-type/treatment 
group were compared on all background variables using 
chi-square statistics for categoric variables (continuity 
corrections were applied for comparisons with expected 
frequencies of <5 in any cell) and independent ¢ tests 
for continuous variables. All tests were 2-tailed. Second, 
to identify the significant (p <0.05) multivariate predic- 
tors (other than stress) for each outcome in each AMI- 
type/treatment group, all covariates listed above (ex- 
cept for in-hospital stress) were entered into a separate 
Cox proportional hazards stepwise regression”? for each 
outcome and each AMI-type/treatment group. Back- 
wards elimination was used using the Peduzzi, Hardy 
and Holford method of computation (BMDP Program 
P2L).'° The significant multivariate predictors of out- 
comes that emerged from these analyses are listed in 
Table IV. Finally, to assess the independent impact of 
in-hospital stress in each AMI-type/treatment group, 
all significant multivariate predictors for each outcome 
plus the significant baseline imbalances between high- 
and low-stress patients in each AMI-type/treatment 
group were first forced into a regression for each out- 
come followed by in-hospital stress. The covariate-ad- 
justed relative risks associated with high levels of psy- 
chological stress are listed in Tables II and III. 


RESULTS 

The Mantel-Cox tests for all 8-group survival curve 
comparisons involving the interaction of in-hospital 
stress, type of AMI and treatment/control group were 
significant at p <0.001. Therefore, the 2 by 2 compari- 
sons described in the following sections were performed 








to examine high- and low-stress contrasts within each 
AMI-type/treatment group. 

Impact of high stress in the non-Q-wave control 
group: The patients with non-Q-wave AMI who had 
high levels of psychological stress symptoms in the hos- 
pital and received usual care after discharge showed a 
marked increase in risk of cardiac mortality compared 
to patients with low in-hospital GHQ scores (Table II). 
High- and low-stress non-Q-wave patients in the control 
group did not differ significantly with regard to any of 
the baseline variables, and adjustment for the signifi- 
cant multivariate predictors in each cell (Table IV) did 
not alter the level of risk. Further, while the stress-relat- 
ed increase in risk was significant over the entire 5-year 
period, it was most marked during the first year after 
AMI (Figure 1). 

Impact of high stress in the Q-wave control group: 
Among control patients with Q-wave infarcts there was 
little stress-related increase in risk over either the pro- 
gram year or the 5-year follow-up period (Table II and 
Figure 2). Within the Q-wave control group, patients 
with low levels of in-hospital stress were more likely to 


% Cardiac Mortality 


High Stress 
(n=21) 


Control Non-QMIs 


Low Stress 
(n=33) 


FIGURE 1. Cumulative cardiac mortality among control group 
patients with non-Q-wave myocardial infarctions (Non-QMIs) 
who had high (General Health Questionnaire score >5) and 
low (General Health Questionnaire <5) in-hospital stress. 
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be married than were patients with high stress. How- 
ever, control for marital status and the significant multi- 
variate predictors listed in Table IV did not change 
these results (Tables II and III). 

It appears that, as hypothesized, with usual medical 
care, patients with non-Q-wave AMI are more suscepti- 
ble to the impact of psychological stress than patients 
with Q-wave AMI. Further, whereas high-stress Q- 
wave patients do not experience an increase in risk over 
either the first year after AMI or the first 5 years after 
an infarct, the heightened risk associated with stress 
among non-Q-wave patients occurs primarily during the 
first year after AMI. 

Impact of high stress in the non-Q-wave treatment 
group: Unlike the non-Q-wave patients who received 
routine medical care, those who took part in the treat- 
ment group experienced relatively little increase in risk 
associated with high levels of in-hospital stress (Figure 3 
and Tables II and III). Background comparisons of the 


| % Cardiac Mortality 


Control QMIs 
High Stress 


Low Stress 
(n=123) 


1 ila 3 4 
Years Since Index MI 


FIGURE 2. Cumulative cardiac mortality among control group 
patients with Q-wave myocardial infarctions (QMIs) who had 
high (General Health Questionnaire score >5) and low (Gener- 
al Health Questionnaire <5) in-hospital stress. 


% Cardiac Mortality 


Treatment Non-QMIs 


Low Stress (n=42) 


High Stress (n=16) 


1 Be 3 4 
Years Since Index MI 


FIGURE 3. Cumulative cardiac mortality among treatment 
cg fe se te enine er e T 

GMs) who had high (General Health Questionnaire score >5) 

and low (General Health Questionnaire <5) in-hospital stress. 
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high- and low-stress non-Q-wave patients in the treat- 
ment group revealed that the high-stress treatment pa- 
tients were significantly younger than the low-stress pa- 
tients. However, control for age along with the signifi- 
cant multivariate predictors of outcome in this group 
(Table IV) did not decrease the probability levels asso- 
ciated with a stress-related difference in risk (Tables II 
and III). Thus, in contrast to the non-Q-wave control 
patients for whom high levels of in-hospital stress con- 
ferred a marked increase in risk, non-Q-wave treatment 
patients experienced little stress-related increase in risk. 

Impact of high stress in the Q-wave treatment 
group: Patients with Q-wave AMI who took part in the 
treatment program also experienced little increase in 
stress-related risk (Tables II and III and Figure 4). In 
fact, none of the high-stress Q-wave patients in the 
treatment group died of cardiac causes during the pro- 
gram year. As in the non-Q-wave treatment group, pa- 
tients with high-stress Q-wave AMI in the treatment 
group were older than patients with low stress, but con- 
trol for this variable, along with the significant prognos- 
tic variables listed in Table IV, did not change the mor- 
tality pattern observed. Thus, regardless of whether or 
not they took part in the treatment program, high-stress 
Q-wave patients were at no greater mortality risk than 
low-stress patients. In contrast, with usual care, non- -Q- 
wave patients who reported high levels of in-hospital 
stress were at markedly greater risk of cardiac death 
than patients with low stress, and those non-Q-wave pa- 
tients who took part in the treatment program experi- 
enced no stress-related increase in risk. 


DISCUSSION 

Although clearly a complex issue, the observed con- 
trast between patients with Q-wave and non-Q-wave 
AMI in cardiac susceptibility to psychological stress 
could be explained in 2 ways, both of which are related 
to the greater infarct-related ischemic risk among non- 
Q-wave patients.*” First, because of greater areas of re- 


% Cardiac Mortality 


Treatment QMIs 


High Stress 
(n=47) 


who had high (General Health score >5) and 
low (General Questionnaire <5) in-hospital stress. 
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sidual myocardium at risk for ischemia, non-Q-wave pa- 
tients may be more prone to fatal arrhythmias triggered 
by psychological stress. Animal experiments have shown 
that behavioral stress can induce sufficient changes in 
autonomic nervous system balance to decrease the elec- 
trical stability of the myocardium, and to have a pro- 
found effect on myocardial perfusion.24 It is generally 
accepted that this combination of autonomic nervous 
system changes and myocardial ischemia plays a signifi- 
cant role in the genesis of fatal arrhythmias, particular- 
ly when the electrical properties of the myocardium 
have been altered by an infarction.> Recent laboratory 
work with humans has demonstrated that mental stress 
can provoke episodes of transient ischemia in patients 
with coronary artery disease,?> affect the autonomic 
balance of the heart and potentially trigger fatal ven- 
tricular arrhythmias.?’ Because it has been observed 
that the area of residual myocardium at jeopardy for 
ischemia is greater following non-Q-wave than Q-wave 
AMIs, the present finding that patients with non-Q- 
wave AMI are at greater risk of psychological stress 
than patients with Q-wave AMI fits this model well. 
The second explanation concerns the possibility that 
acute thrombus formation facilitated by stress-related 
changes in platelet aggregability or coronary vasospasm 
in the infarct-related vessel, or both, may be more like- 
ly to result in cardiac death after non-Q-wave infarc- 
tion because of the larger area of residual ischemic tis- 
sue. Platelets have catecholamine-responsive a-receptor 
sites, theoretically making them susceptible to psycho- 
logical stress.” Recent laboratory investigations per- 
formed by Grigani et al? indicate that there may be 
rapid changes in platelet aggregability following mental 
stress. Such changes may be particularly dangerous 
when the area of residual myocardium at risk for isch- 
emia is large as in non-Q-wave AMIs. Our results indi- 
cate that with usual care, non-Q-wave patients with 
high levels of psychological stress in the hospital consti- 
tute a very high-risk group. Thus, interventions to lower 
stress would seem to be indicated for non-Q-wave pa- 
tients reporting high stress. The need for this type of 
approach among Q-wave patients is not so clear. In fact, 
results among patients who participated in our 1-year 
program of monthly stress monitoring and nursing in- 
tervention showed that with intervention, non-Q-wave 
patients did not experience a stress-related increase in 
risk of cardiac death. Similarly, as occurred among the 
usual-care Q-wave patients, high-stress Q-wave patients 
who received treatment were at no greater risk of death 
than low-stress patients. Thus, while treatment impact 
was marked among high-stress non-Q-wave AMI pa- 
tients, it was not apparent for either high- or low-stress 
Q-wave patients, or for those non-Q-wave patients who 
experienced low levels of in-hospital stress. Before sug- 
gesting that stress-relieving interventions may be of lit- 
tle value for these patients, it is important to consider 
study limitations. In addition to the methodologic limits 
of the original study,'°-!? the present analyses were not 
planned at the time of study design. Because of the 
number of comparisons involved in secondary analyses 
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of this type, significant differences may be chance phe- 
nomena.?? A second difficulty related to the post-hoc 
nature of the analyses is that sample sizes for some of 
the subgroups are smaller than needed to assure ade- 
quate statistical power to demonstrate a lack of differ- 
ences between compared cells. Finally, data collection 
for this study took place between 1977 and 1981, before 
angioplasty and bypass surgery were frequently used to 
treat patients with non-Q-wave AMI with signs of resid- 
ual ischemia. In addition, none of the patients with non- 
Q-wave infarction in the sample were given calcium an- 
tagonists. 

In conclusion, it is possible that because of their un- 
stable pathophysiology, the link between psychological 
and cardiac events is more apparent among patients 
with non-Q-wave infarcts than among those with Q- 
wave AMIs. Consequently, stress-relieving interventions 
may be of special benefit after non-Q-wave infarcts. 
Additional research is clearly warranted to establish the 
validity of these comparisons, and to further clarify the 
mechanisms linking psychological status and prognosis 
after AMI. 
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Before prescribing, please see full prescribing information. A brief summary follows. 
INDICATIONS AND USAGE 
ACCUPRIL is indicated for the treatment of hypertension. It may be used alone or in combination with thiazide diuretics. 
In using ACCUPRIL, consideration should be given to the tact that another angiotensin-converting enzyme (ACE) inhibitor, cap- 
topril, has caused agranulocytosis, particularly in patients with renal impairment or collagen vascular disease. Available data 
are insufficient to show that ACCUPRIL does not have a similar risk (see WARNINGS). 
CONTRAINDICATIONS 
ACCUPRIL is contraindicated in pitona who are hypersensitive to this product and in patients with a history of angioedema 
related to previous treatment with an ACE inhibitor. 
WARNINGS 
fy pare Angioedema of the face. extremities, lips, tongue, ere and larynx has been reported in patients treated with 
ACE inhibitors and has been seen in 0.1% of poenis receiving ACCUPRIL. Angioedema associated with laryngeal eaema can 
be fatal. If laryngeal stridor or angioedema of the face, tongue, or glottis occurs, treatment with ACCUPRIL should be discon- 
tinued immmedlath, the patient treated in accordance with accepted medical care, and camtu observed until the swelling 
disappears. In instances where swelling is confined to the face and lips, the condition generally resolves without treatment, 
antihistamines may be useful in relieving symptoms. 
Where there is involvement of the tongue, glottis, or larynx likely to cause airway obstruction, emergency therapy naudo, 
Darot aaied to, subcutaneous epinephrine solution 1:1000 (0.3 to 0.5 mL) should be promptly administered (woe ADVERSE 
Hypotension: Symptomatic hypotension was rarely seen in uncomplicated hypertensive patients treated with ACCUPRIL but, 
as with other ACE inhibitors, it is a possible consequence of therapy in salt/volume depleted patene, such as those previously 
treated with diuretics or dietary salt restriction or who are on dialysis (see PRECAUTIONS, DRUG INTERACTIONS, and 
ADVERSE REACTIONS). In controlled studies, syncope was observed in 0.4% of patients (N = 3203); this incidence was 
similar to that observed for captopril (1%) and enalapril (0.8%). 
In patients with concomitant congestive heart failure, with or without associated renal insufficiency, ACE inhibitor therapy may 
cause excessive tension, which may be associated with oliguria or azotemia and, rarely, with acute renal failure and death. 
In such patients, ACCUPRIL therapy should be started at the recommended dose under close medical supervision. These 
patients should be followed closely for the first 2 weeks of treatment and whenever the dosage of antihypertensive medication 
ıs increased (see DOSAGE AND ADMINISTRATION). 
If symptomatic hypotension occurs, the patient should be placed in the supine position and, if necessary, normal saline may 
be administered intravenously. A transient hypotensive response is not a contraindication to further doses; however, lower 
doses of ACCUPRIL or reduced concomitant diuretic therapy should be considered. 
Neutropenia/Agranulocytosis: Another ACE inhibitor, captopril, has been shown to cause agranulocytosis and bone marrow 
depression rarely in patients with uncomplicated hypertension, but more frequently in patients with renal impairment, espe- 
cially if they also have a collagen vascular disease Such as systemic lupus erythematosus or scleroderma. Agranulocytosis did 
occur during ACCUPRIL treatment in ono rede with a history of neutropenia during previous captopril therapy. Available data 
from clinical trials of ACCUPRIL are insufficient to show that, in patients without prior reactions to other ACE inhibitors, 
ACCUPRIL does not cause agranulocytosis at similar rates. As with other ACE inhibitors, periodic monitoring of white blood 
cell counts in patients with collagen vascular disease and/or renal disease should be considered. 
Fetal/Neonatal morbidity and mortality: ACE inhibitors, including ACCUPRIL, can cause fetal and neonatal morbidity and 
mortality when administered to pregnant women. 
When ACE inhibitors have been used during the second and third 
trimesters of pregnancy, there have bean reports of hypotension, I 
renal failure, skull hypoplasia, and death. Oligohydramnios has ew . 
also beenreported, presumably resulting from decreased fetal 
renal function; “aligohydramnicg has been associated with fetal 
limb contractures, craniofacial deformities, hypoplastic lung 
development, and intrauterine growth retardation. 
Prematurity and patent ductus arteriosus have been reported, 
although it is not clear whether these occurrences were due to 
the ACE-inhibitor exposure or to the mother's underlying dis- 
ease. It isnot known whether exposure limited to the first 
trimester can adversely affect fetal outcome. 
A patient who becomes pregnant while taking ACE inhibitors, or who takes ACE inhibitors when already pregnant, should be 
apprised ofthe potential hazard to her fetus. If she continues to receive ACE inhibitors during the second or third trimester of 
Pag en ultrasound examinations should be performed to look for oligohydramnics. When oligohydramnias is 
und, ACE inhibitors should generally be discontinued. 

Infants with histories of in utero exposure to ACE inhibitors should be chany onana for hypotension, oliguria, andihyper- 
kalemia, If Garin occurs, attention should be directed toward support of blood pressure anc renal perfusion. Hemodialysis 
and peritoneal dialysis have little effect on the elimination of quinapril and quinaprilat. 
No fetotoxic or teratogenic effects were observed in rats at quinapril doses as high as 300 mg/kg/day (180 and 30 times the 
maximum daily human dose when based on mg/kg and mg/m’. respectively), despite maternal toxicity at 150 mg/kg/day. 
Tested later in gestation and during lactation, reduced offspring body weight was seen at =25 mg/kg/day, and changes in 
renal histology Ir hd cell hypertrophy, tubular/pelvic dilation, glomerulosclerosis) were observed both in dams and 
aul treated with 150 mg/kg/day. Quinapril was not teratogenic in the rabbit; however, as noted with other ACE inhibitors, 
maternal toxicity and embryotoxicity were seen in some rabbits at quinapril doses as low as 0.5 mg/kg/day (one time the 
recommended human dose) and 1.0 mg/kg/day, respectively. 
PRECAUTIONS 
General 
Impaired renal function: As a consequence of inhibiting the renin-angiotensin-aldosterone system, changes in renal function 
may be anticipated in susceptible individuals. In patients with severe heart failure whose renal function may depend on the 
arei of the renin-angiotensin-aldosterone system, treatment with ACE inhibitors, including ACCUPRIL, may be associated 
with oliguria and/or progressive azotemia and rarely acute rena! failure and/or death. 
In clinical studies in hypertensive patients with unilateral or bilateral renal artery stenosis, increases in blood urea nitrogen and 
serum creatinine have been observed in some patients following ACE inhibitor therapy. These increases were almost always 
reversible upon discontinuation of the ACE inhibitor and/or diuretic therapy. In such patients, renal function should be mon- 
itored during the first few weeks of therapy. 
Some hypertensive patients with no apparent preexisting renal vascular disease have developed increases in blood urea anc 
serum creatinine, usually minor and transient, especially when ACCUPRIL has been given concomitantly with a diuretic, This 
is more likely to occur in patients with preexisting renal impairment. Dosage reduction and/or discontinuation of any diuretic 
and/or ACCUPRIL may be required. 
Evaluation of hypertensive patients should always include assessment of renal function (see DOSAGE AND 
ADMINISTRATION). 
Hyperkalemia and potassium-sparing diuretics: In clinical trials, peana (serum potassium =5.8 mmol/L) occurred in 
approximately 2% of patients receiving ACCUPRIL. In most cases, elevated serum potassium levels were isolated values which 
resolved despite continued therapy. Less than 0.1% of patients discontinued therapy due to hyperkalemia. Risk factors for the 
development of hyperkalemia include renal insufficiency, diabetes mellitus, and the concomitant use of pole Satie 
diuretics, potassium eat and/or potassium-containing salt substitutes, which should be used cautiously, if at all, 
with ACCUPRIL (see PRECAUTIONS, Drug Interactions). 
Surgery/anesthesia: In patients undergoing major surgery or during anesthesia with agents that produce hypotension, 
ACCUPRIL will block angiotensin || formation secondary to compensatory renin release. If hypotension occurs and is consic- 
ered to be:due to this mechanism, it can be corrected by volume expansion. 
Information for Patients 
Angioedema: Angioedema, including laryngeal edema, cam occur with treatment with ACE inhibitors, especially following the 
first dose, Patients should be so advised and told to report immediately any signs or symptoms saps angioedema 
(swelling of face, extremities, eyes, lips, tongue, difficulty in swallowing or breathing) and to stop taking the drug unti) they 
have consulted with their physician (see WARNINGS). 

atic hypotension: Patients should be cautioned that lightheadedness can occur, especially during the first few days 
of ACCUPRIL therapy, and that it should be reported to a physician. If actual syncope occurs, patients should be told te not take 
the drug until they have consulted with their physician (see WARNINGS). 
All patients should be cautioned that inadequate fluid intake or excessive perspiration, diarrhea, or vomiting can lead to an 
excessive fall in blood pressure because of reduction in fluid volume, with the same consequences of lightheadedness and 
possible syncope. 
Pam planning to undergo any surgery and/or anesthesia should be told to inform their physician that they are taking an 

inhibitor. 

Hyperkalemia: Patients should be told not to use potassium supplements or salt substitutes containing potassium without 
consulting their physician (see PRECAUTIONS). 
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Neutropenia: Patients should be told'to report promptly any indication of infection (eg, sore throat, fever) which could be 
sign of neutropenia. 

NOTE: As with many other drugs, certain advice to patients being treated with ACCUPRIL is warranted. This information i 
intended to aid in the safe and effective use of this medication. It is not a disclosure of all possible adverse or intended ef 


Drug Interactions 


Concomitant diuretic therapy: As with other ACE inhibitors, patients on diuretics, especially those on recently instituted 
diuretic therapy, may occasionally experience an excessive reduction of blood pressure after initiation of therapy with 
ACCUPRIL. The possibility of hypotensive effects with ACCUPRIL ~*~ be minimizediby either discontinuing the diuretic o 
cautiously increasing salt intake prior to initiation of treatment with ACCUPRIL. If it is not possible to discontinue the diui 
the starting dose of quinapril should be reduced (see DOSAGE AND ADMINISTRATION). 


Agents increasing serum potassium: Quinapril can pats tee loss causec by thiazide diuretics and increase se 
potassium when used alone. If concomitant therapy of ACCUPRIL with potassium-sparing diuretics (eg, spironolactone, 
triamterene, or amiloride), potassium supplements, or potassium-centaining salt substitutes is indicated, they should be 
with caution along with appropriate monitoring of serum potassium (see PRECAUTIONS), 


Tetracycline and other drugs that interact with magnesium: Simultaneous administration of tetracycline with ACCUPRIL 
reduced the absorption of tetracycline by approximately 28% to 37%, possibly due to the high magnesium content in 
ACCUPRIL tablets. This interaction should be considered if coprescribing ACCUPRIL and tetracycline or other drugs that 
interact with magnesium. 


Lithium: Increased serum lithium levels and i of lithium toxicity have been reported in patients receiving conco 
tant lithium and ACE inhibitor therapy. These drugs should be co-administered with caution, and frequent monitoring of 
lithium levels is recommended. If a diuretic is also used, it may increase the risk of lithium toxicity. 


Other agents: Drug interaction studies of ACCUPRIL with other agents showed: 

+ Multiple dose therapy with propranolol or cimetidine has no affect on the pharmacokinetics of single doses of ACCUPRI 

+ The anticoagulant effect of a single dose of warfarin (measured by prothrombin time) was not significantly changed by 
quinapril coadministration twice-daily. 

+ ACCUPRIL treatment did not affect the pharmacokinetics of digoxin. 

No nt a interaction was observed when single doses of ACCUPRIL and hydrochlorothiazide were administer 
concomitantly. 


Carcinogenesis, Mutagenesis, Impairment of Fertility 
Quinapril hydrochloride was not carcinogenic in mice orrats when given in doses upto 75 or 100 mg/kg/day (50 to 60 ti 
the maximum human daily dose, respectively, on a mg/kg basis and 3.8 to 10 times the maximum human daily dose when 
based on a mg/m? basis) for 104 weeks. Female rats given the highest dose level hadan increased incidence of mesenteric 
lymph node hemangiomas and skin/subcutaneous lipomas. Neither quinapril nor quinaprilat were mutagenic in the Ames t 
terial assay with or without metabolic activation. Quinapril was also negative in the following genetic toxicology studies: in 
vitro mammalian cell point mutation, sister chromatid exchange in cultured mammalian cells, micronucleus test with mice 
vitro chromosome aberration with V79 cultured lung cells, and in an in vivo cytogenetic study with rat bone marrow. There 
were no adverse effects on fertility or reproduction in rats at coses up to 100 mg/kg/day (60 and 10 times the maximum di 
human dose when based onmg/kg and mg/m’, respectively). 

Pregnancy 

m 


nancy Category D: See WARNINGS, Fetal/Neonatal 
idity and mortality. 
Nursing Mothers 
‘tis not known if quinapril or its metabolites are secreted in 
numan milk. Quinapril is secreted to a limited extent, howeve 
milk of lactating rats (5% or less of the plasma drug concenti 
tion was found in rat milk). Because many drugs are secretec 
numan milk, caution should be exercised when ACCUPRIL is 
ok to a nursing mother. 
riatric Use 





Elderly patients exhibited increased area under the plasma cc 
centration time curve (AUC) and peak levels for quinaprilat compared to values observed in younger patients; this appearec 
relate to decreased renal function rather than to Ky itself. In controlled and uncontrolled studies of ACCUPRIL where 918 
(21%) patients were 65 years and older, no overall differences in effectiveness or safety were observed between older and 
younger patients. However, greater sensitivity of some older individual patients cannot be ruled out. 

Pediatric Use 
The safety and effectiveness of ACCUPRIL in children have not been established 
ADVERSE REACTIONS 
ACCUPRIL has been evaluated for safety in 4960 subjects and patients. Of these, 3203 espa including 655 elderly patie: 
paloaee in controlled clinical trials. ACCUPRIL has been evaluated for long-term safety in over 1400 patients treated for 
year or more. 
Adverse experiences were usually mild and transient. 
Discontinuation of therapy because of adverse events was required in 4.7% of patients treated with ACCUPRIL in placebo- 
controlled hypertension trials. 
Adverse experiences probably or possibly related to therapy or of unknown relationship to therapy occurring in 1% or more 
the 1563 patients in placebo-controlled hypertension trials who were treated with ACCUPRIL are shown below. 
Adverse Events in Placebo-Controlled Trials 





ACCUPRIL Placebo 
(N= 1563) (N=579) 
Incidence Incidence 
(Discontinuance) (Discontinuance) 
Headache 5.6 (0.7 10.9 (0.7 
Dizziness 3.9 (0.8 2.6 02 
Fatigue 2.6 (0.3 1.0 
Coughing 2.0 (0.5 0.0 
Nausea/Vomiting 1.4 (0.3 1.9 (0.2) 
Abdominal Pain 1.0 (0.2 7 





Clinical adverse experiences probably or pon related, or of uncertain relationshipto therapy, occurring in 0.5% to 1.0% 
(except as noted) of the patients treated with ACCUPRIL (with or without concomitant diuretic) in controlled or uncontroller 
trials (N= pel and less frequent, clinically significant events seen in clinical trials or post-marketing experience (the rare 
events are in italics) include (listed by body system) 

General: back pain, malaise 

Cardiovascular: palpitation, vasodilation, tachycardia, heart failure, hyperkalemia, myocardial infarction, cerebrovascular 
accident, hypertensive crisis, angina pectoris, orthostatic hypotension, cardiac rhythm disturbances 

Gastrointestinal: dry mouth or throat, constipation, gastrointestinal hemorrhage, pancreatitis, abnormal liver function test 
Nervous/Psychiatric: somnolence, vertigo, syncope, nervousness, depression 

Integumentary: increased sweating, pruritus, exfoliative dermatitis, photosensitivity reaction 

Urogenital: acute renal failure 

Other: amblyopia, pharyngitis, sinusitis, bronchitis, agranulocytosis, thrombocytopenia 

Angioedema: angioedema has been reported in patients receiving ACCUPRIL (0. 1o) Angioedema associated with laryn 
edema may bs fatal. If angioedema of the face, extremities, lips, tongue, glottis, and/or larynx occurs, treatment with AC 
PRIL should be discontinuedand appropriate therapy instituted immediately. (See WARNINGS.) 

Clinical Laboratory Test Findings 

Hematology: (See WARNINGS) 

Hyperkalemia: (See PRECAUTIONS) 

Creatinine and blood urea nitrogen: Increases (>1.25 times the upper limit of normal) in serum creatinine and blood urea 
nitrogen were observed in 2% and 2%, respectively, of patients treated with ACCUPRIL alone. increases are more likely to 
occur in peren receiving concomitant diuretic therapy than in those on ACCUPRIL aione. These increases often remit on 
continued therapy. 


* In some patients, the antihypertensive effect may diminish toward the 
end of the once-daily dosing interval. In such patients, an increase in 
dosage or twice-daily administration may be warranted. 


Prognosis of Acute Myocardial Infarction 
Complicated by Complete Heart Block (the 
Worcester Heart Attack Study) 


Robert J. Goldberg, PhD, Juan C. Zevallos, MD, Jorge Yarzebski, MD, Joseph S. Alpert, MD, 
Joel M. Gore, MD, Zuoyao Chen, MD, MPH, and James E. Dalen, MD 





As part of a community-based study of patients 
hospitalized with acute myocardial infarction 
(AMI) in the Worcester, Massachusetts, metropoli- 
tan area, changes over time in the incidence rates 
of complete heart block (CHB) complicating AMI, 
and the prognostic impact of CHB on the in-hospi- 
tal and long-term survival of these patients were 
examined. In all, 4,762 patients with validated 
AMI hospitalized at 16 hospitals in the Worcester 
metropolitan area during 1975, 1978, 1981, 
1984, 1986 and 1988 constituted the study sam- 
ple. The incidence rates of CHB complicating AMI 
remained relatively stable at 5.8% over the 13- 
year (1975 to 1988) period studied. The incidence 
rates of CHB were approximately twice as high in 
patients with inferior/posterior wall AMI (7.7%) 
as in those with anterior wall AMI (3.9%). Use of 
a multivariate regression analysis to control for 
factors affecting the incidence rates of CHB re- 
vealed that patients were at highest risk for devel- 
oping CHB during the latter 2 study years (1986 
and 1988). Patients with AMI developing CHB 
had higher in-hospital case fatality rates than did 
those without CHB overall, as well as during each 
of the 6 periods studied. The in-hospital survival 
associated with CHB did not improve over time. 
After use of a multivariate regression analysis to 
control for additional prognostic factors, the inde- 
pendent effect of CHB on in-hospital prognosis 
remained (adjusted risk of dying = 2.10; 95% con- 
fidence intervals = 1.37, 3.21). Patients with infe- 
rior wall AMI complicated by CHB were at signifi- 
cantly increased risk of dying during hospitaliza- 
tion compared with those without CHB (adjusted 
risk of dying = 2.71; 95% confidence inter- 

vals = 1.60, 4.59). Long-term survival rates for up 
to a 14-year follow-up period for discharged sur- 
viving patients were not significantly different for 
AMI patients with compared with those without 
CHB, with no significant differences in long-term 
survival observed concerning the location of the 
AMI. 
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The results of this observational, population- 
based study suggest that the incidence rates of 
CHB resulting from AMI have not changed over 
time and that CHB is associated with an unfavor- 
able short- but not long-term prognosis. 

(Am J Cardiol 1992;69:1135-1141) 


the setting of acute myocardial infarction (AMI) 

consistently have a poorer in-hospital survival 
when compared with those not developing CHB.!-8 Fur- 
thermore, the anatomic location of the atrioventricular 
block has prognostic importance; AMI patients develop- 
ing CHB complicating anterior wall AMI have a poorer 
prognostic outlook than do those with CHB complicat- 
ing inferior wall AMI.>*!° Studies examining the 
long-term prognosis for discharged surviving patients of 
CHB suggest no significant differences in 1-* or 2-year* 
survival rates in those with inferior wall AMI with and 
without CHB. However, questions may be raised con- 
cerning the generalizability of prior findings, because 
most of these studies were performed in either single or 
referral hospital settings. In addition, the independence 
of the short-term prognostic impact of CHB needs to be 
examined after controlling for other covariates of prog- 
nostic importance. Given interest in the natural history 
of AMI, and in new therapeutic and mechanical inter- 
ventional approaches to its management, it is important 
to examine temporal trends in the incidence and surviv- 
al rates of CHB complicating AMI, particularly as it 
relates to the current thrombolytic era. The present pop- 
ulation-based study examines changes over time (1975 
to 1988) in the incidence rates of CHB complicating 
AMI overall and separately in patients with anterior or 
inferior/posterior wall AMI. We also examined the im- 
pact of and temporal trends in CHB on the in-hospital 
and long-term survival of patients with AMI overall and 
classified according to the location of the AMI. The 
present investigation used data from 4,762 patients hos- 
pitalized with validated AMI from multiple hospitals in 
a defined population setting. 


P atients developing complete heart block (CHB) in 


METHODS 

Patients hospitalized with a primary or secondary 
discharge diagnosis of AMI (9th Revision Interna- 
tional Classification of Disease [ICD] Code 410) in 16 
Worcester, Massachusetts, Standard Metropolitan Sta- 
tistical Area (SMSA) hospitals during 1975, 1978, 
1981, 1984, 1986 and 1988 constituted the study popu- 
lation. Furthermore, a random sampling of related diag- 
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TABLE I Incidence Rates and Adjusted Relative Risks of Complete Heart Block Complicating 
Acute Myocardial Infarction (AMI): Worcester Heart Attack Study 


All Patients 


Adjusted 
Relative 
Risk 


Incidence 


Year Rates (%) 


1.0* 
1.14t 
(0.70, 1.85) 
1.01 
(0.61, 1.65) 
1.09 
(0.63, 1.86) 
1.51 
(0.86, 2.66) 
1,92 


(1.09, 3.41) 


*Referrent category. 


Anterior AMI 


Incidence 
Rates (%) 


Inferior/ Posterior AMI 


Adjusted 
Relative 
Risk 


Adjusted 
Relative 
Risk 


Incidence 
Rates (%) 


1.0* 
1.17 
(0.64, 2.14) 
1.16 
(0.63, 2.11) 
1.14 
(0.59, 2.23) 
1.89 
(0.94, 3.79) 
2.42 
(1.20, 4.88) 


1.0* 
LI 
(0.48, 2.55) 
0.62 
(0.26, 1.49) 
0.96 
(0.38, 2.40) 
0.72 
(0.29, 1.74) 
0.94 
(0.37, 2.34) 


tRisk for developing complete heart block relativeto those patients hospitalized in 1975 after controlling for differences in 


baseline predictive characteristics. 
+95% confidence intervals. 


nostic rubrics in which the diagnosis of AMI may have 
occurred (ICD codes 411 through 414) was performed 
during each of the 6 years under study. The medical 
records of all patients with a discharge diagnosis of 
AMI from these hospitals were individually reviewed 
and validated according to preestablished diagnostic cri- 
teria that were previously described in detail.!!-13? Pa- 
tients who did not satisfy the predetermined diagnostic 
criteria of clinical history, serum enzyme level eleva- 
tions or serial electrocardiographic changes, or a combi- 
nation, as well as those residing outside of the Worces- 
ter SMSA, were excluded from further consideration. 
The various clinical complications of AMI were as- 
sessed on the basis of information available from the 
clinical charts.'* CHB was defined according to stan- 
dard clinical criteria that included the absence of atrio- 
ventricular conduction on at least one 12-lead electro- 
cardiogram with the atrial rate greater than the ventric- 
ular rate. We did not collect information concerning the 
settings in which CHB was documented, nor the extent 
or type of monitoring equipment used to detect CHB. 
Owing to the method of data abstraction we were un- 
able to determine the duration of CHB, because we did 
not distinguish high-grade atrioventricular block from 
sustained periods of CHB. 

Data collection: The hospital records of patients with 
validated AMI were abstracted for demographic and 
clinical data, as well as for use of selected therapeutic 
interventions. Survival status after hospital discharge 
was ascertained through a review of records for addi- 
tional hospitalizations and by a statewide search of 
death certificates for residents of the Worcester SMSA. 
All-cause mortality was examined in relation to CHB 
among discharged surviving patients. 

Statistical analysis: Differences in the distribution 
of selected characteristics between patients hospitalized 
for AMI with and without CHB were examined with 
the use of chi-square tests of statistical significance for 
discrete variables, and ź tests for continuous variables. 
All tests of significance were 2-tailed. The short-term 
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prognosis in each period was examined by calculating 
in-hospital case fatality rates (CFRs). The simultaneous 
effect of several potentially confounding variables that 
may influence the development of CHB, as well as in- 
hospital survival and changes therein, was accounted for 
by means of a logistic multiple regression technique.!> 
The variables adjusted for in these analyses included 
time period, patient age and sex, order (initial vs recur- 
rent), type (Q-wave vs non-Q-wave) and location (ante- 
rior vs inferior/posterior) of AMI, peak serum creatine 
kinase findings, occurrence of atrial fibrillation, conges- 
tive heart failure, cardiogenic shock and ventricular fi- 
brillation/cardiac arrest during hospitalization, and use 
of 6 blockers, calcium antagonists, diuretics, lidocaine, 
other antiarrhythmic agents, nitrates and thrombolytic 
therapy, as well as cardiac pacing. A life table approach 
was used to examine long-term survival to include pa- 
tients followed up for various lengths of time after hos- 
pital discharge.'® Of the patients with validated AMI 
studied, 780 were hospitalized in 1975, 845 in 1978, 999 
in 1981, 714 in 1984, 765 in 1986, and 659 in 1988. 


RESULTS 

Incidence rates of complete heart block: The inci- 
dence rates of CHB complicating AMI remained rela- 
tively stable over time (ranging from 5% in 1984 to 
7.3% in 1988); the overall incidence rate of CHB was 
5.8% (Table I). Because previous studies examined dif- 
ferences in the impact of CHB according to AMI loca- 
tion, we examined the incidence rates of CHB separate- 
ly in patients with anterior and inferior/posterior wall 
AMI. Patients with inferior/posterior AMI were ap- 
proximately twice as likely (7.7 vs 3.9%) to develop this 
conduction disturbance as were those with anterior 
AMI for the entire study period. Trends for an in- 
creased risk of developing CHB in patients with infe- 
rior/posterior wall AMI were seen in each of the 6 
study periods examined (Table I). Because changes 
may have occurred in the demographic, clinical and 
therapeutic characteristics of patients hospitalized with 


MAY 1, 1992 


AMI over time, a logistic regression analysis was per- 
formed to examine changes over time in the occurrence 
rates of CHB while adjusting for these characteristics. 
The results of this multivariate analysis confirmed the 
univariate unadjusted findings of a lack of significant 
change over time in the overall occurrence rates of 
CHB, although the highest adjusted risks for developing 
CHB were seen in the latter 2 study years of 1986 and 
1988 (Table I). Similar nonsignificant trends in the in- 
cidence rates of CHB were seen in patients with anteri- 
or and inferior /posterior AMI after multivariate adjust- 
ment. Similar to the overall findings, patients with in- 
ferior/posterior wall AMI in the latter 2 study years 
(1986 and 1988) were at greatest adjusted risk for de- 
veloping CHB, with inconsistent trends observed for 
those with anterior wall AMI, although trends for these 
patients were in contrast to those with inferior /posterior 
AMI, 

Baseline characteristics: Patients developing CHB 
during hospitalization for AMI included a significantly 
greater proportion of those with Q-wave and inferior/ 
posterior AMI, larger infarcts (as measured by peak se- 
rum creatine kinase levels) and those developing each of 
the clinical complications examined during the acute 
hospitalization (p <0.001) (Table II). Significant dif- 
ferences were also seen in the use of various therapeutic 
interventions in AMI patients with and without CHB. 
Cardiac pacing (as expected) was used to a significantly 
greater degree in AMI patients with CHB. 

Over the combined study periods, patients with 
CHB in the setting of anterior wall AMI included a 
significantly greater proportion of those with prior dia- 
betes, Q-wave AMI, more extensive myocardial damage 
(based on peak serum creatine kinase findings), and 
those who developed congestive heart failure, cardiogen- 
ic shock and ventricular fibrillation or cardiac arrest 
(Table III) (p <0.005). Differences were also seen in 
the use of various therapies in patients with anterior 
wall AMI further classified according to occurrence of 
CHB. In examining similar baseline characteristics in 
patients with CHB in the setting of inferior /posterior 
wall AMI, those with CHB included a significantly 
greater proportion with Q-wave and more extensive 
AMI (as measured by peak creatine kinase findings), 
and those developing specific clinical complications dur- 
ing the acute hospital phase (p <0.001). Significant dif- 
ferences were also observed in the use of various thera- 
peutic regimens and cardiac pacing among patients with 
inferior/posterior wall AMI with and without CHB. 

in-hospital case fatality rates: AMI patients devel- 
oping CHB had significantly higher in-hospital CFRs 
overall (48.9 vs 16.4%), as well as during each of the 6 
time periods examined (Figure 1). 

The development of CHB in the setting of anterior 
wall AMI was associated with a significantly poorer 
overall in-hospital survival (CHB [+] CFR = 63% and 
CHB [—] CFR = 18.8%), with similar trends of an im- 
paired in-hospital survival seen in those with inferior / 
posterior AMI complicated by third-degree heart block 
(CHB [+] CFR = 41.9%, and CHB [—] CFR = 14%; 
p <0.01). As noted, patients developing CHB in the set- 
ting of anterior AMI (CFR = 63%) had a poorer in- 


TABLE Il Baseline Characteristics in Patients with Acute 
Myocardial Infarction (AMI) According to Complete Heart Block 
(CHB): Worcester Heart Attack Study 


CHB CHB 
Present, % Absent, % 
(n= 278) (n=4,484) pValue 


Characteristics 
Age (mean, yr) 
Men 
Prior history 
Angina 
Diabetes 
Hypertension 
AMI characteristics 
Initial AMI 
Q-Wave AMI 
Anterior AMI 
Peak CK >5x normal 
range 
Complications during hos- 
pitalization 
Atrial fibrillation 
Congestive heart failure 
Cardiogenic shock 
Ventricular fibrillation/ 
cardiac arrest 
Therapies 
Anticoagulants 
Antiplatelets 
B blockers 
Calcium antagonists* 
Digoxin 
Diuretics 
Lidocaine 
Other antiarrhythmics 
Nitrates 
Pacing 
Thrombolytic agents* 


*Data available for 1986 and 1988 only. 
CK = creatine kinase; NS = not significant. 


hospital survival than did those with CHB and inferior/ 
posterior AMI (CFR = 41.9%). 

Because AMI patients with compared with those 
without CHB differed with regard to various baseline 
characteristics (Table II), a logistic multiple regression 
approach was used to control simultaneously for these 
potentially confounding factors in examining the inde- 
pendence of the association of CHB to in-hospital sur- 
vival. The results of this analysis yielded an adjusted 
risk of dying for AMI patients with CHB of 2.10 (95% 
confidence intervals [CI] = 1.37, 3.21). In a similar 
fashion, separate logistic regression analyses were per- 
formed to examine the prognostic impact of CHB ac- 
cording to AMI location while adjusting for similar po- 
tentially confounding prognostic factors. Among pa- 
tients with anterior wall AMI, those developing CHB 
had a nonsignificant but increased risk of dying dur- 
ing the acute hospital phase of AMI compared with 
that of those without CHB (adjusted RR = 1.51; 95% 
CI = 0.74, 3.07); however, patients developing CHB in 
the setting of inferior/posterior wall AMI had a sig- 
nificantly increased risk of dying during this phase 
compared with that of those not developing CHB (ad- 
justed RR = 2.71; 95% CI = 1.60, 4.59). A multivari- 
ate regression analysis was also performed to examine 
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TABLE Ill Baseline Characteristics in Patients with Acute Myocardial Infarction (AMI) 
According to Complete Heart Block (CHB) and AMI Location: Worcester Heart Attack Study 


Anterior AM! 


CHB Present, % 
(n = 92) 


Characteristic 
Age (mean, yr) 
Men 
Prior history 
Angina 
Diabetes 
Hypertension 
AMI characteristics 
Initial AMI 
Q-wave AMI 
Peak CK > 5x normal 
range 
Complications during hos- 
pitalization 
Atrial fibrillation 
Congestive heart failure 
Cardiogenic shock 
Ventricular fibrillation/ 
cardiac arrest 
Therapies 
Anticoagulants 
Antiplatelets 
B blockers 
Calcium antagonists* 
Digoxin 
Diuretics 
Lidocaine 
Other antiarrhythmics 
Nitrates 
Pacing 
Thrombolytic therapy* 


changes over time (1975 to 1988) in the in-hospital sur- 
vival of AMI patients with CHB, while controlling for 
the previously mentioned prognostic characteristics. The 
results of this analysis did not demonstrate improve- 
ment over time in the short-term prognosis of patients 
with CHB after adjusting for these factors. 


E CHB (+) 
O CHB (-) 


1978 


FIGURE 1. in-hospital case fatality rates (CFR) of acute myo- 
cardial infarction according to occurrence of complete heart 
block (CHB) and time period: Worcester Heart Attack Study. 


CHB Absent, % 
(n = 2,243) 








Inferior/Posterior AMI 


CHB Present, % 
(n = 186) 


CHB Absent, % 
(n = 2,241) 


Long-term survival: The long-term survival for the 
142 AMI patients whose acute hospitalization was com- 
plicated by CHB was not significantly different from 
that for the 3,748 without CHB (Figure 2). In examin- 
ing the long-term prognostic impact of CHB according 
to AMI location, there were no significant differences in 
long-term survival for patients with and without CHB 
in the setting of either anterior or inferior/posterior wall 
AMI (Figure 3). However, a particularly adverse im- 
pact of CHB on the 5-year survival rate for patients 
with anterior AMI was observed. 


DISCUSSION 

The results of this community-wide study performed 
in multiple hospitals in the Worcester SMSA show rela- 
tive constancy in the occurrence rates of CHB compli- 
cating AMI over the periods under study (1975 to 
1988), a consistently greater incidence of CHB in pa- 
tients with inferior/posterior than anterior wall AMI, a 
significant adverse impact of CHB on in-hospital sur- 
vival (particularly among those with inferior /posterior 
AMI), with a lack of improvement over time in the in- 
hospital survival of those with CHB, and a lack of im- 
pact of this conduction disturbance on the long-term 
prognosis of discharged hospital patients. 
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Incidence rates of complete heart block: Previous 
studies examining the incidence rates of CHB resulting 
from AMI reported incidence rates as low as several 
percent to almost 20%.!-417-20 In reviewing studies ex- 
amining the incidence rates of CHB in inferior wall 
AMI, on average, approximately 12% of the patients 
included in these studies developed third-degree heart 
block (range 8 to 18%).'’ Factors associated with an 
increased likelihood of CHB included diabetes melli- 
tus,?! use of continuous electrocardiographic monitor- 
ing,'?2 concomitant adverse prognostic characteristics, 
and larger and more extensive AMIs.!-3,7,23,24 

The results of the present study are consistent with 
findings from previous investigations that showed all 
forms of CHB to occur more frequently in the setting of 
acute inferior rather than anterior wall AMI.>5%25 This 
increased incidence of advanced heart block in the set- 
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FIGURE 3. Long-term survival after acute 
myocardial infarction (MI) according to oc- 
currence of complete heart block (CHB) 
and to location of infarction: Worcester 
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ting of inferior AMI is thought to be the result of block 
above the His bundle, based on electrophysiologic stud- 
ies.?6-28 In contrast, development of CHB in patients 
with anterior wall AMI is thought to occur secondary to 
infra-Hisian atrioventricular block, with the majority of 
these presenting with bundle branch block before the 
development of CHB.?%27 

The absence of significant change over time in both 
the crude as well as adjusted incidence rates of CHB 
overall, as well as according to AMI location, during 
the periods studied (1975 to 1988) was of interest. 
However, it should be noted that for all AMI patients 
studied, and particularly for those with inferior wall 
AMI, the highest observed multivariate adjusted risks 
for CHB were seen during the most recent study years 
(1986 and 1988). This is particularly relevant because a 
decrease in the incidence rates of CHB may have been 
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expected during the most recent time periods in which 
newer interventions and therapies to limit infarct size 
and enhance coronary perfusion were introduced. How- 
ever, as previously noted, AMI patients developing 
CHB were less likely to have received calcium antago- 
nists and thrombolytic agents than those not developing 
CHB, and whereas the overall use of thrombolytic 
agents in this study was low it was comparable to the 
rates of thrombolytic therapy in a recent community- 
based study performed in western Washington.”? How- 
ever, the higher incidence rates for CHB observed in 
1986 and 1988 may be related to improved and more 
thorough monitoring of hospitalized AMI patients. The 
present findings are consistent with a recent investiga- 
tion showing an incidence rate of CHB (13%) among 
patients with inferior AMI to be similar to that previ- 
ously reported despite the use of thrombolytic therapy 
in the population studied.‘ 

In-hospital survival: An approximately twofold in- 
creased risk of dying during hospitalization was ob- 
served for AMI patients with CHB after adjusting for 
additional factors of short-term prognostic significance. 
Whereas AMI patients with CHB fared worse in the 
short term, the adverse prognostic impact of CHB was 
observed (particularly among those with inferior /pos- 
terior AMI) after adjusting for a number of potentially 
confounding prognostic factors. In both crude and mul- 
tivariate adjusted analyses, the in-hospital prognosis of 
patients with CHB did not improve over time. 

Most studies examining the prognostic impact of 
CHB after AMI observed an increased death rate 
among these patients, with a marked differential in 
short-term survival for those with anterior compared 
with inferior wall AMI.'~42? Patients developing CHB 
are thought to have a poorer in-hospital survival owing 
to either the simultaneous occurrence of accompanying 
left ventricular failure or to the conduction disturbance 
itself. As observed in the present study, AMI patients 
with CHB included a significantly greater proportion of 
those with more extensive acute myocardial damage. 
However, when these and additional factors were ad- 
justed for, the independent effect of CHB on in-hospital 
mortality was upheld. Dual impairment of the atrioven- 
tricular nodal blood supply has been postulated to ex- 
plain, in part, the greater likelihood of clinical complica- 
tions accompanying AMI, and the poorer in-hospital 
survival for patients with CHB. The increased mortality 
rate in patients with anterior wall AMI is thought to be 
due to more extensive myocardial necrosis and greater 
left ventricular dysfunction. Patients developing CHB in 
the setting of inferior wall AMI are thought to have an 
increased short-term mortality due to more extensive 
underlying coronary artery disease or greater occur- 
rence of left ventricular failure, or both.!)7:9!727 The 
independent effect of CHB on in-hospital mortality 
among patients with inferior wall AMI was confirmed 
in 2 recent studies** that also adjusted for concomitant 
short-term prognostic factors. The absence of improve- 
ment over time in the short-term survival of patients 
with CHB reinforces the need for the systematic evalua- 
tion and identification of therapies designed to reduce 
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not only the incidence rates of CHB complicating AMI, 
but also to improve its in-hospital survival. 

Long-term survival: Limited data exist concerning 
the impact of CHB on the long-term prognosis of dis- 
charged AMI patients.”4 Two recent studies showed no 
significant difference in long-term survival according to 
the presence of CHB during hospitalization for acute 
inferior AMI.24 These findings together with the results 
of the present investigation suggest that the mortality 
for patients discharged from the hospital after CHB re- 
sulting from AMI is similar to that for those who do not 
develop CHB. Despite the fact that the long-term sur- 
vival curves were not significantly different, the lower 
observed survival rate (particularly within the first sev- 
eral years after hospital discharge) among patients with 
anterior AMI and CHB needs further investigation. 
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institution. Label figures with the manuscript title rather than the 
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plete title page, include the full first or middle and last names of all 
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nated, and provide information about grant support if necessary. If 
the work described is supported by a grant from a pharmaceutical 
company, that fact should be stated on the title page. Add at the 
bottom the phrase, “Address for reprints:” followed by full name 
and address with zip code. Add a 2- to 4-word running head. Limit 
the abstract to 250 words and the Table of Contents miniabstract to 
150 words. List 2 to 6 key words for subject indexing at the end of 
the abstract or Brief Report. 

STYLE: Use appropriate subheadings throughout the body of the 
text, such as the Methods, Results and Discussion. Tables, figures 
and references should be mentioned in numerical order throughout 
manuscript. Abbreviations are permitted, but no more than 3 per 
manuscript, and then they must be used on every page of the manu- 
script after they are initially spelled out (followed by the abbrevia- 
tion) in both abstract and introduction. Abbreviations are usually 
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drugs. Do not spell out any number, including those less than 10, 
except when used for opening a sentence, but try not to begin sen- 
tences with numbers. Use symbols for less than (<), greater than 
(>) and percent (%). Indent for paragraphs except the first one in 
both abstract and introduction. Consult the Uniform Requirements 
for Manuscripts Submitted to Biomedical Journals, published in 
The Annals of Internal Medicine June 1982;96:766-771, and also 
the Stylebook/Editorial Manual of the AMA. 


REFERENCES: List all authors, year, volume and inclusive pages 
for all journal references, and specific page numbers for all book 
references as shown below. Abstracts should not be used as refer- 
ences. Do not use periods after authors’ initials or after abbrevia- 
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ternal Medicine (June 1982) as cited above for journal titles and 
abbreviations. Personal communications and unpublished observa- 
tions do not constitute references, but may be mentioned within the 
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unless requested. Use black ink for all charts (line drawings). Use 
arrows to designate special features. Crop photographs to show 
only essential fields. Identify figures on back by title of the article; 
omit the authors’ names so that blinded reviews can be obtained. 
Number figures in the order in which they are mentioned in the 
text. Indicate the top of each figure. Submit written permission 
from the publisher and author to reproduce any previously pub- 
lished figures. Limit figures to the number necessary to present the 
message clearly. Type figure legends on a separate page, double- 
spaced. Identify at the end of each legend and in alphabetical order 
all abbreviations in the figure. The cost of color reproduction must 
be paid by the author. 


TABLES: Place each table on a separate page, typed double- 
spaced. Number each table in Roman numerals (Table I, II, etc.) 
and title each table. Identify in alphabetical order at the bottom of 
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Brief Summary 


INDICATIONS AND USAGE 

Chronic Stable Angina (Classic Effort-Associated Angina) 

VASCOR (bepridil hydrochloride) is indicated for the treatment of chronic stable angina (classic 
effort-associated angina). Because VASCOR has caused serious ventricular arrhythmias, 
including torsades de pointes type ventricular eh ond el and the occurrence of cases of 
agranulocytosis associated with its use (see WARNINGS), it should be reserved for patients who 
have failed torespond optimally to, or are intolerant of, other anti-anginal medication. 
VASCOR may be used alone or in combination with beta blockers and/or nitrates. Controlled 
clinical studies have shown an added effect when VASCOR is administered to patients already 
receiving propranolol. 


CONTRAINDICATIONS 

VASCOR (bepridil hydrochloride) is contraindicated in patients with a known sensitivity to bepridil 
hydrochloride. 

VASCOR is contraindicated in (1) patients with a history of serious ventricular arrhythmias (see 
WARNINGS-induction of New Serious Arrhythmias), (2) patients with sick sinus syndrome or 
patients with second- or third-degree AV block, except in the presence of a functioning ventricular 
pacemaker, (3) patients with hypotension (less than 90 mm rig aysteia (4) patients with 
uncompensated cardiac insufficiency, (5) patients with congenital QT interval prolongation (see 
WARNINGS), and (6) patients taking other drugs that prolong QT interval (see PRECAUTIONS- 
Drug Interactions). 


WARNINGS 


Induction of New Serious Arrhythmias 
VASCOR (bepridil hydrochloride) has Class 1 anti-arrhythmic properties and, like other such 
drugs, can induce new arrhythmias, including VT/VF. In addition, because of its ability to 
poon the QT interval, VASCOR can cause torsades de pointes type ventricular tachycardia. 
ecause of these properties VASCOR should be reserved for patients in whom other anti- 
anginal agents do not offer a satisfactory effect. 
In US clinical trials, the QT and QTcintervals were commonly prolonged by VASCOR in a dose- 
related fashion. While the mean prolongation of QTc was 8% and of QT was 10%, QTc 
increases of 25% or more were not uncommon, 5%; 8.7% QT. Increased QT and QTc may be 
associated with torsades de pointes type VT, which was seen atleast briefly, in about 1.0% of 
patients in US trials; in many cases, however, patients with marked prolongation of QTc were 
taken off VASCOR therapy. Allof the US patients with torsades de pointes had a prolonged QT 
interval and relatively low serum potassium. French marketing experience has reported over 
one hundred verified cases of torsades de pointes. While this number, based on total 
use, represents a rate of only 0.01%, the true rate is undoubtedly much higher, as 
spontaneous reporting systems all suffer from substantial under reporting. 
Torsades de pointes is a polymorphic ventricular tachycardia often but not always 
associated with a prolonged QT interval, and often drug induced. The relation between 
the degree of QT prolongation and the development of torsades de pointes is not linear 
and the likelihood of torsades appears to be increased by hypokalemia, use of potassium 
wasting diuretics, and the presence of antecedent bradycardia. While the safe upper limit 
of QT is not defined, it is suggested that the interval not be permitted to exceed 0.52 
seconds during treatment. If dose reduction does not eliminate the excessive prolonga- 
tion, VASCOR should be stopped. 
Because most domestic and foreign cases of torsades have developed in patients with 
hypokalemia, usually related to diuretic use or significant liver disease, if concomitant diuretics 
are needed, low doses and addition or primary use of a potassium sparing diuretic should be 
considered and serum potassium should be monitored. 
VASCOR has been associated with the usual range of pro-arrhythmic effects characteristic of 
Class 1 anti-arrhythmics (increased premature ventricular contraction rates, new sustained VT, 
and VT/VF thatis more difficult than itera convertto sinus rhythm). Use in patients with 
severe arrhythmias (who are most susceptible to certain pro-arrhythmic effects) has been 
limited, so that risk in these patients is not defined. 
Inthe National Heart, Lung and Blood Institute's Cardiac Arrhythmia Suppression Trial (CAST), 
a ce ye multi-centered, randomized, double-blind study in patients with ener 
nonlife-threatening ventricular arrhythmias who had myocardial infarctions more than six days 
butless than two years previously, an excess eee cardiac arrestrate was seen 
in patients treated with encainide or flecainide (56/730) compared with that seen in patients 
assigned to matched placebo-treated groups (22/725). The applicability of these results to 
other populations (e.g., those without recent myocardial infarction) or to other anti-arrhythmic 
drugsis uncertain, but atpresent itis prudent to consider any drug documented to provoke new 
serious arrhythmias or worsening of preexisting arrhythmias as having a similar risk and to 
avoid their use in the post-infarction period. 


Agranulocytosis: In US clinical trials of over 800 patients treated with VASCOR for up to five 
years, two cases of marked leukopenia and neutropenia were reported. Both patients were 
diabetic and elderly. One died with overwhelming gram-negative sepsis, itself a possible cause 
of marked leukopenia, The other patient recovered rapidly when VASCOR was stopped. 
Congestive Heart Failure: Congestive heart failure has been observed pede (about 1%) 
during US controlled clinical trials, but experience with the use of VASCOR in patients with 
significantly impaired ventricular function is limited. There is little information on the effect of 
concomitant administration of VASCOR and digoxin; therefore, caution should be exercised in 
treating patients with congestive heart failure. 

Hepatic Enzyme Elevation: In US clinical studies with VASCOR in about 1000 patients and 
subjects, clinically significant (at least 2 times the upper limit of normal) transaminase elevations 
were observed in approximately 1% of the patients. None of these patients became clinically 
symptomatic or jaundiced and values returned to normal when the drug was stopped. 
Hypokalemia: In clinical trials VASCOR has notbeen reported to reduce serum potassium levels. 
Because hypokalemia has been associated with ventricular arrhythmias, potassium insufficiency 
should be corrected before VASCOR therapy is initiated and normal potassium concentrations 
=a be maintained during VASCOR therapy. Serum potassium should be monitored periodi- 
cally. 

PRECAUTIONS 

General 

Caution should be exercised when using VASCOR (bepridil hydrochloride) in patients with left 
bundle branch block or sinus bradycardia (less than 50 b.p.m.). Care should also be exercised 
inpatients with serious hepatic or renal disorders because such patients have not been studied 
and bepridil is highly metabolized, with metabolites excreted primarily in the urine. 

Recent Myocardial Infarction 

In US clinical trials with VASCOR, patients with myocardial infarctions within three months prior 
to initiation of drug treatment were excluded. The initiation of VASCOR therapy in such patients, 
therefore, cannot be recommended. 

Information for Patients 

Since QT prolongation is not associated with defined symptomatology, patients should be 
instructed on the importance of maintaining any potassium supplementation or potassium sparing 
diuretic, andthe need for routine electrocardiograms and periodic monitoring of serum potassium. 
groe Tollowing Patient Information is printed on the carton label of each unit of use bottle of 30 





As with any medication that you take, you should notify your et Bema of any changes in your 
overall condition. Insure that you follow your physician's instructions regarding follow-up visits. 
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Drug Interactions 

Nitrates: The concomitant use of VASCOR with long- and short-acting nitrates has been 
safely tolerated in patients with stable angina pectoris. Sublingual nitroglycerin may be 
taken if necessary for the control of acute angina attacks during VASCOR therapy. 
Beta-blocking Agents: The concomitant use of VASCOR and beta-blocking agents has 
been well tolerated in patients with stable angina. Available data are not sufficient, 
however, to predict the effects of concomitant medication on patients with impaired 
ventricular function or cardiac conduction abnormalities (see DOSAGE AND ADMINIS- 
TRATION). 

Digoxin: In controlled studies in healthy volunteers, bepridi! hydrochloride either had no 
effect (one study) or was associated with modest increases, about 30% (two studies) in 
steady-state serum digoxin concentrations. Limited clinical data in angina patients receiv- 
ing concomitant bepridil hydrochloride and digoxin therapy indicate no discernible changes 
in serum digoxin levels. Available data are neither sufficient to rule out possible increases 
in serum digoxin with concomitant treatment in some patients, nor other possible interac- 
tions, particularly in patients with cardiac conduction abnormalities (also see WARNINGS- 
Congestive Heart Failure). 

Oral Hypoglycemics: VASCOR has been safely used in diabetic patients without 
significantly lowering their blood glucose levels or altering their need for insulin or oral 
hypoglycemic agents. 

General Interactions: Certain drugs could increase the likelihood of potentially serious 
adverse effects with bepridil hydrochloride. In general, these are drugs that have one or 
more pharmacologic activities similar to bepridil hydrochloride, including anti-arrhythmic 
agents such as quinidine and procainamide, cardiac glycosides and tricyclic anti-depres- 
sants. Anti-arrhythmics and tricyclic anti-depressants could exaggerate the prolongation 
of the QT interval observed with bepridil hydrochloride. Cardiac glycosides could exagger- 
ate the depression of AV nodal conduction observed with bepridil hydrochloride. 
Carcinogenesis, Mutagenesis, Impairment of Fertility 

No.evidence of carcinogenicity was revealed in one lifetime study in mice at dosages up 
to 60 times (for a 60 kg subject) the maximum recommended dosage in man. Unilateral 
follicular adenomas of the thyroid were observed in a study in rats following lifetime 
administration of high doses of bepridil hydrochloride, i.e., 2 100 mg/kg/day (20 times the 
usual recommended dose in man) No mutagenic or other genotoxic potential of bepridil 
hydrochloride was found in the following standard laboratory tests: the Micronucleus Test 
for Chromosomal Effects, the Liver Microsome Activated Bacterial Assay for Mutagenicity, 
the Chinese Hamster Ovary Cell Assay for Mutagenicity, and the Sister Chromatid 
Exchange Assay. No intrinsic effect on fertility by bepridil hydrochloride was demonstrated 
in rats. 

In monkeys, at 200 mg/kg/day, there was a decrease in gloriar org and spermatogen- 
esis. There were no systematic studies in man related to this point. In rats, at doses up to 
300 mg/kg/day, there was no observed alteration of mating behavior nor of reproductive 
performance. 

Usage in Pregnancy 

Pregnancy Category C. Reproductive studies (fertility and peri-postnatal) have been 
conducted in rats. Reduced litter size at birth and decreased pup survival during lactation 
were observed at maternal dosages 37 times (on a mg/kg basis) the maximum daily 
recommended therapeutic dosage. 

In teratology studies, no effects were observed in rats or rabbits at these same dosages. 
There are no well-controlled studies in pregnant women. Use VASCOR in pregnant or 
nursing women only if the potential benefit justifies the potential risk. 

Nursing Mothers 

Bepridil is excreted in human milk. Bepridil concentration in human milk is estimated to 
reach about one third the concentration in serum. Because of the potential for serious 
adverse reactions in nursing infants from VASCOR a decision should be made whether to 
discontinue nursing or to discontinue the drug, taking into account the importance of the 
drug to the mother. 

Pediatric Use 

The safety and effectiveness of VASCOR in children have not been established. 


ADVERSE REACTIONS 

Adverse reactions were assessed in 529 patients who received VASCOR pei hydrochloride) 
in controlled trials of 4-12 weeks duration and longer-term uncontrolled studies. The most 
common side effects occurring more frequently than in control groups were upper gastrointestinal 
complaints (nausea, Pepan or Gl distress) in about22%, diarrhea in about 8%, dizzinessin 
about 15%, astheniain about 10% and nervousness in about 7%. The adverse reactions seen 
in at least 2% of bepridil patients in controlled trials are shown in the following list. 

Body asa Whole: Asthenia, Headache, Flu Syndrome Cardiovascular/Respiratory: Palpita- 
tions, Dyspnea, Respiratory Infection Gastrointestinal: Dyspepsia, G.I. Distress, Nausea, Dry 
Mouth, Anorexia, Diarrhea, Abdominal Pain, Constipation Central Nervous System: Drowsy, 
Insomnia, Dizziness, Tremor, Tremor of Hand, Paresthesia Psychiatric: Nervous Special 
Senses: Tinnitus. 

About 15% of patients however, left bepridil treatment because of adverse experiences. In 
controlled clinical trials, these were principally gastrointestinal (1.0%), dizziness (1.0%), ventricu- 
lar arrhythmias (1.0%) and syncope (0.6%), 

Across all controlled and uncontrolled trials, VASCOR was evaluated in over 800 patients with 
chronic angina. In addition to the adverse reactions noted above, the following were observed in 
0.5 to 2.0% of the VASCOR patients or are rarer, but potentially important events seen in clinical 
Studies or reported in post marketing pig In most cases itis not possible to determine 
whether there is a causal relationship to bepridil treatment. 

Body asa Whole: Fever, pan: myalgicasthenia, superinfection, flu syndrome. Cardiovascular/ 
Respiratory: Sinus tachycardia, sinus bradycardia, hypertension, vasodilation, edema, 
ventricular premature contractions, ventricular tachycardia, prolonged QT interval, rhinitis, 
cough, pharyngitis. Gastrointestinal: Flatulence, gastritis, appetite increase, dry mouth, 
constipation. Musculoskeletal: Arthritis. Central Nervous System: Fainting, vertigo, 
akathisia, drowsiness, insomnia, tremor. Psychiatric: Depression, anxiousness, adverse 
behavior effect. Skin: Rash, sweating, skin irritation. Special Senses: Blurred vision, 
tinnitus, taste change. Urogenital: Loss of libido, impotence. Abnormal Lab Values: 
Abnormal liver function test, SGPT increase. 

Certain cardiovascular events, such as acute myocardial infarction (about 3% of patients 
worsened heart failure (1.9%), worsened angina (4.5%), severe arrhythmia (about 2.4% VT/VF 
and sudden death (1.6%) have occurred in patients receiving bepridil, but have not been included 
as adverse events because they appear to be, and cannot be distinguished from, manifestations 
of the patient's underlying cardiac disease. Such events as torsades de pointes arrhythmias, 
prolonged QT/QTc, bradycardia, first degree heart block, which are probably related to bepridil, 
are included in the tables. 


OVERDOSAGE 

In the event of overdosage, we recommend close observation in a cardiac care facility fora 
minimum of 48 hours and use of appropriate supportive measures in addition to gastriclavage. 
Beta-adrenergic stimulation or parenteral administration of calcium solutions may increase 
transmembrane calcium ion influx. Clinically significant hypotensive reactions or high-degree AV 
block should be treated with vasopressor agents or cardiac pacing, respectively. Ventricular 
tachycardia should be handled by cardioversion and, if persistent, by overdrive pacing. There has 
been one experience with overdosage in which a patientinadvertently took a single dose of 1600 
mg of VASCOR (bepridil hydrochloride). The patient was observed for 72 hours in intensive care, 
butno significant adverse experiences were noted. 
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Effect of Spinal Cord Stimulation on Regional 
Myocardial Perfusion Assessed by Positron 
Emission Tomography 
Christian De Landsheere, MD, Clas Mannheimer, MD, PhD, Alfons Habets, PhD, 


Marcel Guillaume, PhD, Ivan Bourgeois, Lars-Erik Augustinsson, MD, 
Tore Eliasson, MD, Daniel Lamotte, Henri Kulbertus, MD, and Pierre Rigo, MD 


Spinal cord stimulation (SCS) can relieve symp- 
toms in patients with severe angina pectoris re- 
fractory to conventional medical or surgical thera- 
py. This symptomatic improvement may result 
from decreased myocardial ischemia. To test this 
hypothesis, positron emission tomography (PET) 
and potassium-38 as a flow tracer were used in 8 
patients for the quantitative evaluation of regional 
myocardial perfusion at rest and after exercise, 
before and during SCS. Potassium uptake was 
evaluated as myocardial clearance (flow times net 
extraction) in ml/min/100 g. Tomographic seg- 
ments were categorized as nonaffected and affect- 
ed on the basis of the absence or presence of arte- 
rial stenosis on coronary angiography and on the 
basis of thallium scintigraphic data. In nonaffect- 
ed segments, before SCS, regional myocardial 
clearance significantly increased from rest (28 + 
4) to exercise (47 + 13 clearance units; p 
<0.004). A similar increase occurred after SCS. 
In affected segments, before SCS, regional myo- 
cardial clearance barely increased (p = 0.065) 
from rest (26 + 6) to exercise (33 < 12). In com- 
parison, after SCS, the resting regional myocardi- 
al clearance was slightly elevated (29 + 8) reflect- 
ing an increased double product, but did not in- 
crease (p = 0.192) with exercise (34 + 12). 
However, the magnitude and duration of ST-seg- 
ment depression decreased during treatment with 
SCS. Anginal pain occurred in all patients during 
control exercise, but was attenuated in all but one 
with SCS. These results indicate that SCS im- 
proves exercise-induced angina and electrocardio- 
graphic signs of ischemia but this influence does 
not appear to be mediated by changes in regional 
myocardial perfusion. 

(Am J Cardiol 1992;69:1143-1149) 
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relief of neuralgic pain since its introduction in 

clinical practice by Shealy et al.! The mechanism 
explaining how SCS interferes with nociceptive nervous 
impulse propagation is still in debate, but might relate 
to the gate theory as proposed by Melzack and Wall.23 
This treatment appears effective in patients with periph- 
eral vascular disease, in whom improvement in walking 
perimeter and in microvascular perfusion has been dem- 
onstrated. SCS has also been used successfully to re- 
lieve symptoms of pain in patients with severe angina 
pectoris.’ Mannheimer et al’ and Sanderson? suggested 
that the antianginal effect of SCS in patients with coro- 
nary artery disease might be secondary to an anti-isch- 
emic effect, and gave consideration to the possibility 
that this effect was related to changes in myocardial 
blood flow. Thus, the aim of the present study was to 
confirm the antianginal and anti-ischemic effect of 
SCS and to assess, using positron emission tomography 
(PET), whether these changes are mediated by an im- 
proved regional myocardial perfusion during exercise- 
induced angina pectoris. 

Patients: Eight patients aged 53 to 71 years (mean 
64) were selected for the study from a single institution, 
the Multidisciplinary Pain Center, Medical Depart- 
ment, Ostra Hospital, Gothenburg. The epidural spinal 
stimulation electrodes were implanted in Gothenburg by 
the same surgeon as described earlier.’ All patients had 
severe angina pectoris (Canadian Heart Association 
class III or IV) related to multivessel disease in 7 of 8 
patients, and had been considered for surgery: 5 patients 
had previously undergone operation, 2 patients had re- 
fused surgery and the remaining patient was not consid- 
ered suitable for surgery because of distal disease. Six 
patients had previous myocardial infarction. One, 2- 
and 3-vessel disease was present in 1, 3 and 4 patients, 
respectively. Left ventricular function was severely im- 
paired in 2 patients. On thallium scintigraphic examina- 
tions ischemia involving the anterior or lateral wall, or 
both, of the myocardium was noted in all patients. Anti- 
anginal drugs except short-acting nitrates were discon- 
tinued 24 hours before the study in 6 of 8 patients. 
Stimulation of the spinal cord was applied for at least 2 
months before the investigation, but SCS therapy was 
interrupted 48 hours before the investigation. The pres- 
ent study was approved by the ethical committees of 
both institutions. Patients were informed of the aims 
and procedures of the study and gave their consent. 


S pinal cord stimulation (SCS) has been used for the 
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METHODS z 

Experimental aan Unipolar ‘simulation was 
applied at the dorsal column at the T1-T2 level to 
< achieve tolerable paresthesia covering the area of angi- 
nal pain cutaneous projection. Pulse width was 210 to 
450 as, frequency was 33 to 130 pps, amplitude range 
‘was 3.5 to 8.25 V. 

PET was performed using a single-slice machine 
(ECAT II, Ortec, Oak Ridge, Tennessee). Potassium- 
38 was first injected at rest to define myocardial perfu- 
sion at baseline. After decay, a first bicycle exercise test 
was performed, starting at 50 W and increasing by 10 
W/min, with the patient in the supine position on the 
bed of the tomographic camera. A second dose of potas- 
sium-38 was injected 1 minute before the end of exer- 
cise and imaging was begun 1 minute thereafter. A re- 
covery scan was recorded 40 to 60 minutes after the end 
of exercise in 5 patients to document return to baseline 
conditions. 

In the second part of the study, the epidural stimula- 
tion was switched on for 20 minutes followed by the 
injection of potassium-38 and recording of a new resting 
scan. Stimulation was continued and 30 minutes later a 
second supine exercise test was performed up to the 
same work load as during the first exercise test. Again, 
the tracer was injected 1 minute before the end of exer- 
cise and the last tomographic scans obtained. Overall, 
the procedure lasted 4 to 5 hours per patient. 

Exercise and electrocardiographic data analysis: 
Arterial blood pressure (measured invasively) and the 
electrocardiogram (lead Vs) were monitored throughout 
the study. ST-segment alteration was considered abnor- 
mal if horizontal or downsloping depression (at least 1 
mm) was observed. The following parameters measured 
with and without SCS were compared: exercise toler- 
ance — duration of exercise, time of onset and duration 
of ST-depression, time of onset of angina pectoris; he- 
modynamic data — heart rate, systolic, diastolic and 
mean arterial pressure, product of heart rate and mean 
arterial pressure. These parameters were evaluated at 
rest (supine position), before exercise (supine position 
but with elevation of the legs), at the onset of ST-seg- 
ment depression, at the onset of angina, at ST recovery, 
vat angina recovery, at peak exercise and at comparable 
total work. 

Tomographic data: Regional myocardial clearance 
of potassium-38 was calculated according to the follow- 
ing equation: 

CT(t) x 100 


FX E= : 
J’ caa 


we -where F = flow, E = net extraction from time of injec- 


-tion to end of scan, CT(t) = myocardial tissue activity 
concentration, and Ca(t) = arterial blood activity con- 
centration. PET with potassium-38 evaluates the prod- 

uct of flow times extraction (expressed in ml of blood/ 
- min/100 g of tissue) corresponding to the net clearance 
of potassium-38 from the blood to the myocardium. It is 


a - equal to the ratio of myocardial tissue activity [CT(t)] 
= during the time interval of data collection to the integral 






n of arterial blood activity [Catt)] a asse ! 





of injection to the end of the scan, by continuous arteri- | 
al withdrawal at a constant sampling rate. Calculation — 
of the net myocardial clearance rate for potassium takes — 
into account the fact that the single-pass extraction of 
potassium is incomplete and that the myocardial fixa- 
tion of the tracer is not irreversible but that some secon- 
dary leakage of activity occurs. 

Segmental analysis of the distribution of potassium- 
38 net clearance was performed using circumferential 
profile analysis. Nonaffected and affected segments 
were distinguished on the basis of coronary.artery angi- 
ographic data and thallium-201 scintigraphy. Values for 
each segment were calculated as the mean of the cir- 
cumferential profile analysis in 5 consecutive points in 
regions representative of each segment. 

It is recognized that calculated values systematically 
underestimate regional myocardial clearance values as a 
result of partial volume effect.? However, no attempt 
was made to introduce a correction because it is impos- 
sible to measure myocardial wall dimensions in all di- 
rections and because quantification is also dependent on 
the homogeneity of the tracer uptake in the plane under 
study and in the contiguous. planes. 

As the object of this study was primarily to analyze 
changes in regional myocardial clearance from rest to 
exercise and from control to treatment, we believed that 
comparable relative measurements of regional myocar- 
dial clearance were adequate because they were repro- 
ducible and have been shown to follow directional 
changes of regional myocardial blood flow.!° 

Statistical analysis: Numerical results are presented 
as mean + standard deviation. The differences between 
the values obtained before and after SCS were general- 
ly evaluated using paired ż tests. For the analysis of dif- 
ferences. related to angina, a Wilcoxon paired rank test 
was used because, in half of the population, angina dis- 
appeared completely in the SCS conditions. Differences 
were considered significant if the p value was <0.05 
(using 2-sided tests). 


RESULTS 

Exercise tolerance: As determined by the experi- 
mental protocol, the work load achieved at the end of 
exercise was similar before and during SCS (84 + 18 vs 
86 + 17 W). The exercise duration lasted roughly 7 
minutes, in both conditions (425 + 90 vs 440 + 85 sec- 
onds). Angina occurred in all patients during control 
exercise with a latency of 215 + 85 seconds. During 
exercise with SCS, symptoms of angina were attenuated 
in all patients but 1: The time to angina increased in 3 
patients, no angina at all occurred in 4 subjects and the 
time to angina was slightly shorter with SCS in 1. 

Clinical and electrocardicgraphic signs of ischemia: 
In control exercise, ST-segment depression was ob- 
served in 7 of 8 patients after a delay of 160 + 128 
seconds. ST-segment depression occurred. in the same 
patients during exercise with SCS but, as a mean, with 
longer latency (244 + 116 seconds; p= 0.052). The 
time of onset of ischemia increased in 5 patients and did 
not change in 2. The — and duration of ST- 
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l TABLE 1 ‘Product of Heart Rate by Mean Arterial Pressure (beats/min x mm Hg} 
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1 42 65 1 36 46 
2 40 49 2 38 41 
3 34 63 3 34 47 
4 4 30 16 
5 36 48 5 35 44 
6 30 35 6 21 20 
rs 25 36 7 22 25 
8 24 45 8 19 34 
[Aa alfected; NA = not affected. 


1 5,800 8,540 20,001 21,780 13,883 18,954 
2 6,693 7,104 12,017 16,244 12,467 13,108 
3 7,104 7,929 15,180 14,605 14,145 14,547 
4 11,037 12,508 25,407 25,200 * n 
5 6,613 9,368 14,472 17,355 14,472 17,355 
6 7,597 7,440 11,484 12,818 x $ 
7 8,107 9,936 15,958 16,811 t t 
8 10,920 11,689 17,941 16,872 14,620 16,427 
| *No recording of arterial blood. pressure. ee 
tNo ST-segment depression. 
SCS = spinal cord stimulation, 
à kei 
TABLE Wf Regional Net Clearance of Potassium-38 (ml/min/100 g) 
NA Segments A Segments 
Pt. Rest Exercise Recovery Pt. Rest Exercise Recovery 
Before Spinal Cord Stimulation 
1 28 56 1 30 43 
2 33 51 2 33 36 
3 34 71 3 34 54 
4 4 28 23 27 
5 25 38 26 5 25 33 28 
6 29 32 30 6 21 19 22 
7 25 39 26 7 20 22 18 
8 25 44 26 8 20 35 20 
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segment depression at maximal comparable work load 
decreased during treatment with SCS (—2.0 + 0.4 vs 
—1.4 + 0.3 mm [p <0.025], and 15.0 + 4.1 vs 9.2 + 5.0 
minutes [p <0.05], respectively). 

Hemodynamic parameters during control and treat- 
ment with spinal cord stimulation (Table I): At rest, at 
the time of the PET measurement, heart rate and heart 
rate-blood pressure product were higher during SCS (p 
<0.05).. However, immediately before exercise, in the 
supine position with legs up, hemodynamic parameters 
‘were similar in control and SCS conditions. At maximal 
comparable work load, heart rate-blood pressure prod- 
uct was higher during SCS, although not significantly 
6, 8 + 2,302 vs 13,917 + 860; p = 0.064). At the 
f onset of ST-segment depression, again heart 
ood pressure product was higher during SCS al- 












f clearance decreases i in the anterior wall i = both ee ce 















Regional myocardial net clearance of potassium-38 
during control and treatment with spinal cord stimula- 
tion (Table ff): At rest, regional myocardial net clear- 
ance of potassium-38 increased insignifi cantly during ©. ~ 
SCS both in nonaffected and in affected segments 
(p = 0.094 and 0.058, respectively). During exercise, no 
significant difference (p= 0.582) was recorded between 
control and SCS in the affected (p = 0. 654) or nonaf- 
fected (p = 0.582) segments. For instance, in a stud 
performed in a patient with severe proximal stenosis of _ 
the left anterior descending artery and occlusion of ee 
right coronary artery, the distribution of potassiu 


lesser degree in the septum, during. both co = 
SCS (Figure 1). At exercise, the net _potassium-38 
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FIGURE 1. Tomograms recorded before and during spinal 
cord stimulation (SCS) in a patient with severe 2-vessel dis- 
ease. The anterior wall and the septum are the most affected 
regions of the left ventricle. The distribution of potassium-38 
is similar before and during SCS. 


Clearance 
(ml/min/100g) 


HE Control rest 
Æ Control exercise 
EB Recovery 


Clearance 
(ml/min/100g) : 





the nonaffected lateral wall. The scan recorded 40 min- 
utes after the first exercise test shows that the distribu- 
tion of potassium-38 has recovered back to the control 
values, before the application of SCS. 

Figure 2 represents the values of potassium net 
clearance obtained in control, in 5 regions of interest 
(posterolateral, anterolateral, anterior, anteroseptal and 
posteroseptal). From rest to exercise, the net clearance 
of potassium-38 increases in the nonaffected lateral seg- 
ments and decreases in the affected segments. At recov- 
ery, the clearances of the cation were similar to the val- 
ues observed at rest. Figure 3 shows the results obtained 
with the neurostimulator switched on. The diminution 
of potassium-38 clearance appears slightly more pro- 
nounced in the anterior wall and the anteroseptal region 
supplied by the left anterior descending artery, while in 
the posterolateral and anterolateral segments, the net 
clearance increases as in the control situation. 

Figures 4 and 5 illustrate individual segmental clear- 
ance variations in the affected segments before and dur- 
ing stress. Before stimulation, clearance increased in 13 
segments and decreased in 9. During SCS, clearance 
increased in 14 segments, decreased in 7 and remained 


FIGURE 2. Clearance of po- 
tassium-38 in control condi- 
tions calculated in 5 regions 
of interest in 1 patient (see 
Figure 1). Clearance in- 
creased from rest to exercise 
in lateral segments and de- 
creased in anterior wall and 
septum. During recovery, 
clearance is similar to rest. 
A = anterior; AL = antero- 
lateral; AS = anteroseptal; 
PL = posterolateral; 

PS = posteroseptal. 


E Scs rest 
E SCS exercise 





FIGURE 3. Clearance of po- 
tassium-38 during spinal 
cord stimulation (SCS) calcu- 
lated in the same patient. 
The decrease of clearance 
appears slightly more pro- 
nounced in the anterior wall 
than in control. Other abbre- 
viations as in Figure 2. 
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constant in 1. These data therefore do not suggest that 
SCS results in changes in regional myocardial perfusion 
during exercise. 


DISCUSSION 

Earlier studies with transcutaneous electrical nerve 
stimulation and SCS have demonstrated increased work 
capacity, reduced frequency of anginal attacks, reduced 
consumption of short-acting nitrates together with de- 
creased evidence for myocardial ischemia (decreased 
ST-segment depression on serial bicycle exercise 
tests).78:! 1-13 

Hemodynamic studies of the effect of transcuta- 
neous electrical nerve stimulation and SCS have shown 
increased tolerance to atrial pacing-induced angina and 
improved myocardial lactate metabolism at comparable 
heart rate, because lactate production during control 
changed to lactate extraction during treatment.!?-!4 
However, at maximal pacing rates during stimulation, 
lactate production was again observed and all patients 


Clearance 
(ml/min/100g) 


Clearance 
(ml/min/100g) 


experienced pain at that time. This indicates that myo- 
cardial ischemia is not concealed when present. Stimu- 
lation does not seem to deprive the patient of a warning 
signal. 

These observations of transcutaneous electrical nerve 
stimulation and SCS efficacy on symptomatic and ob- 
jective evidence of myocardial ischemia were confirmed 
in this study. Indeed, in control conditions, we observed 
a low tolerance to supine bicycle exercise confirming 
disease severity: Angina occurred in all patients at a low 
work load, and electrocardiographic signs of ischemia 
were present. SCS in these patients resulted in benefi- 
cial effects manifest as decreased or abolished anginal 
pain, decrease in pain duration and decreased magni- 
tude and duration of ST-segment depression. 

Patients with chronic conditions, in whom optimal 
medical therapy had failed to relieve angina, had been 
successfully managed by SCS for =>2 months before the 
PET investigation. To study patients in “basal condi- 
tions,” SCS was discontinued for 2 days before. The 


Control rest 


Control exercise 


SCS exercise 
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sequence of testing, pesijaces cono rest t /stress with 
stimulation could not be altered because we do not 
know the duration of the therapeutic effects after inter- 
ruption of SCS. Furthermore, it is impossible both for 
the patient or investigator to be unaware of the presence 
of stimulation since stimulation produces paresthesia 
and interferes with the electrocardiogram. To document 
return to baseline after the first exercise test, we per- 
formed a “recovery” scan 40 to 60 minutes after the 
first exercise in the last 5 patients. In all cases, such 
recovery was confirmed. 

The mechanism for symptomatic improvement and 
potential anti-ischemic effect of SCS is not known, but 
could theoretically result from increased coronary blood 
flow, decreased myocardial oxygen demand or a direct 
pain-inhibiting effect, or all 3 of these. 

The present study was set up to evaluate the effects 
of SCS on regional myocardial blood flow but failed to 
show any significant changes during exercise. It is 
therefore important to analyze the design and methods 
used to evaluate its significance. Patients selected had 
disease and ischemia located in the left anterior de- 
 scending or left circumflex territory as documented by 

< coronary angiography and previous thallium imaging 
for optimal visualization of the abnormalities in the 
-tranverse planes available with a single-slice PET ma- 
chine. 

We chose potassium-38 as the perfusion tracer be- 
cause its 7.7-minute half-life permitted the acquisition 
of 2 to 3 slices per injection as well as to repeat studies 
within 30 minutes. It gives excellent images of the myo- 
cardium without lung uptake in smokers, as is the case 
with ammonia, and can be produced at regular intervals 
to accommodate a complex protocol. Potassium-38 does 
not measure flow but flow times extraction or regional 
myocardial clearance, a parameter directionally related 
to flow. Underestimation of flow with this technique is 
unavoidable and results mainly from changes in extrac- 
tion values and partial volume effect, and potentially 
(although less likely in patients with reversible isch- 
emia) from secondary potassium leakage.!>~!’ 

We therefore believe that regional myocardial clear- 
ance measurements, as performed, accurately reflect di- 
rectional changes in regional myocardial perfusion and 
adequately correlate to it in the low to normal flow 
range. Such measurements can document exercise-in- 
duced perfusion abnormalities as well as spontaneous or 
therapeutic improvement. Therefore although small lo- 
calized changes might not be appreciated, clinically sig- 
nificant changes are unlikely to be missed. 

Results of this study demonstrated lack of improve- 
ment during SCS, compared with the control exercise 
situation. However, changes were observed at rest, and 
their significance is not entirely clear because they were 
accompanied by an increase in heart rate. These hemo- 
dynamic changes, only present during supine rest and 
not confirmed just before bicycling, might have resulted 
from the fatigue and discomfort of the long protocol 
rather than from the stimulation itself. 

Because SCS does not appear to improve regional 
myocardial blood flow during exercise, what of the al- 
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ternative Je potential mechanisms? Decreased oxygen con- 
sumption does not seem to result from systemic hemo- 
dynamic changes because the heart rate-blood pressure _ 
product was not modified by SCS. However, regional 
cardiac hemodynamic changes could be involved. In- 

deed, we did not measure the ventricular volumes, but a - 
decrease in left ventricular volume could diminish wall 
stress in the absence of changes in heart rate-blood 
pressure product. One may also speculate that local 
changes could decrease myocardial contractility and 
thereby oxygen demand, and postpone the occurrence of 
myocardial ischemia and the increase in oxygen de- 
mand secondary to ventricular dysfunction. 

The presence of opiate receptors as well as of short 
opioid peptides like enkephalin and dynorphin has been 
demonstrated in the myocardium in several animal 
studies.!8-!9 Enkephalin-related peptides are found and 
stored in the sympathetic nerve-endings in the myocar- 
dium. They are released during stress and are supposed 
to have an inhibitory effect on sympathetic nerve termi- 
nals in the heart2° In 1 investigation presented by 
Mannheimer et al.2! in abstract form (1991), it was 
shown that the human myocardium has the ability to 
release 6-endorphin, enkephalins and dynorphin. There 
was also an increased myocardial release of enkephalin 
and -endorphin in all 5 patients studied. Animal stud- 
ies have shown that enkephalins exert a local inhibitory 
effect on the sympathetic activity in the myocardium 
and by this mechanism decrease myocardial oxygen de- 
mand. 

In 1 study, Kröger et al?* demonstrated that acute 
somatic pain induced ischemic myocardial dysfunction 
distal to a severe coronary stenosis by a local activation 
of cardiac sympathetic nerves. The analgesic agent fen- 
tanyl not only prevented the pain manifestation, but 
also the poststenotic myocardial ischemia. Furthermore, 
Blomberg et al? demonstrated that in addition to its 
antianginal effect, cardiac sympathetic blockade with 
regional thoracic epidural anesthesia in humans seemed 
to have a favorable effect on myocardial ischemia and 
may also offer a protection against ischemia-induced 
ventricular arrhythmias. 

Finally, the possibility of a placebo effect must be 
considered because neither the patient nor the physician 
can be unaware of the effects of stimulation and be- 
cause surgical procedures are especially likely to pro- 
duce such an effect.” However, the fact that there were 
objective signs of reduced ischemia makes it reasonable 
to assume that physiological mechanisms other than 
placebo effects are of importance. 
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Dipyridamole Infusion for Detection of 
Coronary Artery Disease 


Marla A. Mendelson, MD, Stewart M. Spies, MD, William G. Spies, MD, 
Pierre Abi-Mansour, MD, and Dan J. Fintel, MD 


The diagnostic performance of single-photon emis- 
sion computed tomography (SPECT) and planar 
imaging of thallium-201 uptake for the detection 
of coronary artery disease (CAD) was compared in 
79 patients who underwent both dipyridamole 
-thallium-201 scintigraphy and coronary angiogra- 
phy. Clinical subgroups were assigned by severity 
of CAD, presence of a prior myocardial infarction 
and the number of narrowed coronary arteries. 
The overall detection of CAD was 89% for SPECT 
and 67% for planar (p <0.001). For the anterior 
vascular territory, sensitivities for SPECT and pla- 
nar imaging were 69 and 44% (p <0.01), respec- 
tively; for the posterior vascular territory, sensitiv- 
ities were 80 and 54% (p <0.01). Receiver-oper- 
< ating characteristic analysis, using a 5-point 
“evaluation scale, was performed for the anterior 
and posterior vascular territories. Receiver-oper- 
-) ating characteristic curves generated for SPECT 
and planar studies demonstrated improved diag- 
nostic performance by SPECT in the anterior vas- 


: cular territory, but showed similar performance in — 


the posterior territory because of lower SPECT 
: specificity despite higher sensitivity at clinically 
relevant decision thresholds. In each clinical sub- 
group of patients, the detection of CAD by SPECT 
was significantly superior to that by planar imag- 
ing, regardless of the severity of stenosis or the 
number of significantly narrowed coronary arter- 
ies, or whether a myocardial infarction was pres- 
ent. Thus, SPECT thallium-201 scintigraphy is an 
important and necessary clinical tool for detecting 
CAD after dipyridamole infusion. 
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emia in patients with suspected or known coro- 
nary artery disease (CAD)! and to stratify risk of 
cardiac events in patients with known CAD before sur- 
gery.” The addition of thallium-201 scintigraphy to as- 
sess differences in myocardial perfusion has increased 
sensitivity, specificity and diagnostic accuracy of the ex- 
ercise stress test.> However, the sensitivity of thallium 
exercise stress testing is dependent on the level of exer- 
cise achieved.* For patients with CAD who are unable 
to exercise? adequately to an ischemic end point, intra- 
venous dipyridamole, a potent vasodilator, has been 
used in conjunction with thallium-201 in these patients 
as an alternative to exercise stress testing,*"!! with sensi- 
tivities and specificities similar to conventional exercise 
stress testing for detection of CAD.5!2)3 
Single-photon emission computed tomography 
(SPECT) of thallium-201 uptake after rest'* and exer- 
cise!5:!6 improves sensitivity and specificity for the de- 
tection of CAD compared with planar imaging.! The 
use of SPECT after dipyridamole has not been rigor- 
ously compared with planar imaging for the detection of 
CAD; therefore, we compare the diagnostic perfor- 
mance of SPECT and planar thallium-201 imaging for 
the overall detection of CAD in the individual vascular 
territories. Patients who had undergone both dipyrida- 
mole thallium scintigraphy and cardiac catheterization 
were evaluated with respect to severity of vessel stenosis, 
extent of coronary artery involvement, and the presence 
or absence of a myocardial infarction. 


E xercisestress testing has been used to provoke isch- 


METHODS 

Patient selection: Seventy-nine patients with known 
or suspected CAD underwent dipyridamole thallium- 
201 scintigraphy within a mean of 14 days of cardiac 
catheterization from the period of September 1985 
through May 1988.* Patients with unstable angina or 
severe bronchospastic: disease receiving aminophylline 
preparations were excluded from dipyridamole thalli- 
um-201 testing. The decision for cardiac catheterization 
was made by the patient’s attending physician for clini- 
cal indications. Patients were excluded from this analy- 
sis if myocardial infarction, coronary revascularization, 
or if clinical deterioration had occurred between the 
time of dipyridamole thallium-201 testing and cardiac 
Seti eae: 


:* The drug was kindly supplied by Boeringer-Ingleheim (Ridge- 
fi eld, Connections) 
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Dipy ole iderien protosóh All patients gave in- 
fo ed consent. With the patient supine, an intravenous 
catheter was inserted into an arm vein. Electrocardio- 
graphic leads were placed in standard exercise locations. 
Baseline heart rate, blood pressure and 12-lead electro- 
cardiograms were recorded and repeated at 1-minute 
intervals during and for 6 to 10 minutes after infusion. 
Dipyridamole, 0.56 mg/kg, was infused over 4 minutes 
through a Harvard infusion pump under the supervision 
of a cardiologist. Aminophylline was immediately avail- 
able for intravenous administration in the event of chest 
pain or other symptoms. 

Thallium-201 scintigraphy protocol: Three mCi 
(111 MBq) of thallium-201 were administered 4 min- 
utes after the completion of dipyridamole infusion. Pla- 
nar image acquisition began 3 to 10 minutes after thal- 
lium-201 administration in the anterior, 35° left anteri- 
or oblique and 70° left anterior oblique projections. 
Planar thallium-201 imaging was performed using a 
gamma camera equipped with a low-energy, all-purpose 
parallel hole collimator. Each image was acquired for 5 
minutes and consisted of approximately 750,000 counts. 
Following planar imaging, SPECT acquisition was per- 
formed over a 180° arc from the right anterior oblique 
to the left posterior oblique projection using a noncircu- 
lar orbit with 64 angular samples obtained at 20 sec- 
onds per projection. Images were reconstructed using a 
filtered back-projection algorithm. Tomographic data 
were presented in horizontal long-axis, vertical long-axis 
and short-axis slices. The images were recorded on 8 X 
10inch x-ray film. Redistribution images were acquired 

-3 hours later using the same protocol. 
‘Thallium-201 image assessment: Immediate and 
delayed thallium-201 planar images were interpreted by 
experienced observers unaware of patient identity, and 
clinical and angiographic findings. Paired SPECT im- 
ages were assessed in the same manner at a different 
reading session. Differences were resolved by consensus. 
The severity of disease was assessed using a 5 point 
scale: (1) definitely normal, (2) probably normal, (3) 
equivocal, (4) probably abnormal, and (5) definitely ab- 
normal. An abnormal study was defined as either 4 or 5 
(“strict” criteria) or with the addition of equivocal scans 
3, 4 or 5 (“liberal criteria”). For the purpose of scinti- 
graphic analysis (Figure 1), vascular territories were di- 
vided into the anterior circulation, the myocardium sup- 
plied by the left anterior descending artery, and the 
posterior circulation supplied by the right and left cir- 
cumflex coronary arteries. 

angiography: Cardiac catheterization was 
performed after an overnight fast using either standard 
Judkins or Sones technique. Coronary angiography was 
obtained in multiple orthogonal projections and single 
or biplane left ventriculograms were performed. 

Assessment of cineangiograms: Cineangiograms 
‘were evaluated by an experienced angiographer un- 

¿aware of both clinical and scintigraphic data. Vessel di- 
‘ameter stenosis was estimated visually using a 5 point 
-scale: (0) normal, (1) 0 to 49% stenosis, (2) 50 to 69% 
stenosis, (3) 70 to 99% stenosis, and (4) 100% artery 
occlusion. The severity of wall motion abnormalities 
was assessed using a 4 point scale: (1) normal, (2) hypo- 





; 35° left anterior oblique (LAO) projection is an area with vari- 


kinetic, (3) akinetic, and (4) dyskinetic. CAD was de- 
fined as a stenosis of 270% lumen diameter narrowing 
or a wall motion abnormality and a history of a myocar- 
dial infarction. Mild stenosis was defined as a vessel 
narrowing of 50 to 69%. Extent of CAD was defined as 
the number of vessels with stenosis of =70%. Myocardi- 
al infarction was defined by clinical history or electro- 
cardiographic evidence of a myocardial infarction. 
Statistics: Categorical data comparisons of sensi- 
tivities were made by chi-square analysis. Specificity 
could not be assessed for overall detection of CAD 
because of the high prevalence of CAD in our study 
population. Specificity could be determined for individ- 
ual vascular territories. Receiver-operating characteris- 
tic curves were generated using the CORROC program 
of Metz.!’ Statistical differences between receiver-oper- 
ating characteristic curves employed the area test.!’ 
Differences were considered significant at p <0.05. 


RESULTS 

Patient characteristics: The 79 patients in the study 
had a mean age of 60 + 11.1 years (range 33 to 83) and 
73% were men. There was evidence of CAD in 96% of 
the patients: 70% (55) had a prior myocardial infarct 
and 75% had at least 1 artery with a lumen diameter 
narrowing of 270%. The distribution of CAD in the 
individual vascular territories was nearly identical for 
men and women. There were 18 patients who had either 
noncritical coronary disease or a patent vessel but had a _ 
wall motion abnormality and a history of myocardial 
infarction. Of these, 4 had 50 to 69% stenosis in at least 
1 vessel and the remainder had <49% stenosis. The inci- 
dence of ischemic electrocardiographic changes, symp- 
toms and use of aminophylline was similar to that previ- 
ously published. !3 

Scintigraphic results: overall disease detection and 
individual vascular territories: Using strict criteria, an 
abnormal scintigraphic study was defined as definitely 











able blood supply. LAD= left anterior descending artery. 
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Liberal Criteria 


planar studies ( <0.01). 


When the comparison was performed with more 


























(3,4, 5) 
| Vascular. Planar = SPECT Planar SPECT 
| Territory, #/Totai(%) #/Total(%) #/Total(%) #/Total (4) 
A. Detection of Coronary Artery Disease: Sensitivity 
Overall 51/76 (67) 68/76 (89)t 68/76 (89) 74/76 (97)* 
Anterior 23/52 (44) 36/52 (69)t 38/52 (73) 45/52 (85)+ 
Posterior 32/59 (54) 47/59(80)t 48/59(81) 51/59 (865) 
B. Exclusion of Coronary Artery Disease: Specificity 
Anterior 26/27 (96) 27/27 (100) 17/27 (63) 22/27 (81) 
in = 27) 
| Posterior 19/20 (95)} 14/20(70) 12/20 (60) 8/20 (40) 
{n = 20) 





SPECT versus planar: *p <0.05; tp <0.01; tp < 0.001. 
‘Strict versus liberal criteria for assessment: $p <0:.01; jp < 0.05, 
SPECT = single-ptioton emission computed tomography. 





“(“5”) or probably. (“4”) abnormal (Table IA). The 
overall detection of CAD by SPECT was 89% com- 
-pared with 67% by planar scans (p <0.01). When the 
detection of CAD was evaluated for the individual vas- 
cular territories, the detection of disease in the anterior 
vascular territory (left anterior descending artery) by 
SPECT was 69% compared with 44% by planar scans 


on (p <0.01). It was thought to be a useful clinical desig- 
~ mation to assess the right coronary and left circumflex 


< arteries as a combined posterior vascular territory since 
the patients studied had both right and left dominant 


-coronary artery circulations. In the posterior circulation, 
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eral (“3-5”) criteria, planar scanning in the anterior _ 
vascular territories had a sensitivity of 73% for detection 
of a defect compared with 86% with SPECT (p <0.01). 

In the posterior vascular territory, when the liberal cri- 

teria were used, planar and SPECT had similar sensitiv- 

ities of 81 and 87%, respectively. Therefore, when pla- 

nar scans were read incorporating “equivocal” studies 

as abnormal or positive, the sensitivity for detection of 

CAD approached that of SPECT at a strict decision 

threshold. 

Table IB demonstrates specificity in the individual - 
vascular territories. Specificity improved when strict cri- 
teria were used: This improvement was significant. for 
planar scans. Specificity for SPECT was high and there 
was no statistical difference using either strict or liberal 
criteria. Overall specificity for SPECT decreased in the 
posterior vascular territory. 

Receiver-eperating characteristic analysis: Diag- 
nostic accuraey for detection of disease in the anterior 
and posterior vascular territories was evaluated by gen- 
erating receiver-operating characteristic curves. Each 
operating point represents the sensitivity/specificity pair 
generated at a particular decision threshold. For anteri- 
or circulation, SPECT demonstrated improved diagnos- 
tic performance at multiple decision thresholds com- 
pared with planar scintigraphy (Figure 2A). Figure 2B 
displays the SPECT and planar receiver operating char- 
acteristic curves for the posterior circulation. At most 
decision thresholds for the posterior circulation, SPECT 
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gher sensitivity but lower specificity than 
maging. The nearly superimposable receiver-op- 
ng characteristic curves demonstrate similar diag- 
performance. This pattern i is similar to that previ- 
‘ously described with exercise thallium tomography.!5 
Receiver-operating characteristic analysis could not be 
performed for the overall detection of CAD because of 
the small number of patients without CAD in the study 
cohort. For this reason, receiver-operating characteristic 
curves could also not be generated for the subset analy- 
ses of the nature and extent of CAD as well as the pres- 
ence of prior myocardial infarction. 

Presence of prior myocardial infarction: The detec- 
tion of CAD defined as a stenosis of 270% in the pres- 
ence or absence of a prior myocardial infarction is de- 
picted in Table IIA. A history of a prior myocardial 
infarction. was present in 55 patients (70%). SPECT 
had significantly improved sensitivity in the presence of 
a myocardial infarct compared with planar scintigra- 
phy: 93 vs 75% (p <0.01). Even in the absence of a 
prior myocardial infarction, SPECT had an improved 
sensitivity for detection of disease of 81% compared 
with 50% for planar imaging (p <0.05). 

Severity of coronary artery stenosis: Angiographi- 
cally critical disease defined as 270% luminal narrow- 
ing of at least 1 artery was found in 59 patients (75%). 
In these patients, SPECT had significantly improved 
disease detection 90% compared with 69% for planar 
imaging (p $0.01). As CAD is a diffuse process, there 
may be clinically significant disease of $50 to 69% ste- 
nosis, which may not be considered angiographically 
critical. Coronary artery narrowing of lesser degrees 
was found in only 12 patients (15%), in whom detection 
of disease was 83% for SPECT and 58% for planar im- 
aging. This difference did not achieve statistical signifi- 
cance because of the small sample group size (Table 
HB). 

Extent of coronary artery disease: The overall de- 
tection of CAD in patients with single or multivessel 
involvement (stenosis 270%) is summarized in Table 
IIC: In the 33 patients with stenosis in only 1 coronary 
artery, CAD was detected with 88% sensitivity by 
SPECT compared with 58% by planar imaging (p 
<0.01). In the 43 patients with significant luminal ste- 
noses in >1 coronary artery, SPECT had improved sen- 
sitivity of 91% compared with planar sensitivity of 74% 
(p <0.05). 


DISCUSSION 

The results of this study demonstrate improved sen- 
sitivity for detection of CAD by SPECT thallium-201 
scintigraphy compared with planar imaging after dipy- 
ridamole infusion. This superiority extended to specific 
vascular beds at comparable decision thresholds; when 
subjected to receiver-operating characteristic analysis, 
the superiority of SPECT was only noted for the anteri- 
or vascular territory. 

_ Previous studies: This study analyzes dipyridamole 
use with SPECT thalliam-201, whereas previous stud- 
ies have evaluated SPECT thallium-201 after exercise 
stress testing.!> Dipyridamole has been used in conjunc- 
tion with thalliunr20) sigeg as an alternative 























TABLE if Detection of Coronary Artery Disease: Disease 
Severity (SPECT vs planar) 
SPECT oi Planar 
Disease Severity #/Total (%) #/ Totalt%) 
A. Myocardial infarction 7 
Absent 18/22 (82)* 11/22 (50) 
Present 51/55 (93)t 41/55 (75) 
B. Most severe vessel 
stenosis 
_ 50-69% stenosis 10/12 (83) 7/12 (58) 
2 70% stenosis 53/59 (90)t 41/59 (69) 
C. Extent of coronary ar- 
tery disease 
Single-vessel disease 29/33 (88)t 19/33 (58) 
Multivessel disease 39/43 (91)* 32/43 (74) 
i *p <0.05 SPECT vs planar. 
tp <0.01 SPECT vs planar. 
SPECT = single-photon emission computed tomography. 








to conventional exercise thallium stress testing.26°-!! 
There are many patients with suspected CAD who can- 
not adequately exercise because of vascular, orthopedic, 
neurologic or pulmonary limitations, and who can be 
evaluated for the presence of CAD by intravenous dipy- 
ridamole with thallium-201 scintigraphy. For myocardi- 
um perfused by a stenosed coronary artery, reduction in 
perfusion pressure may occur and blood flow either de- 
creases or is unchanged compared with the increased 
flow in normally perfused myocardial regions due to di- 
pyridamole vasodilatation. The overall detection rate of 
CAD by dipyridamole thallium scanning is comparable 
to that of exercise thallium imaging? !* ranging from 
67!2 to 93%.!8 However, comparison of these studies are 
limited due to varying definitions of CAD with luminal 
stenoses of 250! to 270%.8 

Planar versus SPECT thallium-201 scintigraphy: 
Planar dipyridamole thallium scintigraphy is subject to 
some of the same imaging limitations encountered with 
exercise thallium-201 studies. These include breast at- 
tenuation, which hinders visualization of defects in the 
upper septum and inferior walls and apical thinning in 
the scintigraphic image, which may be a normal vari- 
ant. Although not immune to the effects of attenuation, 
SPECT reduces imaging problems due to these artifacts 
and the effect of overlapping myocardial structures. 
Previous studies have shown SPECT to be superior 
in detecting CAD compared with conventional planar 
thallium-201 after exercise.!516 Our data demonstrate 
similar improved diagnostic performance for SPECT 
after dipyridamole infusion. The first published report 
of tomographic imaging after dipyridamole infusion 
used a 7 pinhole collimator to detect coronary stenoses 
of 270% and reported comparable sensitivities for pla- 
nar and tomographic imaging of 78 and 72%,° respec- 
tively. These forms of limited angle tomography are less 
widely available, and are subject to additional artifacts - 


and are more difficult to perform than SPECT. Ina : 


more recent study, DePuey et al! performed SPECT 
using bulls-eye maps, which demonstrated a sensitivity. 


of 89% for detection of 250% stenosis of any vessel, but 


comparison to planar imaging was not performed. 
Receiver-operating characteristic curves: Receiver- 
operating characteristic curves were generated to define- 
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- diagnostic performance lor SPECT and d glanar i imaging k 


-in the anterior and posterior vascular territories. In this 
Analysis, true-positive fraction represents sensitivity and 
is displayed on the Y-axis of the receiver-operating 
curve unit square. The false-positive fraction refers to 
1~specificity and is displayed on the X-axis of the re- 
ceiver-operating curve unit square. The ideal receiver- 
operating characteristic curve, which characterizes opti- 
mal diagnostic performance, is shifted upward into the 
left hand corner of the receiver-operating characteris- 
tic unit square. The SPECT receiver-operating charac- 
teristic curve for the anterior circulation (Figure 2A) 
demonstrates significantly improved diagnostic per- 
formance; planar imaging achieved the sensitivity of 

SPECT but at significantly lower specificity. The re- 
ceiver-operating characteristic curves for posterior 
circulation (Figure 2B) demonstrate no difference be- 
tween the diagnostic performance of SPECT and planar 
studies. Although SPECT demonstrates greater sensi- 
tivity at each decision threshold, this is achieved at a 
lower specificity, implying similar overall diagnostic 
performance. Therefore, liberal (5-3) diagnostic criteria 
should be avoided when assessing the posterior circula- 
tion because of the substantial loss in specificity similar 
to that reported for SPECT and planar imaging of thal- 
lium-201 uptake after exercise.!> 

Study limitations: Because of the high incidence of 

CAD in this patient population, overall specificity for 
the detection of significant CAD could not be accurate- 
ly assessed. In the individual vascular territories, both 

- sensitivity and specificity could be evaluated. The high 
incidence of CAD was a result of pretest screening by 
cardiologists and the fact that cardiac catheterization 
was performed at the discretion of the attending cardi- 
ologist. In this study, CAD was defined as =70% steno- 
sis. In prior studies using these criteria, diagnostic accu- 
racy of thallium-201 scintigraphy after dipyridamole 
had ranged from 598 to 81%,!! with a slightly higher 
incidence of 91%° when CAD was defined 250% steno- 
sis. The high incidence of patients who have had prior 
myocardial infarction contributed to the high incidence 
of CAD in this study. This reflects the clinical practice 
at our institution, that dipyridamole thallium testing is 
often used for postmyocardial infarction evaluation as 
previously reported by others.” 

_ Data from animal studies suggest that redistribution 
cannot be as rapid after dipyridamole in areas subserved 
by a stenotic vessel.!® Therefore, the slight delay in 
SPECT image acquisition, which always followed pla- 
nar images, should not have altered our results. 

Sensitivity for the detection of CAD in the individu- 
al vascular territories by thallium-201 scintigraphy was 
decreased !5:!6.!9:2! as confirmed by our data. Specifical- 
ly, the vascular supply of the inferior and lateral walls 
derives from the right coronary or left circumflex arter- 


= des, either of which may be dominant. Because of the 


clinical impact of this anatomic variance on the results, 
we divided the myocardium into anterior and posterior 
vascular territories. There was only | patient with iso- 
lated left circumflex artery disease; therefore, in most 
-patients with circumflex CAD there were also lesions in 
other arteries. With thallium-20! myocardial perfusion 
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imaging, the most severe vessel lesion ma obscure visu- 
alization of decreased perfusion i in another vessel terri- 
tory, since visual analysis consists of comparing the rela- 
tive activity in various regions of the myocardium. 

Specific problems in diagnosis of significant CAD in 
the right coronary artery have been addressed by oth- 
ers.!52! There may be normally decreased uptake in 
the inferobasal segment.'5 This has been attributed to 
greater attenuation, overlap of valvular structures and 
tomographic slices that may exclude myocardium in 
some sections.'> The inferobasal wall may be supplied 
by a dominant right coronary artery or by a dominant 
left circumflex artery branch. Therefore, the inferobasal 
segment was designated as part of the posterior vascular 
territory. 

Last, in this analysis, qualitative visual assessment 
was used. Most studies of thallium-201 scintigraphy af- 
ter dipyridamole infusion have used qualitative analysis 
of images.®!!~!3 Other investigators using quantitative 
analysis have demonstrated improved sensitivity! If 
quantitative methods had been used in this study, sensi- 
tivity may have been further increased. 
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_ Isosorbide Dinitrate in the Treatment of Silent o or 
Painful Myocardial Ischemia in 
Stable Angina Pectoris 


Jerzy P. Dubiel, MD, Krzysztof W. Moczurad, MD, and Leszek Bryniarski, MD 


A double-blind study was performed in 32 pa- 
tients with stable angina pectoris to assess the ef- 
fects of slow-release isosorbide dinitrate (ISDN) (a 
single dose of 120 mg/day) on the frequency and 
duration ot painless and painful ischemic epi- 
sodes, and on electrocardiographic changes and 
exercise tolerance. Forty-eight-hour electrocardio- 
graphic monitoring and treadmill exercise tests 
were performed before, and at 20 and 21 days of 
therapy. Holter monitoring showed a significant 
decrease in the frequency of painful and silent epi- 
sodes (p <0.001), and in the duration of painful 
(1,623 + 664 seconds vs 323 + 161 seconds; p 
<0.001) and silent episodes (2,818 + 1,496 sec- 
onds vs 223 + 102 seconds; p <0.001). The mag- 
nitude of painful and silent ST-segment depres- 
- -sion was significantly reduced (2.7 + 0.9 mm to 
» @.7 + 0.7 mm and 2.0 + 1.1 mm to 0.7 + 0.5 mm, 
respectively; p <0.001). Time of exercise testing 


_ to the onset of ST-segment depression (442 + 137 
` seconds vs 858 + 110 seconds; p <0.001) or an- 


-ginal pain was doubled (461 + 128 seconds vs 

» $30 + 130 seconds; p <0.001). The work load in- 
creased from 6 to 10 METs (p <0.001). ISDN in a 

“single dose of 120 mg/day is a valuable drug for 


: „stable angina pectoris, decreasing the frequency 


-of silent and painful ischemic episodes and the 
magnitude of ST-segment depressions, and in- 
creasing exercise tolerance. It particularly short- 
ened the duration of silent episodes. For patients’ 
compliance, a once-daily dose of ISDN could be 
advantageous. 

(Am J Cardiol 1992;69:1156-1160) 
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nostically adverse event in ischemic heart disease 
has been well documented by various investiga- 
tors, For its treatment they propose drugs that have 
proved efficacious in the classic forms of myocardial 
ischemia, namely nitroglycerin derivatives, calcium an- 
tagonists and -adrenergic receptor blockers. ™!? Silent 
myocardial ischemia has been found to occurs frequent- 
ly in stable angina pectoris despite conventional antian- 
ginal drug therapy. u 
Although various studies indicate that nitroglycerin 
derivatives are efficacious in the treatment of various 
angina syndromes, their role in the management of si- 
lent ischemia is not entirely defined.'!? The purpose of 
this study was to compare the incidence of silent and 
painful. myocardial ischemia in patients with stable an- 
gina pectoris during 48-hour electrocardiographic moni- 
toring and treadmill exercise testing before and after 
120 mg of slow-release isosorbide dinitrate (ISDN) 
(Isoket, Schwarz Pharma, Monheim) or placebo given 
in a single dose (once daily). 


METHODS 

The study group consisted of 32 patients (26 men 
and 6 women, average age 51 years [range 39 to 62]) 
including 25 with a previous myocardial infarction ex- 
perienced =3 months earlier (Table 1). The main cri- 
terion for patient selection was stable angina pectoris 
with a positive exercise test result. Patients with Prinz- 
metal’s variant angina, intraventricular conduction dis- 
turbances, left ventricular strain pattern, postural or 
hyperventilation ST changes and those taking drugs 
known to influence the ST-segment were excluded. Two 
patients did net complete the studies. One of them had 
a severe headache that did not allow him to take the 
drug. The other patient was not present at control ex- 
aminations 3 weeks later. Therefore, a total of 30 pa- 
tients were taken into account in the final evaluation. 
Seven days before Holter recording and stress testing all 
cardioactive drugs apart from sublingual nitroglycerin, 
if necessary, had been withdrawn. The studies were per- 
formed: in a parallel, double-blind manner. At 6 and 7 
days after drug withdrawal, 48-hour ambulatory elec- 
trocardiographic monitoring was performed followed by 
a treadmill exercise test. The patients received a placebo 
or slow-release ISDN in a single dose of 120.mg/day 
for 3. weeks. Forty-eight-hour electrocardiographic mon- 
itoring was repeated at 20 and 21 days of drug or place- 


S ilent myocardial ischemia as a frequent and prog- 





bo administration. At 21 days exercise testing was also 
repeated 2 noe after me ingestion. 
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bu tory ST-segment. recordings were obtained 


The magnitude of ST-segment depression was as- 
from leads CS, and CMs and alterations were 
led as trends on 2 channels. They were then com- 
red with the electrocardiographic tracing of each 
ischemic episode. The electrocardiographic strips were 
then analyzed to find the time of onset and the duration 
of ST-segment depression for each consecutive episode. 
Patients kept their diaries, noting the time of onset and 
duration of painful episodes. On the basis of Holter re- 
cordings and patients’ notes we identified painful and 
painless episodes. An episode of ischemia was defined as 
21.0 mm of horizontal or downsloping ST-segment de- 
pression at 80 ms from the J point lasting for 1 minute 
or more.}3 
A treadmill exercise test (CASE-12, Marquette 
“Electronics Inc.) was performed according to the modi- 
fied Bruce protocol.'* The test was interrupted when 
submaximal heart rate (85% of maximal heart rate) 
had been achieved or when limiting symptoms had ap- 
peared. The magnitude of ST-segment depression was 
evaluated for each minute of the exercise, immediately 
and at 2, 4, 6, 8 and 12 minutes after its termination. A 
significant episode was defined as =1.0 mm of ST-seg- 
ment depression at 80 ms from the J point compared 
with the rest of the ST-segment level. 
Statistical analysis: The differences in between- 
group results were analyzed using the Mann-Whitney 
and Wilcoxon tests. 


‘RESULTS 

‘Holter monitoring: Before treatment on the first day 
of electrocardiographic monitoring 15 patients who re- 
ceived slow-release ISDN had 77 (45%) and 94 (55%) 
painful and painless episodes of ST-segment depression, 
respectively; on the second day they had 84 (45%) and 
102 (55%) painful and painless episodes, respectively. 
The total number of painful and painless episodes of 
ST-segment depression was 357, and all patients experi- 
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| TABLE 1. Characteristics. of Patients ee ee 
Total ISDN Group Placebo Group 
No. of patients 32 16 16 
Men 26 13 13 
Women 6 3 F 
Age range {yr} 39-62 45-62 9-61 
Mean age (yr) 51+ 56 5244.9 50+ 5:7 
Men 51 52 50 
Women 51 53 50 
Prior MI 25 13 12 
Men 22 12 10 
Women 3 1 20° 
‘Mean age is £ standard deviation. | ; 
ISDN = isosorbide dinitrate; MI = myocardial infarction. 





enced >I episode within 48 hours of Holter monitoring. 
There were 161 painful (45%) and 194 painless (55%) 
episodes. The difference in the incidence of both types 
of episodes between the 2 days is not statistically signifi- 
cant (p >0.05). Lack of significant differences was also 
seen in the placebo group, in which the subjects experi- 
enced 62 painful (42%) and 86 painless (58%) episodes 
of ST-segment depression on the first day of electrocar- 
diographic monitoring, and 80 painful (45%) and 98 
painless (55%) episodes on the second day. The total 
number of episodes within 48 hours was 326, including 
142 painful (44%) and 184 painless (56%) episodes in 
the placebo group. 

At 3 weeks the number of painful and painless epi- 
sodes of ST-segment depression decreased markedly in 
the group taking the active drug. Patients who had 48- 
hour electrocardiographic monitoring exhibited a total 


of only 43 episodes (23 painful [54%] and 20 painless 


[46%}). The differences in the incidence of both types of 
episodes are highly significant in the patients receiving 
ISDN (p <0.001). In this group 4 patients (27%) did 
not experience symptomatic episodes on the 21st day of 
drug therapy. At 3 weeks 48-hour electrocardiographic 
recording in 3 patients (20%) showed no asymptomatic 
episodes of ST-segment depression; on the second day of 
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LE It Changes in Electrocardiogram and Duration of Episodes During Holter Monitoring in Patients Receiving Isosorbide Dinitrate | 





































a “Placebo Group : 
ae Baseline 20th Day 21st Day Baseline 20th Day 21st Day 
Painful episodes 
Duration (s) 797 + 516 201 + 224* 122 + 149* 612 + 317 708 + 347 820 + 598 
Painless episodes 
; Duration (s) 1,401 + 1,541 119 + 103* 104 + 102* 1,198 = 1,934 1,337 + 2,059 1,470 + 2,328 
Painful ST | (mm) 2720.9 1.0 + 0.6* 0.7 + 0.7* 2.1208 1920.5 2.1 +06 
Painless ST | mm) 20+ 1.1 0.7 + 0.5* 0.7 + 9.5* 2121.0 2.0.4 1.0 22411 
*p: <.0.001 vs baseline; other changes not significant. 
Data are mean + standard deviation. 
ISDN = isosorbide dinitrate; ST | = ST-segment depression. 
; aE Rn | 








TABLE lil. Changes in Initial Blood Pressure, Heart Rate and 
Work Load During Treadmiil Exercise Test in Patients Receiving 














| isosorbide Dinitrate or Placebo 
ISDN Group Placebo Group 
Baseline 21lstDay Baseline 21st Day 
f Systolic BP (mm Hg) 120 +12 113 £ 12* 125+ 15 129+ Lat 
Diastolic BP (mm Hg) 7926 75+6* 8347 8227 
Max. mean HR 12429 152+ 12* 129+13 127+ 16 
(beats/min) 
Max, mean work byad 6+ 2 10+ 1* 7£1 6t? 
(METs) 





Data are mean + standard deviation. i 
*p <0.001 vs baseline; tp < 0.05 vs baseline; other changes not significant. 


BP = blood pressure; HR = heart rate; ISDN = isosorbide dinitrate, 





monitoring no ST-depression was seen in 7 patients. 


_. Such beneficial changes were not observed in patients 
| receiving a placebo. In this group, control 48-hour elec- 
= = trocardiographic recording at 3 weeks showed a total 

of 372 episodes (148 painful [40%] and 224 painless 


. [60%]) i.e., 46 more episodes than before placebo ad- 
ministration (Figure 1). 

The duration of asymptomatic and symptomatic epi- 
sodes decreased significantly in the active drug group at 
3. weeks (p <0.001). No beneficial changes were ob- 
served in the placebo group, in which the increase dura- 

_. tion of both painful and painless episodes was not signif- 
-icant (Table ID. 

The. magnitude of ST-segment depression also de- 
creased significantly in patients receiving ISDN during 
both symptomatic and asymptomatic episodes. In the 
placebo group there were practically no major differ- 
ences in the magnitude of ST-segment depression dur- 
ing painful and painless episodes before and at 3 weeks 


of drug administration (Table II). The present study 


_ also showed that the majority of asymptomatic episodes 
“occurred between 6 aM. and 12 p.m. (44% of all asymp- 


-> tomatic episodes). No significant differences were found 


in the period of occurrence of asymptomatic episodes 
during placebo or ISDN treatment. 


‘Treadmill exercise stress test: Patients receiving 


___ ISDN had a significant decrease in systolic and diastol- 
_ ie blood pressure at 3 weeks (p <0.001). We did not 
_ observe a reduction in arterial blood pressure in patients 
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| TABLE IV Changes in Duration of Treadmill Exercise Testing 

| Until Anginal Pain, and ST-Segment Deviations and Changes in 
| ST-Segment Depression During Exercise Testing in Patients 

| Receiving Isosorbide Dinitrate or Placebo 














ISDN. Group Placebo Group 
Baseline 21st Day Baseline 21st Day 
! Test duration 461+ 128 830+ 130* 517 + 130 508 + 158 
» until AP (s) 
| Test duration 442 + 137 858+ 110* 515151 512+ 159 
| until ST | (s) 
| ST (mm) 30415 12206* 2521.5 23+ 14t 





Data are mean + standard deviation, 
*p <0.001 vs baseline; tp < 0.05 vs baseline; other changes not significant. 
AP = anginal pain; ISDN = isosorbide dinitrate; ST | = ST segment depression. 





receiving placebo; on the contrary, we found a slight but 
statistically significant increase in systolic blood pres- 
sure at 3 weeks after placebo administration. During 
the treadmill exercise test, after 3 weeks of ISDN thera- 
py, a significant increase in the attained heart rate was 
noted, which represented an increase from 74 to 91% of 
the expected values. The maximal! work load increased 
from 6 to 10 METs at 21 days after drug therapy (p 
<0.001) (Table IID). A mean duration. of the treadmill 
test to the onset of ST-segment depression lengthened 
significantly at 3 weeks, A similar significant increase 
was seen in the duration of the treadmill test to angina 
onset. Mean maximal ST-segment depression also de- 
creased significantly. Such beneficial changes were not 
observed in patients receiving a placebo (Table IV). 


DISCUSSION 

Many investigators believe that silent myocardial 
ischemia is a significant factor influencing progno- 
sis.'5-20 The Framingham study revealed that about half 
of unrecognized myocardial infarctions were silent, and 
the rest were so atypical that the diagnosis was not sus- 
pected.'>!6 Prognostic significance of silent myocardial 
ischemia depends on patient selection,!’ with prognosis 
being worse in high-risk groups.’ Morbidity and mortal- 
ity rates are increased in patients after myocardial in- 
farction and with transient ischemia, the bulk of which 
is asymptomatic.'*-20 There is a gradual tendency to be- 
lieve that silent myocardial ischemia is associated with a 
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risk similar to painful opimis of coronary artery dis- 
ease.?! -7 In this case an initiation of anti-ischemic ther- 
apy in patients with silent myocardial ischemia may sig- 
nificantly alter our strategy in the treatment of coro- 
„nary artery disease. Accordingly, treatment should aim 
at eliminating or decreasing the number of not only 
painful but also painless ischemic episodes.'' The treat- 
ment of patients with detected episodes of silent myo- 
cardial ischemia may decrease the risk of reinfarction 
and sudden death, but further controlled studies are re- 
quired. At present, ambulatory monitoring not only of 
ventricular ectopic activity but also of asymptomatic 
ST-segment depressions during normal daily activities is 
being performed more often.2425 With Holter monitor- 
ing, both the depression and elevation of ST-segment 
changes have been found to correlate with other isch- 
emic signs.!32526 Deanfield et al,!3 in analyzing rela- 
tionships between myocardial uptake of rubidium-82 
and electrocardiographic ST-segment changes during 
bicycle exercise testing in patients with stable angina 
and in normal subjects, found that ischemic changes in 
healthy persons were absent in electrocardiographic 
tracings after exercise, whereas ST-segment depression 
as well as a decreased uptake of rubidium-82 was noted 
in a large number of patients with coronary artery dis- 
ease. This indicates that electrocardiographic ST-seg- 
ment changes are indicative of myocardial ischemia. A 
number of studies show that the incidence of painless 
episodes accompanied by ST-segment depressions may 
range from 70 to 90%. '011,13.25.26 
Our double-blind study indicates beneficial effects of 
slow-release ISDN in a single dose of 120 mg/day on 
the incidence of painful and painless episodes of myo- 
cardial ischemia manifested by ST-segment depression 
during 48-hour electrocardiography in patients with sta- 
ble angina pectoris. Administration of a drug in a single 
dose may favorably influence the patients’ well-being, 
and it may also be a factor improving the patient-physi- 
cian relation, so important in chronic therapy. In our 
study the number of asymptomatic episodes decreased 9 
times, whereas the number of painful ST-segment de- 
pressions decreased 8 times. ISDN also produced a sev- 
eral-fold decrease in the duration of painful and painless 
episodes, as well as a significant reduction in the magni- 
tude of symptomatic and asymptomatic ST-segment 
depressions during Holter monitoring. During ISDN 
treatment the maximal work load increased by more 
than 1.5 times. Patients receiving a placebo had no im- 
provement in the number of painful and painless epi- 
sodes, in their type in the 48-hour electrocardiographic 
recording, or in the work load during the treadmill exer- 
cise test. 
“Recent studies also show favorable effects of ISDN 
in patients with silent myocardial ischemia,*+??’ em- 
phasizing a reduction in the frequency of both painful 
and painless ischemic episodes. The results of trials with 
nitrates suggest that medium-sized coronary arteries, 
‘such as epicardial arteries, may be particularly suscepti- 
ble to their influence.?* Brown”® found that nitroglycer- 
-tyand ISDN increase the luminal area of normal coro- 











nary arterial segments by an average of 20% and the 
diameter at the site of stenosis by 29%. They claim that 
nitrates may riot only dilate about 70% of coronary ste- 
nosis but also increase coronary collateral flow to the 
ischemic myocardium, thereby preventing or reversing 
myocardial ischemia. In recent years Feng et al°° and 
others!©9 have found that nitrates significantly reduce 
the incidence of silent ischemic episodes. 

From these and other studies it may be assumed that 
improved myocardial perfusion resulting from coronary 
vasodilatation and a simultaneous decrease in myocardi- 
al oxygen demand after ISDN significantly attenuate 
silent myocardial ischemia. 
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- Cordarone® (amiodarone HCI) Tablets. 
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{See Package Circular tor tuli prescribing information.) 
indications and Usage 





y Because. af life-threatening side-effects and 
substantial management difficulties (See “Warnings” below) use only 
for treating documented, life-threatening recurrent: ventricular 
fibtillation or recurrent hemodynamically unstable ventricular 
tachycardia that are urvesponsive to documented adequate doses of 
other antiarchythrnies or when alternative agents are nol iclerated. 
Controlled trials show no evidence that Cordarone favorably affects 
survival: 
For use only by physicians familiar with and with access to (directly or 
via referral} all available modalities fcr treating recurrent tife- 
threatening ventricular arrhythmias, including access to appropriate 
monitoring facilities and continuous slectracardiographic monitoring 
and electrophysiolegic techniques. Due to the life-threatening nature of 

the afthythmias treated, potential interactions with prior therapy, and 
potential arrhythmia exacerbation, stet Cordarone in a hospital setting. 
Contraindications: Severe sinus-nade dystunction, with marked 
sinus bradycardia; 2nd- and 3rd-degree atrioventricular {AV} block, 
episodes of bradycardia which cause: syncope (excep! when used with a 
pacemaker): known hypersensitivity to the drug. 


2 Seay, anid pulmcnary-kinction ‘ests (with diflusion cap: 





Warnings: Cordarone is intended for use only in pationts 
with the indicated life-threatening arrhythmias because its 
use is accompanied by substantial toxicity, 


Cordarone has several potentially tatal toxicities, the most 
important of which is pulmonary toxicity (hypersensitivity 
pneumonitis or i ai/ alveolar pneumonitis) that has 
resulted in clinically manifest disease at rates as high as 
10.to 17% in some series of patients with ventricular 
arrhythmias sivan doses around 400 mg/day, and as 
Repeat eee Poneto ar 
j ga of patie monary toxi as beon 
fatal about 10% of the time. Liver inju s common with 
Cordarone; but is usually mild and evidenced only by 
‘abnormal liver enzymes. Overt liver disease can occur, 
however, and has been fatal in a few cases. Like other 
antiarrhythmics, Cordarone can exacerbate the arrhythmia, 
th hy making the a mis fess wal! tolerated or more 
difficult to reverse. This has cecurred in 2-5% of patients in 
owarlous series, and significant heart block or sinus 
india has been seen in 2-5%, All of these events 
: be manageable in the proper clinical in most 
“gazes. Although the frequency of such proarrtythmic 
events does not appear greater with Cordarone than with 
many other agents used in this population, the effects are 
prolonged whan they occur. 


Even in patients at high risk of arrhythmic death, in whom 
the toxicity of Cordarone is ar acceptable risk, Cordarone 
poses major management problems that could be lite- 
threatening in a population at risk of sudden death, so that 
every should be made to utilize alternative agents 


The difficulty of using Cordarene effectivaly and sate! 
iteelt poses a significant risk to patients. Patients. with the 
indicated a mias must be hospitalized while the 
loading dose of Cordarone is given, and a nse 
generally roqui aires at least one week, usually two or more. 
; usea! and elimination arẹ variable, 
“ maintenant: selection ix difficult, and it is not 
unusual to require dosage decrease or discontinuation of 
treatment, ina retrospective survey of 192 patients with 
ventricular mias, 84 required dose reduction 
and 18 required at least temperary discontinuation because 
of adverse effects, and several series have reported 15 to 
20% overall frequencies of discontinuation due to adverse 
reactions. The time at bere a paar comrolied lite- 
throatoning arrhythmia will recur after nuation or 
dose. adjustment is unpredictable, ranging from weeks to 
months. The patient is obviously at great risk during this 
time and miy naod prolonged hospitalization. Attempts to 
substitute other anti: mic agents when Cordarone 
must ho stopped will be made difficult by the gradually, but 
unpredictably, changing amiadarone burden. A 
similar problem exists when Cordarone is not effective; it 
still poses the risk of an interaction with whatever 
subsequent treatment is tried. 








PULMONARY TOXICITY: Cordarone may cause a syndrome of cough 
and progressive epea with functional, radiographic, gallium-scan 
and pathological data consistent with pulmonary toxicity, frequency 
usually varias from 2-7%, but can be as high as 10-17%. Thus, at start 
of therapy, pertorm baseline chest x-ray and pulmonary-function tests, 
including diffusion capacity. Repeat history, physical exam (PE), and 
chest x-ray every 3-6 months. 
Preexisting'pulmonary disease does: not appear to increase risk of 
toxicity; however, prognosis is poorer if pulmonary toxicity develops. 
Cordarone-induced pulmonary toxicity seems to result from indirect 
{hypersensitivity pneumonitis) or direct (interstitial/alveolar 
pneumonitis) toxicity. 
se ec beag jvity pneumonitis usally appears early in therapy; 

lenge results in a more rapid and severe recurrence 
Bronchoalveolar lavage is procedure of choice to confirm diagnosis, 
made when:a T suppressor/cytotoxic (CD8 - positive} lymphocytosis 
noted, Treat with steroids and stop Cordarone. 
InterstitiaValveoiar pneumonitis. characterized by diftuse alveolar 
damage, interstitial pneumonitis or brosis in lung biopsies. 
Phosphiolipidosis {foamy cells, foamy macrophages) is present in most 
cases of Cordarone- induced pulmonary toxicity; however, this also 
occurs in approximately 50% of all Cordarone patients. Use these cells 
as therapy markers, not evidence of toxicity. If interstitial/alveolar 
pneumonitis is diagnosed, reduce dose or, preferably, withdraw 
Cordarone, especially if other accep‘able antiarrhythmies are available. 
Where these measures were instituted, symptoms usually decreased in 
the first week; most clinical improvement was in first 2-3 weeks. Chest 
X-tay changes usually resolve in 2-4. months. Some experts fee! 
steroids may be helpful. Prednisone (40-60 mg/day) oF equivalent 
doses of other steroids have been used and tapered over several weeks 
At times rechallenge at a lower dose will not result in return of toxicity. 
Reports suggest lower loading and maintenance doses.are associated 
with a lower incidence of pulmonary toxicity, 
in Cordarone patients, any new respiratory symptoms suggest a 
possibility of pulmonary toxicity; repeat and evaluate history, PE, chest 








j acit} 
decrease in diftusion capacity has a high sensitivity bulonlya << 
moderas speciei tor pulmonary toxicity. as decreases in diflusiin’ > 
capacity approach 
A diagnostic gallium scan may also be performed. 

Fatalities from pulmonary toxicity oceur about 10% of Cases. 
However, when life-threatening arrhythmias exist, stop 

Cordarone (amiodarone HCI cautiously if drug-induced pulmonary 
toxicity is suspected. As the most common cause of death in these 
patients is sudden cardiac death, first rule out other causes of 
fespiralory impairment. Bronchoalveolar lavage or lung biopsy may be 
necessary to confirm the diagnosis, especially when there is no 
acceptable alternative therapy 

if hypersensitivity pneumonitis s diagnosed, stop Cordarone and treat 
with stercids, if Gordarane-induced interstitial/alveolar pneumonitis is 
diagnosed, start steroids and, preferably, stop Cordarone or. minimally, 
reduce the dose. Some cases may resolve after dose reduction and 
steroid use. Sometimes, rechallenge at lower doses did not result in 
return of interstitial/alveolar pneumonitis; however, pulmonary lesions 
ate irreversible in some. 

WORSENED ARRHYTHMIA: Cordarone may cause serious 
exacerbation of a presenting armythmia, possibly enhanced by 
concomitant antiarrhythmic thecapy. Exacerbation (about 2-5% in most 
series), includes new ventricular fibrillation, incessant ventricular 
tachycardia, increased resistance to cardioversion, and Torsade de 
Pointes. Cordarone has caused symptomatic bradycardia or sinus 
arrest with suppression of escape foci in 2-4% of patients. 


LIVER INJURY: increased hepatic enzymes, mostly asymptomatic, are 
seen frequently. Consider discontinuation or dose reduction if increase 
exceeds 3 times normal, or doubles in patient with elevated baseline. 
Rarely, hepatic failure has beendatal 


PREGNANCY ~~ PREGNANCY SATEGORY D: Cordarone is embryotoxic 
(increased fetal resorption and growth retardation) in rats at 18 times 
the maximum recommended oral maintenance dose. Similar results are 
seen in one mice strain at about 1/2 the maximum recommended 
maintenance dose or higher, but not in a second strain nor rabbits at 
doses up to 9 times the maximem recommended maintenance dose. 


Neonatal hypo- or hyperthyroidisrh: in utero exposure can cause 
fetal harm, There are some reports af congenital goiter/ hypothyroidism 
and hyperthyroidism. | used anytime during pregnancy apprise patient 
of potential fetal hazard. In general, use during pregnancy only if 
potential benefit to the mother justifies unknown felal risk. 


Precautions 


CORNEAL MICRODEPOSITS; IMPAIRMENT OF VISION: Corneal 
microdeposits appear in a majority of adults on Cordarone. Usually 
discernible only by slit-lamp, up to 10% of patients have symptoms 
like visual halos or blurred vision. Micradaposits are reversible if dose 
reduced or treatment stopped: # asymptomatic, no need to reduce dose 
or stop drug. 


PHOTOSENSITIVITY: Seen in about 10% of patients: sun-bartier 
creams ar protective clothing may afford some protection. On long- 
term therapy, may have a blue-gray skin discoloration of exposed skin. 
Fair complexion or excess sun exposure may increase risk; also may 
be related to cumulative dose and therapy duration, 
THYROID ABNORMALITIES: Cordarone inhibits conversion of 
thyroxine (T4) to triiodothyronine (T) and may cause increased 
toxine, decreased Ta, and increased levels of inactive reverse Ta 
(rT) in clinically euthyroid patients, Due to its release of inorganic 
iodine, of perhaps other reasons, Cordarone can cause either hypo- or 
hyperthyroidism. Monitor thyrcid function before treatment and 
periodically thereafter, particularly in the elderly and those with history 
of thyroid nodules, goiter, or other thyroid dysfunction. Due to slow 
elimination of Cordarone and its metabolites, high plasma iodide 
levels, altered thyroid tunction,and abnormal thyroid-function tests 
may persist for weeks or months after withdrawal. 


Hypothyroidism occurred in 2-4% of patients in most series, but in & 
10% in some. To treat. reduce Cordarone dose and/or give thyroid 
hormone supplement. individualize therapy: may need to stop 
Cordarone. 

Hyperthyroidism occurs in about 2% of patients; incidence may be 
higher with prior inadequate dietary iodine intake. Cordarone-induced 
hyperthyroidism is usually a greater hazard than hypothyroidism due to 
possible arrhythmia breakthrough or aggravation. IF ANY NEW SIGNS 
OF ARRHYTHMIA APPEAR, THE POSSIBILITY OF HYPERTHYROIDISM. 
SHOULD BE CONSIDERED. Flat TSH response to TRH is confirmatory. 
Since arrhythmia breakthroughs may accompany Cordarone-induced 
sala abreeha aggressive medical treatment is indicated, including, 
if possible, dose reduction or Cordarone withdrawal, Antithyroid drugs, 
B-blockers and/or temporary steroid therapy may be needed. (See ful 
prescribing information for additional information regarding treatmert). 
SURGERY: Hypotension Postbypass: Rarely, hypotension is seen on 
cessation of cardiopulmonary bypass during open-heart surgery in 
Cordarone patients; relationshio to Cordarone is unknown. 

Adult Respiratory Distress Syndrome (ARDS): Rarely, ARDS 
occurs in Cordarone patients alter surgery. Patients usually respond to 
vigorous respiratory therapy, rarely, the outcome is fatal. The 
mechanism may be generation:o! superoxide radicals during 
oxygenation; therefore, keep operative FiO, as close to room air as 
possible. 

LABORATORY TESTS: Elevated liver enzymes (SGOT and SGPT) can 
occur: monitor closely if high maintenance doses used. Consider dose 
reduction or stopping therapy # significant elevations persist or 
hepatomegaly occurs. 

Thyroid-function tests (increased Ta and reverse Tz, and decreased Ta) 
may be anore; despite these changes, most patients remain clinically 
euthyroid. 


DRUG INTERACTIONS: Few drug-drug interactions have been explored 
formally but most have shown an interaction, Thus, anticipate other 
interactions, especially drugs with potentially serious toxicity, like other 
antiarthythmics. With its tong, variable halt-lite, a potential for 
interaction also exists with drugs given after stopping Cordarone. 
Digitalis: Serum digoxin increases tby up to 70%} and may reach 
toxic levels; onset is about 1 day. On initiation of Cordarone, 
review need for digitalis and reduce its dose by about 50% 
or stop it, If digitalis continued, monitor serum levels closely and 
observe for toxicity. Precautions probably also apply to digitoxin. 
Anticoagulants: Potentiation of warlarin-type anticoaguiant response 
is almost always seen and-cansesult in serious or fatat bleeding. 
Prothrombin time.may increase by 100%: onset is 310.4 days. 
Reduce anticeaguiant dose by 1/3 to 1/2, and-moniter 
prothrombin times closely. 


Antiarrhythmic Agents: trough: they have been used concurrently 
with Cordarone, steady-state levels af quinidine, procainamide, and 
phenytoin may increase during such combined therapy. Quinidine 





A1 o Serum concentrations 


O, sensitivity dacteases but specificity increases: -, 
incompletely respon: 



























Procainamide serum content may increase by 55% (n-acetyl 
procainamide by 33%) nc in general, reserve such. 
combinations for patients with life-threatening ventricular arrhythmias: 
ASC a Single agent, or incompletely responsive: 
to- Cordarone (amiodarone HCI), and start any added antiarrhythmic ata: 
Jower than usual dose wih careful monitering: During transfer to 
Cordarone, reduce dose af previous agents 30-50% several days after 
adding Cordarone; when arrhythmia suppression should be starting. 
Alter Cordarone eltects.a-e established, discontinue other 
antiarthythmics if possite. If treatment is maintained, continue 
monitoring carefully tor adverse effects, especially conduction 
disturbances and exacerbation of tachyarrhythmias. In Cordarone 
patients requiring additicnal antiarrhythmic therapy, initial dose of such 
agents should be approximately 1/2 of the usual dose. 
Use Cordarone cautiously with B-blockers or calcium antagonists as 
bradycardia, sinus arrest. and AV black may be potentiated; if 
necessary, Cordarone can-continue aller pacemaker insertion in 
patients with severe bradycardia or sinus arrest. 
ELECTROLYTE DISTURBANCES: May be ineffective or arrhythmogenic 
it hypokalemia is present correct any potassium or magnesium 
deficiency before starting drug. 
CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: 
Fertility reduced in male and female rats at 8 x the highest 
recommended human maintenance dose. Cordarone caused a 
statistically significant, dose-related increase in thyroid tumors in rats. 
Incidence greater than control even a fewest dose tested, ie., about 1/2 
the highest recommended human maintenance dose. Mutagenicity 
studies were negative, 
PREGNANCY: PREGNANCY CATEGORY D ~- See Warnings. 


LABOR AND DELIVERY: Occurrence of adverse effects during labor or 
delivery is unknown. Preclinical studies in rodents have shown no 
effect on gestation duration or parturition. 


NURSING MOTHERS: Cardarone is excreted in human milk; breast- 
feeding may expose nursing iniants to a significant drug dose. Nursing 
offspring of tactating rats given Cordarone were less viable and had 
reduced body-weight gaits, Advise mothers to discontinue nursing 
before taking. 


PEDIATRIC USE: Safety and effectiveness have not been established. 


Adverse Reactions: Adverse effecis are very common (about 3/4 of 
all patients) with doses cf400 mg/day or more, and cause 7-18% to 
discontinue. The most serious are pulmonary toxicity, arrhythmia 
exacerbation, and rare serious liver injury (see "Warnings’), but other 
adverse effects constitute important problems. They are often reversible 
by reducing dose and visually always reversible by stopping 
Cordarone, Most adverse affects appear more frequent with continued 
treatment beyond 6 monihs; rates appear relatively constant beyond 
one year. Neurologic prablems, including malaise and fatigue, tremor 
and involuntary movements, poor coordination and gait, and peripheral 
neuropathy arè common: {20-49% of patients), these may respond to 
dose reduction, rarely need to stop therapy. 


Gastrointestinal (Gl) cormplaints, commanly seen with high doses 
(i.e., toading dose), usually respond to dase reduction or divided 
doses; rarely need to step drug. 

Asymptomatic corneal microdeposits. See Precautions and full 
prescribing intormation. 


Photosensitivity, See Prasautions and fuli prescribing information. 


Cardiovascular adverse ‘eactions. other than arrhythmia exacerbation, 
include the uncommon occurrence of congestive heart failure (3%) and 
bradycardia, Bradycardie usually responds to dose reduction but may 
require a pacemaker. CHF rarely requires stopping drug. Cardiac 
conduction abnormalities occur infrequently and are reversible upon 
stopping drug. 

The following side-ettect rates are based on a retrospective study of 
241 patients treated for 2 to 1,515 days {mean 441.3 days). 


Each reported in 10-33% ot patients: Gi—Nausea and vomiting. 


Each reported in 4-9% of patients: Dermatologic—Solar 
dermatitis/photosensitivity; Neurologic—Malaise and fatigue, 
tremor/abnarmal involuntary movements, lack of coordination, 
abnormal prana dizziness, paresthesias, Gl~Constipation, 
anorexia, Ophthalmologic—Visual disturbances; Hepatic~Abnormal 
tiver-tunction tests; Respiratory--Pulmonary inflammation or fibrosis. 
Each reported in 1-3% of patients: Thycoid—Hypo- or 
hyperthyroidism; Neurotngic~Decreased libido, insomnia, headache, 
sleep disturbances; Cardiovascular-CHF, cardiac arrhythmias, SA 
node dysfunction; Gi-Abdominal pain; Hepatic-Nonspecitic hepatic 
disorders; Other-Flushing, abnormal taste and smell, edema, abnormal 
salivation, coagulation abnormalities. 


Each reported in < 1% of patients: Blue skin discoloration, rash, 
spontaneous ecchymosts, alopecia, hypotension, and cardiac 
conduction abnormalities. Rarely hepatitis, cholestatic hepatitis, 
cirrhosis, optic neuritis, epididymitis, vasculitis, pseudotumor cerebri, 
and thrombocytopenia. 

Adverse reactions most ‘requently requiring Cordarone discontinuation 
include pulmonary infiltrates or fibrosis, paroxysmal ventricular 
tachycardia, CHF, and evevated liver enzymes. Symptoms causing 
discontinuation less often include visual disturbances, solar dermatitis, 
blue skin discoloration, nyper- or hypothyroidism. 

Overdosage: The few ports of Cordarone overdose, in which 3 to 8 
grams were taken, resulted in no deaths or permanent sequelae. Animal 
Studies indicate that Cosdarone has a high oral LDag (>3,000 mg/kg) 


Along with general supportive measures, monitor patient's cardiac 
rhythm and blood pressure; if bradycardia ensues, may use a 
-adrenergic agonist or pacemaker. Use positive inotropic and/or 
vasopressor agents to treat hypotension with inadequate tissue 
perfusion. Neither Cordarone nor its metabolite is diaiyzable. 


Dosage and Administration: See hi! prescribing information. 
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Comparison of Results of Percutaneous 
Transluminal Coronary Angioplasty With and 
Without Selective Requirement of 
Surgical Standby 


Andrés Iñiguez, MD, Carlos Macaya, MD, Rosana Hernandez, MD, Fernando Alfonso, MD, 
Javier Goicolea, MD, Jorge Casado, MD, and Pedro Zarco, MD 


To determine the outcome of percutaneous trans- 


luminal coronary angioplasty (PTCA) with the use 
of 2 different strategies of surgical coverage, the 
results of 1,283 consecutive PTCAs were ana- 
lyzed. In 269 procedures (21%) (patients consid- 
ered at high risk should acute vessel closure oc- 
cur — standby group) the operating room and the 
surgical team were ready for an immediate inter- 
vention. In the remaining 1,014 procedures (79%) 
(backup group), although the surgical team was 
“in house,” they were not necessarily ready for an 
immediate intervention. Mean age of the popula- 
tion was 58 + 10 years and 84% of patients were 
men. Coronary risk factors, medical treatment, 
clinical indication for PTCA, previous coronary 
surgery and left ventricular ejection fraction were 
similar in both groups. Dilatation was more fre- 
quently multiple (23 vs 16%, p <0.05), or per- 
formed in the left anterior descending coronary 
artery (71 vs 46%, p <0.001), in bypass grafts (4 
vs 2%, p <0.02), in proximal coronary segments 
(72 vs 57%, p <0.001) or in lesions at bifurcation 
(35 vs 28%, p <0.02) in the standby than in the 
backup group, respectively. PTCAs were less fre- 
quently performed during the same diagnostic 
procedure (15 vs 34%, p <0.001) in the standby 
group. Angiographic success was obtained in 91 
and 92% of the attempted lesions and PTCA suc- 
cess in 89 and 88% of the procedures in the 
standby and backup groups, respectively. The in- 
cidence of death (1 vs 0.7%), acute myocardial in- 
farction (2.9 vs 2.7%) and emergency surgery 
(0.7 vs 0.1%) was also similar in both groups. Our 
results suggest that (1) PTCA is a safe procedure 
with a relatively low incidence of complications, in- 
dependent of the surgical coverage used; (2) a rig- 
orous surgical standby is not necessary during all 
PTCA procedures; and (3) criteria for a better se- 
lection of high-risk patients who will require a rig- 
orous surgical coverage are still urgently needed. 
(Am J Cardiol 1992;69:1161-1165) 


From the Cardiopulmonar Department, Hospital Universitario “San 
Carlos,” Madrid, Spain. Manuscript received September 20, 1991; 
revised manuscript received and accepted December 19, 1991. 

Address for reprints: Carlos Macaya, MD, Hospital Universitario 
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percutaneous transluminal coronary angioplasty 

(PTCA) in which surgery provides an expedi- 
tious method to solve complications. For this reason an 
experienced cardiovascular surgical team should always 
be available for emergency surgery when PTCA proce- 
dures are being performed.'! However, the precise ar- 
rangement for surgical standby varies from institution 
to institution. After PTCA, an incidence of 2 to 11% 
of acute coronary vessel closure has been reported.?-6 
Acute coronary vessel closure does not always imply a 
new myocardial infarction. Patients with acute closure 
during PTCA usually are considered candidates for 
emergency surgical revascularization in order to prevent 
acute myocardial ischemia and ongoing myocardial in- 
farction. Nevertheless, previous studies reported that 33 
to 71% of patients who underwent emergency surgery 
developed a new myocardial infarction and 3 to 6% of 
them died during the perioperative period.*”* In addi- 
tion, a repeat dilatation of the acutely closed vessel may 
be attempted as a conservative alternative to emergency 
bypass surgery.*-© For this reason and because of the 
suboptimal results obtained with emergency coronary 
surgery after PTCA-related complications, we designed 
the present study to evaluate the impact of 2 strategies 
of surgical coverage, namely a “rigorous surgical stand- 
by” and a “surgical backup” (“in house” surgical team, 
but not necessarily ready to operate immediately), in 
the short-term results of PTCA. 


Te are specific emergency situations during 


METHODS 

Between January 1986 and December 1990, a total 
of 1,283 consecutive PTCAs were performed at our in- 
stitution. In 269 PTCAs (21%) (334 lesions, 229 pa- 
tients) a rigorous standby surgery was organized (stand- 
by group). In the remaining 1,014 PTCAs (79%) (1,204 
lesions, 841 patients) (backup group) such type of surgi- 
cal coverage was not required, although cardiac surgery 
was still available “on site.” PTCAs were performed us- 
ing steerable guidewire coronary angioplasty systems 
with a conventional coaxial or monorail technique. Dur- 
ing the last 287 procedures of this series, the Palmaz- 
Schatz coronary stent was available and coronary stent- 
ing was considered in patients with suboptimal result, 
large subocclusive dissection or acute vessel closure dur- 
ing PTCA. 

Definitions: Angina was considered unstable if at 
rest, recent onset (<1 month), after infarction or pro- 
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TABLE 1 Demagraphic Data 








Groups | 








Standby Backup 
No, of procedures/pts. 269/229 1,014/841 
Age (yn 5729 59+ 11 
Men/women 169/50 699/142 
Coronary risk factors 
Hypartensian 119 (44%) 453 (45%) 
Diabetes 58 (22%) 173 (17%) 
Hypercholesterclemia 95 (35%) 415 (41%) 
Smokers 186 (69%) 698 (69%) 
Family history 63 (23%) 222 (22%) 
Prior myocareial infarction 112 (42%) 454 (45%) 
Prior coronary surgery 21 (8%) 63 (6%) 
Prior cardiac tailure 15 (6%) 30 (3%) 
Treatment bere PTCA 
Nitrates 213 (79%) 848 (84%) 
B blockers 108 (40%) 395 (39%) 
Calcium antagonists 221 (82%) 795 (79%) 
Aspirin 191 (71%) 729 (72%) 
Heparin 34 (13%) 127 (12%) 
PTCA = percutaneous transluminal coronary angioplasty. 














gressive despite adequate medical treatment. Coronary 
-artery disease was considered multivessel if stenosis 
>50%, by visual assessment, was present in 22 major 
coronary arteries. Only severe stenosis (275%) was con- 
sidered for dilatation. Angiographic success was defined 
if luminal narrowing was reduced >20% and residual 
stenosis <50%.' PTCA procedures were considered suc- 
cessful when (1) angiographic success was achieved; (2) 
no major complication (death, acute myocardial infare- 
tion, cardiac: surgery) occurred during hospitalization; 
‘and (3) there was no evidence of vessel closure during 
hospitalization. In patients undergoing multivessel dila- 
tation, the PTCA procedure was considered successful 
if, at least the “culprit” lesion was successfully dilated 
-and there was absence of major complications. ? Acute 
vessel occlusion was considered as “early closure” when 


LESION MORPHOLOGY 


Ece Irr Cal Bend Thr 


* “pol ae 0.02 


FIGURE 1. Selid bar, standby group; slashed bar, backup — 
group. Bend = at bend point > 45°; Bit = at bifurcation; 

calcified; Ecc = eccentric; irr = irregular; Long = lesion length 
210 mn; The = thrombus. 









it occurred during the procedure. 
left the catheterization room, and- - 
when a vessel, initially dilated with. success, had acute _ 
occlusion after the patient had left the catheterization — 
room, but during hospitalization. 

Surgical coverage was considered as standby if the © 
surgical team and the operating room were ready for 
an emergency intervention te be started immediately. 
Standby surgery was required for patients who were po- 
tential surgical candidates and in whom the eventual 
closure of the attempted vessel was considered to be life- 
threatening. In the remaining patients, urgent surgery 
was still possible because the surgical team was in- 
house, but not necessarily ready to operate immediately 
(surgical backup group). General guidelines to exclude 
patients for rigorous surgical coverage were: patients 
not willing to be operated on, coronary anatomy not 
considered suitable for surgical revascularization, a con- 
comitant severe noncardiac disease, a prior myocardial 
infarction in the myocardium supplied by the vessel to 
be dilated, or dilatation of vessels with chronic total oc- 
clusions. Nevertheless, the decision of the kind of surgi- 
cal coverage required during PTCA was eventually 
made, on an individual basis, by the cardiologist per- 
forming the procedure, taking clinical and angiographic 
factors into consideration. 

Data management and analysis: Data were pro- 
spectively entered into a database specially designed 
for PTCA (Angiosystem-Cormedica™) installed on an 
IBM computer. Discontinuous variables were analyzed 
as percentages and continuous variables as mean + 
standard deviation, and compared by the chi-square and 
Student’s z test, respectively. Differences were consid- 
ered statistically significant at p <0.05. A logistic re- 
gression analysis was performed using computer soft- 
ware (SPSS/PC + Advanced Statistics™, V2.0) to de- 
termine independent correlates of acute vessel closure. 


RESULTS 

Age, sex, coronary risk factors and patient’s medica- 
tion were similar in both groups (Table I). Indication 
for PTCA was also similar in both groups: unstable an- 
gina in 188 (70%) versus 681 (67%) (p = not significant 
[NS]), stable angina in 54 (20%) versus 205 (20%) 
(p = NS), acute myocardial infarction in 6 (2%) versus 
40 (4%), and silent ischemia in 21 (8%) versus 88 (9%) 
in the standby and backup groups, respectively. Baseline 
lesion morphologic features are shown in Figure 1. Ta- 
ble II summarizes the angiographic findings. A previous 
inferior myocardial infarction was present in 221 pa- 
tients (34 in the standby and 187 in the backup groups). 
The attempted lesion was located in the left anterior 
descending coronary artery in 13 of these patients 
(38%) with a previous inferior myocardial infarction in 
the standby group and in 30 patients (16%) in the back- 
up group (p <0.01). 

Procedural data: Standby group patients underwent 
multiple dilatation more frequently (>1 lesion or >1 
vessel, or both) and PTCA during the same angiograph- 
ic diagnostic procedure less frequently than in the back- 


up group: patients. Angiographic and PTCA success 
‘rates were similari in both groups (Table ee In cases of 
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u Angiographic Findings 
S Groups 
Standby 
334 


Backup 
1,204 























-| No. of arteries narrowed 














_| Native coronary artery 321 (96%) 1,179 (98%) NS 
| Grafts. 13 (4%) 25 (2%) <0.02 
Native lesion location 
-Left anterior descending artery 227(71%) 539 (46%) <0.001 
Circumflex artery 42 (13%)  266(22%) <0.01 
Right coronary artery 52 (16%)  374(32%) <0.001 
Segment location 
Proximal 240 (72%)  687(57%) «0.001 
Middie/distal 94 (28%) 517 (43%) <0.001 
Stenosis before PTCA 87 + 8% 88 + 26% NS 
Stenosis after PTCA 28+ 23% 26+ 22% NS 
1-vessel disease 150 (56%) 592 (58%) NS 
Totally occluded vessels 20 (6%) 97 (8%) NS 
Collateral circulation 68 (20%) 218 (18%) NS 
LVEF 65 +11 64+ 13 NS 
LVEF <50% 23 (12%) 121 (16%) NS 





LVEF = left ventricular ejection fraction; NS =.not significant; PTCA = percutaneous 
transtuminal coronary angioplasty. 





multiple dilatation, a mean of 2.3 + 0.6 versus 2.3 + 0.7 
lesions, per procedure, were attempted in the standby 
and backup groups, respectively. Dilatation was not suc- 
cessful in 9% of lesions (30 of 334) in the standby group 
versus 8% (100 of 1,204) in the backup group. 

Complications — earty and late acute vessel clo- 
sure: A total of 68 major complications occurred (5.3% 
of total PTCA or 6.3% of patients), with no differences 
between the standby and backup groups: acute myocar- 
dial infarction (8 cases [2.9%] vs 28 [2.7%]), emergency 
surgery (2 cases [0.7%] vs 1 [0.1%]), elective surgery (6 
cases [2.2%] vs 12 [1.2%]) or death (3 cases [1%] vs 8 
[0.7%]). 

Of the 8 patients who died in the backup group, 3 
were elderly patients (>75 years) who refused surgical 
revascularization before PTCA;:1 patient, with a metal- 
lic prosthesis (aortic position), died during an unsuc- 
cessful rescue PTCA for a left main emboli that caused 
an acute myocardial infarction complicated with cardio- 
genic shock; 1 patient died of a gastrointestinal hemor- 
rhage 36 hours after PTCA; 1 patient died of an undi- 
agnosed subacute pericardial tamponade 6 hours after 
PTCA; 1 additional patient died suddenly 8 days after 
PTCA; and the last patient died during an emergency 
coronary angiography performed because of an acute 
ischemic event 16 hours after PTCA, with demonstra- 
tion of occlusion of the left circumflex artery (dilated 
artery) and a subocclusive thrombus in the left anterior 
descending coronary artery (previously normal) without 
time to be transferred to the operating room. Two pa- 
tients died during cardiac surgery, 1 from the standby 
group (emergency surgery for right coronary artery dis- 
section, despite an ischemic time <90 minutes) and 1 
from the backup group (elective surgery for left anterior 
descer coronary artery dissection complicated with 

1-Q-wave myocardial infarction). 
A total of 41 lesions (2.7%) had in-hospital acute 
occlusion (13 [32%] early closure and 28 [68%] late clo- 
sure). Of the 13 lesions with early closure, 6 (1.8%) ` 






























TABLE Ill Procedural.Data 











Groups 





















Standby Backup 
| eae 
No. of procedures/narrowings 269/334 1,014/1,204 
Multiple dilatation 61 (23%) 163 (16%) p <0.02 
PTCA during diagnosis 40 (15%) 343 (34%) p <0.001 
Angiographic success 304 (91%) 1,104 (92%) NS 
PTCA success 240 (89%) 895 (88%) NS 




















NS = not significant; PTCA = percutaneous transluminal coronary angioplasty. 




















were from the standby group and 7 (0.6%) from the 
backup group (p <0.1). By univariate analysis, none of 
the several clinical and angiographic baseline character- 
istics correlated with early closure during PTCA. Of the 
28 lesions that had late closure, 5 were from the stand- 
by group and 23 from the backup group (p = NS). This 
represents 1.6 versus 2% of the lesions initially dilated 
with success in both groups. The in-hospital course of 
the 41 lesions (41 patients) with acute vessel closure is 
represented in Figure 2. Of the 41 lesions with acute 
occlusion, 26 were treated with a repeat PTCA and an- 
giographic success was achieved in 13 (50%). However, 
4 of these patients eventually developed an acute myo- 
cardial infarction. Thus, PTCA success was achieved. in 
9 of 26 patients (35%). Seven of the 41 patients (17%) 
who experienced acute vessel closure (early or late) died 
during hospitalization (2 patients during surgery, 1 af- 
ter thrombolytic therapy, 2 elderly patients treated con- 
ventionally who refused surgery, 1 from a stroke 36 
hours after a PTCA with stent deployment and 1 pa- 
tient of refractory ventricular fibrillation while he was 
waiting for elective surgery). 

PTCA performed in the first 24 hours of an acute 
myocardial infarction (3 of 46 lesions [7%] vs 25 of 
1,492 lesions [1.6%] [p <0.05]) and dilatation of totally 
occluded lesions (5 of 107 lesions [5%] vs 23 of 1,431 
lesions [1.6%] [p <0.02]) were associated with late 
acute closure on univariate analysis, but that association 
disappeared on multivariate analysis. 

Vessel patency (after suboptimal result, or large or 
subocclusive dissection) was achieved with a successful 
Palmaz-Schatz stent deployment in 22 lesions (3 from 
the standby and 19 from the backup groups). 
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FIGURE 2. in-hospital course of the 41 lesions (41 patients) 
with acute vessel closure. PTCA = percutaneous transluminal 
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DISCUSSION 

The presence of a rigorous surgical coverage was 
considered mandatory during the initial stages of PTCA 
technique.'? The reason for this policy was an incidence 
of acute myocardial infarction of 4.9% and requirement 
of emergency coronary surgery in 5.8% of patients dur- 
ing PTCA. 237.8 At present, even with more complex le- 
sions attempted, the PTCA success rate is 90% and the 
incidence of emergency surgery has decreased to 3.5%! 
and to 1.6 to 2.7% in recent series.!!:!? Several reasons 
have contributed to this fact: (1) Emergency revascular- 
ization surgery is not always the best approach to the 
problem of acute closure during or after PTCA. The 
results reported in the largest series of emergency sur- 
gery after complicated PTCA demonstrated a peri- 
operative acute myocardial infarction rate from 21 to 
71%, and an in-hospital incidence of death of 1 to 
12%.3:7:813-19 (2) Nowadays, many periprocedural coro- 
nary occlusions can be successfully managed with re- 
peat balloon dilatation, with a mortality rate ranging 
from 0 to 20%,24-620 comparable to the mortality rate 
of emergency surgery. (3) In addition, other alternative 
therapeutic techniques (autoperfusion catheters, laser, 
stents, atherectomy devices)?!?? may improve patients’ 
tolerance to ischemia or to PTCA results, or both, and 
may be eventually used to treat PTCA complications in 
an attempt to reduce the need for emergency surgery. 
(4) The dramatic increase in the number of PTCAs in 
the last few years has made the need for a procedural 
risk stratification mandatory; therefore, different kinds 
of surgical coverage might be required. Only 1 prelimi- 
nary study by Muller et al?’ has been reported on this 
issue. In this study, high-risk patients (according to the 
size of the infarction expected in the event of acute ves- 
sel closure) on whom surgical coverage was required 
¿“were characterized by better ejection fraction, more fre- 
quent left anterior descending coronary artery dilata- 
tion, less collateralized vessels and a lower incidence of 
prior infarction. No patient died in this high-risk group 
versus 7 patients (1.2%) in the low-risk group (surgical 
coverage not required in advance), 8% of patients had a 
new myocardial infarction versus 5%, and 3.5% required 
emergency surgery versus 0.3% in both groups, respec- 
tively.? In our study, patients who underwent dilatation 
of the proximal segment of the left anterior descending 
coronary artery (in particular those with a previous in- 
ferior myocardial infarction), dilatation of lesions at a 
bifurcation point, those undergoing multiple dilatation, 
or patients on whom dilatation of lesions in bypass 
grafts was planned, were preferably considered to be 
high risk. They may probably require a rigorous stand- 
by surgery. Despite this, and in agreement with oth- 
ers,'!.!2 major complication rate (death, acute myocar- 
dial infarction, cardiac surgery) was relatively low in 
our series (5.3% of total PTCAs) and was not signifi- 
cantly different in the groups considered high- or low- 
risk (7 vs 5%, respectively). With such unpredictable 
and low complication rates, very large series would be 
required to demonstrate the usefulness of any interven- 
tional approach (e.g., full standby surgery).. Neverthe- 
less, patients with unstable angina (according to rather 


restrictive definition)?245 and unfavorable morphologic 





characteristics of the lesion a (type B2: or C, eccentric) - 
have been associated with a higher risk of complica- - 
tions, 45912 ce 

The report of Richardson et al?6 and Shaw? demon- 
strated that with careful selection of patients (1-vessel 
disease and normal left ventricular function), PTCA . 
might even be safely performed in a hospital with “off 
site” cardiac surgery. 

In our experience, the low rate of patients who were 
referred for emergency surgery could be related to (1) 
the deployment of coronary stents in cases of periproce- 
dural dissection or acute occlusion, and (2) our policy of 
managing PTCA-related complications in a conserva- 
tive way, with preference of repeat PTCA and elective 
rather than emergency surgery. This approach may be 
the treatment of choice in most patients with acute an- 
gioplasty complications for several reasons: (1) The 
mortality rate was similar in the backup group com- 
pared with the standby group. (2) There were no deaths 
in the backup group, which might be attributed to the 
delay in surgical revascularization. (3) In our series, up 
to 35% of vessels attempted after acute closure were 
successfully reopened by repeat PTCA. (4) Only 4 of 
the 41 patients (10%) with evidence of acute vessel clo- 
sure who were managed by repeat PTCA, thrombolytic 
therapy or conventional methods died of cardiac causes 
during hospitalization. This death incidence is similar to 
that reported after emergency surgery. Finally, as a so- 
cioeconomic consideration, the cost of a rigorous stand- 
by surgical team has been estimated at $630.00 per pro- 
cedure and the number of hours a complete surgical 
team should spend in a “non-productive” activity, at 38 
hours/month. 28 Moreover, as Richardson et al% sug- 
gested, a rigorous surgical standby team may also in- 
crease the already long waiting list for surgery that ex- 
ists in many countries with National Public Health Ser- 
vices. For these reasons, we believe that a full surgical 
standby team should be reserved for a limited number 
of high-risk patients. 

Study limitations: The major limitation of this study 
is that it is nonrandomized. Nevertheless, randomiza- 
tion of patients considered to be at high risk presents 
serious ethical limitations. The few end point events ob- 
served for the entire study group may justify that statis- 
tical analysis could not detect any differences that may 
exist (type 2 error). A strict prospective study rather 
than a retrospective analysis of prospectively collected 
data would have been preferable. Patients were assigned 
to the standby or backup groups according to the previ- 
ously defined criteria, but the cardiologist performing 
the procedure always made the final decision. Accord- 
ingly, the decision was performed on an individual basis, 
and some degree of subjectivity usually involved the se- 
lection of the kind of surgical coverage used. However, 
marked heterogenicity in the extent of jeopardized myo- 
cardium implies that stratification of risk cannot be per- 
formed from angiographic information alone.?? 
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To evaluate the prevalence and prognostic role of 
silent coronary artery disease (CAD) in patients 
with symptomatic high-grade carotid stenosis (70 
to 99%) undergoing carotid endarterectomy, and 
with neither history nor symptoms of CAD, 106 
patients (76 men, 30 women, mean age 58.7 
years [range 42 to 71]) with recent cerebral isch- 
emia were prospectively studied. Patients were 
stratified as to the presence (n = 27, 25%) or ab- 
sence (n = 79, 75%) of silent CAD defined by con- 
cordant abnormal exercise electrocardiographic 
testing and thallium-201 myocardial scintigraphy. 
The male sex, the severity of the symptomatic ca- 
rotid lesion (>90°%), and the coexistence of contra- 
lateral carotid disease identified patients with 
higher probability of coexisting CAD. The 106 pa- 
tients underwent 121 operations (bilateral in 15). 
In the perioperative period, no deaths or cardiac 
events occurred, 1 patient suffered a recurrent 
stroke and 3 had a transient ischemic attack. Dur- 

-ing a mean follow-up period of 5.4 years, 9 pa- 
tients died (1.79/year): fatal myocardial infarc- 
tion occurred in 5 (all in the silent CAD group), 
cancer in 3 and vertebrobasilar stroke in 1. Nonfa- 
tal events occurred in 9 patients: myocardial in- 
farction in 1 (without silent CAD), unstable angina 
in 3 (with silent CAD), and cerebral ischemic at- 

: tacks in 5. After 7 years, the Kaplan-Meier esti- 
mated survival free from coronary events was 
51% in patients with silent CAD, and 98% in pa- 
tients without CAD (p <0.01). 

- In conclusion, among patients with symptomat- 
ic high-grade carotid stenosis undergoing carotid 
cendarterectomy, even in absence of history or 
symptoms of CAD, a silent CAD is detectable in 
one fourth of the patients. Silent CAD did not af- 
fect the perioperative outcome, but strongly influ- 
enced the long-term prognosis. These results sug- 
gest the need for routine screening of silent CAD 
in patients with severe carotid stenosis to identify 
those at high long-term risk of cardiac events, for 
whom a more aggressive management should be 
warranted. 
(Am J Cardiol 1992;69:1 166-1170) 
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are at high risk for coronary artery events.'-4 The 

cardiac mortality of 5%/year, observed in the fol- 
low-up of patients with cerebral ischemia, exceeds even 
the cardiac mortality rate of patients with angina pecto- 
ris, so that a cerebral ischemic attack should be consid- 
ered a warning signal of future cardiac events. In pa- 
tients with symptomatic high-grade carotid stenosis un- 
dergoing carotid endarterectomy, myocardial infarction 
accounts for one-half of perioperative deaths®’; during 
the long-term follow-up, the risk of fatal myocardial in- 
farction is 2 to 5 times greater than the risk of fatal 
stroke. !° Whereas the risk of cardiac events is well 
known in patients with a history of myocardial infarc- 
tion or angina who are undergoing carotid endarter- 
ectomy, no data are available concerning the cardiac 
risk in patients with clinically silent coronary artery dis- 
ease (CAD). The aim of the present study is to assess 
the prevalence and prognostic role of silent CAD in pa- 
tients with no history, symptoms or electrocardiographic 
(ECG) signs of cardiac disease who are undergoing ca- 
rotid endarterectomy for symptomatic high-grade carot- 
id stenosis. 


P atients with transient ischemic attacks or stroke 


METHODS 

Patients: One hundred six consecutive patients ad- 
mitted to the Department of Neurosurgery of our hospi- 
tal for carotid endarterectomy fulfilled the following in- 
clusion criteria: (1) transient ischemic attack or minor 
stroke of the carotid territory; (2) high-grade carotid 
stenosis (70 to 99%), ipsilateral to cerebral symptoms; 
(3) no history, symptoms or ECG signs of CAD; and 
(4) ability to perform adequate exercise ECG testing. 

Basal investigation: Patients underwent a standard- 
ized neurologic investigation consisting of history, neu- 
rologic examination, computed tomography scan of the 
brain and 4-vessel cerebral angiography. The cardio- 
logic investigation consisted of history, physical exami- 
nation, 12-lead electrocardiogram, chest x-ray, 2-dimen- 
sional echocardiography, exercise ECG testing and, in 
patients with abnormal exercise ECG testing, thallium- 
201 myocardial scintigraphy. Silent CAD was defined 
by concordant, abnormal exercise ECG testing and 
thallium-201 myocardial scintigraphy. 

Exercise electrocardiographic. testing: Exercise 
ECG testing was performed by treadmill, using a Mar- 
-quette Case II recorder, according to a modified Bruce 
protocol (exercise stages of 2 minutes starting from level 


0): Patients with “andie branch block and left ventricu- 
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phy v were excluded Toni the study. A 12- 


‘ocardiogram and blood pressure were record- 


t the end of each stage, at peak exercise and 
minute intervals in the recovery phase. During ex- 
ise the 12 ECG leads were continuously monitored. 
cise ECG testing was maximal or limited by ex- 
ion, symptoms, systolic blood pressure 2240 mm 
or ST-segment depression =3 mm. Exercise ECG 
ing was considered abnormal if ST depression >1 
mm or ST elevation 21.5 mm were present. 

Thallium-201 myocardial scintigraphy: Patients 
with abnormal results on exercise ECG testing under- 
went bicycle exercise thallium-201 myocardial imaging 
within 2 weeks. At the appearance of at least 1.0 mm 
ST-segment depression, 74 MBq of thallium-201 were 
injected intravenously, and the patient was requested to 
continue the exercise for another 60 to 90 seconds. Each 
patient underwent imaging in the supine position with a 
PHO gamma V scintillation camera immediately and 
after isotope administration (exercise), and 4 hours later 
(delayed test) for the redistribution scan. Each image 
was subdivided into 3 or 4 segments corresponding to 
the territories of distribution of left anterior descending, 
circumflex and right coronary arteries for a total of 8 
segments. Images were stored in a computer for pro- 
cessing, semiquantitative analysis, and elaboration of 
circumferential profiles. 

Treatment and follow-up: Preoperatively, during 
and after surgery, patients with silent CAD were treat- 
ed with 8 blockers and nitrates. Nifedipine was admin- 

ed if 6 blockers were contraindicated. Aspirin or 
lopidine were given to all patients after surgery. Dur- 
ing ae follow-up, a neurologic and cardiologic evalua- 
tion was done every 6 months. Patients with silent CAD 
performed exercise ECG testing every year. Medical 
therapy, initiated before surgery in patients with CAD 
(aspirin, 8 blockers, and so forth), was continued during 
the follow-up. 

Statistical analysis: Continuous data are given as 
mean + standard deviation. Student’s ¢ test was used 
for differences between the mean of different observa- 
tions, and the chi-square test to determine the difference 
between proportions. The occurrence of new cardiac 
events was compared between groups of patients by the 
construction of Kaplan-Meyer survival curves. A p val- 
ue <0.05 was required for statistical significance. 


RESULTS 

Study population: Patients were aged 58.7 + 8.4 
years (range 42 to 73) and 76 (72%) were men. Accord- 
ing to the inclusion criteria no patient had a history or 
symptoms of CAD. Echocardiograms never showed evi- 
dence of wall motion abnormalities and the ejection 
fraction was 245% in all patients. 

Exercise ECG testing was abnormal in 39 patients 
(37%). without angina. All these patients underwent 
thallium-201 myocardial scintigraphy, which confirmed 
a silent CAD in 27 (25% of the study population) (per- 
fusional defects of 2.2 + 0.9 segments, reversible in all 
patients). Among the 27 patients with silent CAD and 
















atherosclerotic risk. factor, transient ischemic 


remaining 79, there were no significant differences . 





TABLE i Distribution of Conventional Risk Factors and Type of | 
Cerebral Ischemia by Presence of Silent Coronary Artery Disease 
































CAD 
Absent Present 
(in = 79) {n = 27) p 
n {%) n(%) Value 
4 
Mean age (yr) 65+8 6427 NS 
Men/women 51 (65)/28 (35) 24 (89/3 (11) <0.05 
Current smoking 54 (68) 20 (74) NS 
Systemic hypertension 45 (57) 16 (59) NS 
Diabetes mellitus 17 (21) 5 (18) NS 
Hypercholesterolemia 34 (43) 11 (41) NS 
(= 200 mg/dl) 
Claudication 22 (28) 6 (22) NS 
Transient ischemic attack 61 (77) 20 (74) NS 
Stroke 18 (23) 7 (26) NS 
CAD = coronary artery disease; NS = not significant. 
TABLE II Severity of Symptomatic Carotid Lesions, and | 
Prevalence of Contralateral Carotid Disease and Ischemia at 
Computed Tomography Scan of the Brain by Presence of Silent 
Coronary Artery Disease 
CAD 
Absent Present 
{n = 79) (n= 27) p 
n (%) n{%) Value 
Ipsilateral carotid lesion 
70-90% 59 (75) 13 (48) <0.01 
90-99% 20 (25) 14 (52) : 
Contralateral carotid ‘esions 
(= 70%) 
Presence 30 (38) 17 (63) : 
Absence 49 (62) 10 (37) Sone 
Computed tomography brain 
scan 
Ischemia 34 (43) 11 (41) NS 
Normal 45 (57) 26 (59) 
[tad = coronary artery disease; NS = not significant. 











attack or stroke prevalence, and coexistence of intermit- 
tent claudication. In patients with CAD, the male prev- 
alence was significantly higher (p <0.05) (Table I). A 
carotid stenosis of 70 to 90% was observed in 13 pa- 
tients (48%) with CAD and in 59 (75%) without CAD. 
Conversely, a more severe carotid stenosis of 90 to 99% 
was observed in 14 patients (52%) with CAD and in 20 
(25%) without CAD (p <0.01). A contralateral carotid 
occlusion or stenosis 270% was observed in 17 patients 
(63%) with CAD and in 30 (38%) without CAD (p 
<0.05). Finally, the presence of ischemic areas at com- 
puted tomography scan of the brain was similar in the 2 
groups (Table I). 

Perioperative outcome: The 106 patients. underwerit 
121 operations (9 had bilateral carotid endarterectomies 
and 6 a contralateral extraintracranial arterial bypass)... 
No deaths occurred during the perioperative period- 
(within 30 days after surgery). One patient had carotid 
stroke, ipsilateral to the surgical lesion, and 3 patients 
had a transient ischemic attack (Table HH). 

Long-term prognosis: During a mean follow-up pe- 


-riod of 5.4 years, 9 patients died (1.7%/year): a fatal 
myocardial infarction occurred. in 5 all with silent 
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TABLE Il Morbidity and 





= | Carotid Endarterectomy = : 
ot ee ' “CAD 
Absent Present 
(n = 79) (n = 27) 
n (%) n (%) 
Early (< 30 days) 
Total deaths (n = 0) 
Nonfatal events (n = 4) 
Myocardial infarction 0 0 
Transient ischemic attack 2 1 
Stroke Q 1 
Late (> 30 cays) 
Total deaths (n = 9) 
Myocardial infarction 0 5 
Cancer 3 0 
Stroke 1 0 
Nonfatal events (n = 9} 
Myocardial infarction 1 o 
Unstab’e angiria 0 3 
Transient ischernic attack 3 0 
Stroke 2 0 





CAD = coronary artery disease. 





CAD at preoperative evaluation), cancer in 3, and ver- 
tebrobasilar stroke in 1. Nonfatal myocardial infarction 
. -occurred in 1 patient with normal preoperative cardiac 

“evaluation, and 3 patients with silent CAD became 
symptomatic for unstable angina. During the follow-up, 
_ recurrences of cerebral ischemia occurred in 5 patients 
(Table III). Among patients with silent CAD the rate- 


"pressure product at 1 mm ST-segment depression and 


at peak exercise were the only parameters of exercise 
ECG testing predictive of coronary events during the 
follow-up, whereas the extent of myocardial ischemia at 
~ thallium-201 myocardial scintigraphy was not signifi- 

- cantly different between the 2 groups (Table IV). Coro- 
nary angiography was performed in a patient with very 
low threshold of silent ischemia and, during the follow- 
up, in the 2 patients who developed unstable angina. 


- PROBABILITY (%) 





Mortality in 106 Patients Undergoing | 


TABLE IV Exercise ECG Testi : lyocardia 
Scintigraphy Findings in Patients with Silent CAD astothe =| 
-Presence of Coronary. Events During a Mean Follow-Up of 5.40). 
Years fe : : : 


| TABLE IV Exercise ECG Testing and Th 










' Silent CAD 





(n= 27) 
Coronary No Coronary 
Events Events p 
(n= 8) (a= 19) Value 
Exercise ECG testing 
Total duration (min) @2+1.1 64+1.7 NS 
Onset of 1 men ST depression 3242.1 492424 NS 
(min) 
Rate-pressure preductaton- 16.4446 21.3249 <0.05 
set 1 mm- ST depression 
(x 103) 
Max. ST depression (mm) 25205 21207 NS 
Rate-pressure product atpeak 23.02 4.9 27.1448 <0.05 
exercise (x 103) 
Persistence of ST depression 78215 52442 NS 
in the recovery phase (min) 
Thallium-201 myocardial 
scintigraphy 
Extent of perfusion defects 2621.1 2020.7 NS 
(segments) 





ECG = electrocardiographic; ather abbreviations as in Table 1. 





These three patients later underwent coronary revascu- 
larization. 

After 7-year follow-up, Kaplan-Meyer estimated 
survival free from fatal and nonfatal coronary events 
was 51% in patients with silent CAD and 98% in pa- 
tients without CAD at preoperative evaluation (p < 
0.01) (Figure 1). 


DISCUSSION eee 

Cardiac events in patients undergoing carotid end- 
arterectomy: Patients with symptomatic, severe carotid 
stenosis, undergoing carotid endarterectomy have a high 
risk of coronary events both during the perioperative pe- 


(1/79, p= 0.98) 


(8/27, p= 0.51) | patients undergoing carotid endarterecto- 


was 51% in patients with silent coronary 
artery disease (CAD) and 98% in those 
without CAD. 
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the follow-up. Hertzer et al,!! in a series of 
ents undergoing carotid endarterectomy, ob- 
a perioperative myocardial infarction in 4% of 
with a history of CAD, and in 0.5% of the control 
jects. During a follow-up period of 1 to 11 years, a 
fatal myocardial infarction occurred in 25% of patients 
with known CAD and in 13% of the others. Ennix et 
al'? reported perioperative mortality rates (due mainly 
to myocardial infarction) of 18% in cerebrovascular pa- 
tients with angina pectoris and 1.5% in the control pa- 
tients. Yeager et al!? observed perioperative myocardial 
infarction in 6% of patients with active CAD, in 3% of 
those with a history of CAD, and in 1.5% of control 
patients. During a 21-month follow-up, the death rate 
was 15,2, 12.5 and 10.2%, respectively. Early and late 
survival, however, were similar in the 3 groups (p 
<0.05). Recently, among patients who underwent ca- 
rotid endarterectomy, Mackey et al!4 found that pa- 
tients with overt CAD had reduced 30-day (p = 0.03) 
and late survival (p <0.0001). In the latter study, 
among patients without overt CAD, the presence of cor- 
onary risk factors identified those with worse prognosis. 
-Need for a routine investigation of coronary artery 
disease: The diagnosis of CAD in patients undergoing 
carotid endarterectomy is usually based on history of 
myocardial infarction, angina pectoris or “ischemic” ST 
segment on the electrocardiogram at rest. Since a stan- 
dardized cardiac investigation is not routinely per- 
formed, even in patients without history or clinical signs 
of cardiac disease, the prevalence of CAD in this popu- 
lation may be underestimated. Whisnant et al’ suggest- 
ed that the poor relationship between the clinical evi- 
dence of CAD and the survival rate after a stroke could 
be explained by the unknown prevalence of silent CAD 
in patients without overt cardiac disease. The high prev- 
alence of silent CAD in patients with cerebral ischemia 
was first assessed, a few years ago, in a large angio- 
graphic study of 200 patients without history or symp- 
toms of CAD, undergoing carotid endarterectomy. Cor- 
onary lesions were identified in 86% of patients, severe 
(270%) in 40%.!16 
Nevertheless, a screening based on coronary angiog- 
raphy in patients undergoing carotid endarterectomy 
has an unfavorable cost-effectiveness ratio. A noninva- 
sive evaluation consisting of exercise ECG testing and 
thallium-201 myocardial scintigraphy should be consid- 
ered a reliable alternative, their sensitivity and specific- 
ity being high in a population with a high prevalence of 
CAD.'70 In previous noninvasive studies the preva- 
lence rate of CAD in cerebrovascular patients was 10 
times greater than in a control group of healthy sub- 
jects,?!?? although the real prevalence of silent CAD is 
probably underestimated because of the study protocol 
used. Moreover, in patients unable to exercise, a silent 
CAD was identified by dipyridamole myocardial imag- 
ing in >50% of the patients.” 
__ Clinical implications: The present study first as- 
sessed the prevalence of silent CAD in patients with nei- 
her history nor symptoms of CAD undergoing carotid 
endarterectomy. One fourth of these patients showed 
abnormal concordant exercise ECG testing and myo- 
cardial scintigraphy. Furthermore, in patients with si- 























lent CAD, the severity of the carotid lesions and the 
coexistence of contralateral carotid disease were signifi- 
cantly greater. Silent CAD did not affect the periopera- 
tive outcome in patients given adequate anti-ischemic 
therapy, but strongly influenced the long-term progno- 
sis. During a 5.4-year follow-up, coronary events oc- 
curred in 29% of patients with silent CAD, but in only 
1.2% of those without CAD; the probability of survival 
free from coronary events is significantly worse in pa- 
tients with silent CAD. Most deaths were of cardiac 
origin and all the patients who died from myocardial 
infarction had CAD on preoperative evaluation. 
Conclusions: Whereas 2 large randomized clinical 
trials have recently demonstrated that carotid endarter- 
ectomy can significantly improve the neurologic progno- 
sis of patients with symptomatic high-grade carotid ste- 
nosis,'°.24 the unfavorable cardiologic long-term progno- 
sis suggests the need for careful cardiac evaluation of 
these patients. According to our experience, and recent 
studies dealing with patients undergoing vascular sur- 
gery,”> a noninvasive screening for CAD should be per- 
formed in all patients undergoing carotid endarterecto- 
my, even in those without history or symptoms of CAD, 
in order to identify patients who need more aggressive 
monitoring and management during the follow-up. 
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BRIEF SUMMARY 


CARDIZEM” 
(diltiazem hydrochloride) 
Tablets 


CONTRAINDICATIONS 

CARDIZEM is contraindicated in (1) patients with sick sinus 
syndrome except in the presence of a functioning ventricular 
pacemaker, (2) patients with second- or third-degree AV block 
except in the presence of a functioning ventricular pacemaker, 
(3) patients with hypotension (less than 90 mm Hg systolic), 
(4) patients who have demonstrated hypersensitivity to the drug, 
and (5) patients with acute myocard.al infarction and pulmonary 
congestion documented by x-ray on admission 


WARNINGS 

1. Cardiac Conduction. CARDIZEM prolongs AV node refractory 
periods without significantly prolonging sinus node recovery 
time, except in patients with sick sinus syndrome. This effect 
may rarely result in abnormally s ow heart rates (particularly 
in patients with sick sinus syndvome) or second- or third- 
degree AV block (six of 1,243 pat ents for 0.48%). Concomi- 
tant use of diltiazem with beta-blcckers or digitalis may result 
in additive effects on cardiac conduction. A patient with 
Prinzmetal's angina developed periods of asystole (2 to 5 
seconds) after a single dose of 6) mg of diltiazem 
Congestive Heart Failure. Although diltiazem has a negative 
inotropic effect in isolated animal tissue preparations, hemo- 
dynamic studies in humans with normal ventricular function 
have not shown a reduction in cardiac index nor consistent 
negative effects on contractility (dp/dt). Experience with the 
use of CARDIZEM alone or in combination with beta-blockers 
in patients with impaired ventricular function is very limited. 
Caution should be exercised when using the drug in such 
patients. 
nan. Decreases in blood pressure associated with 
CARDIZEM therapy may occasionally result in symptomatic 
hypotension. 
Acute Hepatic Injury. In rare instances, significant elevations 
in enzymes such as alkaline phosshatase, LDH, SGOT, SGPT, 
and other phenomena consistent with acute hepatic injury 
have been noted. These reactions have been reversible upon 
discontinuation of drug therapy. Tre relationship to CARDIZEM 
is uncertain in most cases, but probable in some. (See 
PRECAUTIONS.) 


PRECAUTIONS 

General. CARDIZEM (diltiazem hydrochloride) is extensively 
metabolized by the liver and excreted by the kidneys and in bile. 
As with any drug given over prolonged periods, laboratory 
parameters should be monitored at regular intervals. The drug 
should be used with caution in patients with impaired renal or 
hepatic function. In subacute and chronic dog and rat studies 
designed to produce toxicity, high doses of diltiazem were 
associated with hepatic damage. In special subacute hepatic 
studies, oral doses of 125 mg/kg and higher in rats were asso- 
ciated with histological changes in the liver which were reversible 
when the drug was discontinued. In dogs, doses of 20 mg/kg were 
also associated with hepatic changes; however, these changes 
were reversible with continued dosirg. 

Dermatological events (see ADVERSE REACTIONS section) 
may be transient and may disappear despite continued use of 
CARDIZEM. However, skin eruptions progressing to erythema 
multiforme and/or exfoliative dermatitis have also been infre- 
quently reported. Should a dermatologic reaction persist, the drug 
should be discontinued 

Drug Interaction. Due to the potential for additive effects, 
caution and careful titration are warranted in patients receiving 
CARDIZEM concomitantly with any agents known to affect 
cardiac contractility and/or conduction. (See WARNINGS.) 
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Pharmacologic studies indicate that there may be additive 
effects in prolonging AV conduetion when using beta-blockers or 
digitalis concomitantly with CARDIZEM. (See WARNINGS.) 

As with all drugs, care should be exercised when treating 
patients with multiple medications. CARDIZEM undergoes 
biotransformation by cytochrome P-450 mixed function oxidase. 
Coadministration of CARDIZEM with other agents which follow the 
same route of biotransformation may result in the competitive 
inhibition of metabolism. Dosages of similarly metabolized drugs, 
particularly those of low therapeutic ratio or in patients with renal 
and/or hepatic impairment, may require adjustment when 
starting or stopping concomitantly administered CARDIZEM to 
maintain optimum therapeutic blood levels 


Beta-blockers: Controlled and uncontrolled domestic studies 
suggest that concomitant use of CARDIZEM and beta-blockers 
or digitalis is usually well tolerated. Available data are not suffi- 
cient, however, to predict the effects of concomitant treatment, 
particularly in patients with left ventricular dysfunction or cardiac 
conduction abnormalities. 

Administration of CARDIZEM (diltiazem hydrochloride) con- 
comitantly with propranolol in five normal volunteers resulted in 
increased propranolol levels in all subjects:and bioavailability of 
propranolgl was increased approximately 50%. If combination 
therapy is initiated or withdrawn in conjunction with propranolol, 
an adjustment in the propranoio! dose may be warranted. (See 
WARNINGS.) 


Cimetidine: A study in six healthy volunteers has shown a 
significant increase in peak diltiazem plasma levels (58%) and 
area-under-the curve (53%) after a 1-weekacourse of cimetidine 
at 1,200 mg per day and diltiazem 60 mg per day. Ranitidine 
produced smaller, nonsignificant increases. The effect may be 
mediated by cimetidine’s known inhibition af hepatic cytochrome 
P-450, the enzyme system probably responsible for the first-pass 
metabolism of diltiazem. Patients currently receiving diltiazem 
therapy should be carefully monitored for a change in pharma- 
cological effect when initiating and discontinuing therapy with 
cimetidine. An adjustment in thediltiazem dase may be warranted 


Digitalis: Administration of CARDIZEM with digoxin in 24 
healthy male subjects increased plasma digoxin concentrations 
approximately 20%, Another investigator found no increase in 
digoxin levels in 12 patients with coronary artery disease. Since 
there have been conflicting results regarding the effect of digoxin 
levels, itis recommended that digoxin levels be monitored when 
initiating, adjusting, and discontinuing CARDIZEM therapy to avoid 
possible over- or under-digitalization. (SeeWARNINGS.) 

Anesthetics: The depression of cardiac contractility, conduc- 
tivity, and automaticity as well as the vascular dilation associated 
with anesthetics may be potentiated by calcium channel blockers 
When used concomitantly, anesthetics and calcium blockers 
should be titrated carefully. 

Carcinogenesis, Mutagenesis, Impairment of Fertility. A 
24-month study in rats and a 21-month study in mice showed no 
evidence of carcinogenicity There was also no mutagenic 
response in in vitro bacterial tests. No intrinsic effect on fertility 
was observed in rats. 

Pregnancy. Category C. Reproduction studies have been 
conducted in mice, rats, and rabbits. Administration of doses 
ranging from five to ten times greater (ona mg/kg basis) than the 
daily recommended therapeuticdose has resulted in embryo and 
fetal lethality. These doses, in some studies. have been reported 
to cause skeletal abnormalities. in the perinatal/postnatal studies, 
there was some reduction in early individual pup weights and 
survival rates. There was an increased incidence of stillbirths 
at doses of 20 times the human dose or greater. 

There are no well-controlled studies in pregnant women; 
therefore, use CARDIZEM in pregnant women only if the poten- 
tial benefit justifies the potential risk to the fetus. 


Nursing Mothers. Diltiazem is excreted in human milk. One 





report suggests that concentrations in breast milk may approxi- 
mate serum levels. If use of CARDIZEM is deemed essential, an 
alternative method of intant feeding should be instituted. 

Pediatric Use. Safety and effectiveness in children have not 
been established 


ADVERSE REACTIONS 

Serious adverse reactions have been rare in studies carried out 
to date, but it should be recognized that patients with impaired 
ventricular function and cardiac conduction abnormalities have 
usually been excluded. 

In domestic placebo-controlled angina trials, the incidence of 
adverse reactions reported during CARDIZEM therapy was not 
greater than that reported dunng placebo therapy. 

The following represent occurrences observed in clinical studies 
of angina patients. In many cases, the relationship to CARDIZEM 
has not been established. The most common occurrences from 
these studies, as well as their frequency of presentation, are: 
edema (2.4%), headache (2.1%), nausea (1.9%), dizziness 
(1.5%), rash (1.3%), asthenia (1.2%). In addition, the following 
events were reported infrequently (less than 1%): 
Cardiovascular: Angina, arrhythmia, AV block (first degree), 

AV biock (second er third degree—see con- 
duction warning), bradycardia, bundle 
branch block, congestive heart failure, ECG 
abnormality, flushing, hypotension, palpita- 
tions, syncope, tachycardia, ventricular 
extrasystoles. 

Nervous System: Abnormal dreams, amnesia, depression, gait 
abnormality, hallucinations, insomnia, ner- 
vousness, paresthesia, personality change, 
somnolence, tremor. 

Gastrointestinal: Anorexia, constipation, diarrhea, dysgeusia, 
dyspepsia, mild elevations of alkaline phos- 
phatase, SGOT, SGPT, and LDH (see hepatic 
warnings), thirst, vomiting, weight increase. 

Dermatological: Petechiae, photosensitivity, pruritus, 
urticaria. 
Amblyopia, CPK elevation, dry mouth, 
dyspnea, epistaxis, eye irritation, hyper- 
glycemia, hyperuricemia, impotence, 
musele cramps, nasal congestion, nocturia, 
osteoarticular pain, polyuria, sexual difficul- 
ties, tinnitus. 
The following postmarketing events have been reported 
infrequently in patients receiving CARDIZEM alopecia, erythema 
multiforme, extrapyramidal symptoms, gingival hyperplasia, 
hemolytic anemia, increased bleeding time, leukopenia, purpura, 
retinopathy, and thrombocytopenia. There have been observed 
cases of a generalized rash, characterized as leukocytoclastic vas- 
culitis. In addition, events such as myocardial infarction have been 
observed which are not readily distinguishable from the natural 
history of the disease in these patients. Adefinitive cause and effect 
relationship between these events and CARDIZEM therapy can- 
not yet be established. Exfoliative dermatitis (proven by 
rechallenge) has also been reported 
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Coronary Vasodilatory Action of Elgodipine in 
Coronary Artery Disease 
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The effects of intravenous elgodipine, a new sec- 
ond-generation dihydropyridine calcium antago- 
nist, on hemodynamics and coronary artery diam- 
eter were investigated in 15 patients undergoing 
cardiac catheterization for suspected coronary ar- 
tery disease. Despite a significant decrease in sys- 
temic blood pressure, elgodipine infused at a rate 
of 1.5 g/kg/min over a period of 10 minutes did 
not affect heart rate and left ventricular end-dia- 
stolic pressure. The contractile responses during 
isovolumic contraction showed a slight but signifi- 
cant increase in maximum velocity (56 + 10 to 60 
+ 10 seconds“; p <0.005), whereas the time con- 
stant of early relaxation was shortened from 49 + 
11 to 44 + 9 ms (p <0.05). Coronary sinus and 
great cardiac vein flow increased significantly by 
15 and 26%, respectively. As mean aortic pres- 
sure decreased, a significant decrease in coronary 
sinus (—27%) and great cardiac vein (28%) resis- 
tance was observed, while the calculated myocar- 
dial oxygen consumption remained unchanged. In 
all, 69 coronary segments (including 13 stenotic 
segments) were analyzed quantitatively using 
computer-assisted quantitative coronary angiogra- 
phy. A significant increase in mean coronary ar- 
tery diameter (2.27 + 0.53 to 2.48 + 0.53 mm; p 
<0.000001), as well as in obstruction diameter, 
(1.08 + 0.29 to 1.36 + 0.32 mm; p <0.02), was 
observed. The results demonstrate that elgodi- 
pine, in the route and dose described, induces sig- 
nificant vasodilatation of both coronary resistance 
and epicardial conductance vessels, without ad- 
verse effects on heart rate, myocardial oxygen de- 
mand and contractile indexes. 

(Am J Cardiol 1992;69:1171-1177) 
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benzyl)-amine)-ethyl, 2,6-dimethyl-4-(2’,3’-meth- 

ylenedioxypheynl)-1,4-dihydropyridine-3,5-dicar- 
boxylate, monohydrochloride) is a newly synthesized 
drug with calcium entry blocking properties belonging 
to the second generation of the phenyldihydropyridine 
group.'? In vitro studies have shown that the drug ap- 
pears to be 100-fold more potent in inducing vasodilata- 
tion than in causing negative inotropic effects! and that 
when comparing different vascular beds, the most pro- 
nounced vasodilatory effect was in the coronary vascu- 
lature. This relative selectivity of elgodipine for the cor- 
onary vascular bed may be of particular significance in 
patients with coronary artery disease where an im- 
balance in myocardial oxygen supply and demand is 
caused by decrease in the coronary artery luminal diam- 
eter. Animal studies*4 have demonstrated that elgodi- 
pine is a potent vasodilator, decreasing blood pressure 
and total peripheral resistance, and increasing cardiac 
output and coronary blood flow dose-dependently, with 
little effect on heart rate. The potency of elgodipine in 
reducing systemic vascular resistance is slightly less 
than that of nifedipine, nisoldipine and nimodipine, but 
considerably greater (10- to 50-fold) than that of bepri- 
dil, nicorandil and pimobendan.? These effects of elgodi- 
pine on systemic and coronary hemodynamics have yet 
to be evaluated in patients with coronary artery disease. 
The present study investigates the effects of intravenous 
elgodipine on coronary and left ventricular hemody- 
namics, and assesses quantitatively the vasodilatory ac- 
tion of elgodipine on both stenotic and nonstenotic coro- 
nary arteries, using computer-assisted quantitative cor- 
onary angiography. 


Bean (isopropyl (2-(N-methyl-N-(4-fluoro- 


METHODS 

Patients: The study comprised 15 patients (12 men 
and 3 women, mean age 57 years, range 40 to 69) who 
underwent cardiac catheterization for the investigation 
of suspected coronary artery disease. All patients were 
in sinus rhythm with no signs of cardiac failure and 
gave informed consent to participate in the study. Pa- 
tients with unstable angina and acute myocardial in- 
farction were excluded from the study. Clinical and an- 
giographic data are listed in Table I. 

Protocol: All medication was discontinued 248 
hours before the study. Cardiac catheterization was per- 
formed through the femoral artery and vein. Patients 
fasted and were not given premedication. No drug (oth- 
er than 50 mg of intravenous heparin) was administered 
during the study. After a thermodilution flow catheter 
was inserted in the coronary sinus and great cardiac 
vein, angiography of the right and left coronary artery 
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TABLE | Clinical Characteristics 
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EF = global ejection fraction; LAD = left anterior descending; LC = left circumflex; 
NYHA = New York Heart Association classifications; PMI = previous myocardial 
infarction. 


was performed in standard views including cranial and 
caudal angulations. The geometry of the x-ray gantry, 
and the kilovolts and milliamperes of the x-ray genera- 
tor were obtained and recorded on-line for each angio- 
gram. A dual-tip micromanometer catheter was then 
positioned in the left ventricle. Ten minutes after cathe- 
ter instrumentation, baseline left ventricular and aortic 
pressures, pressure-derived indexes of isovolumic con- 
traction and relaxation, and thermodilution coronary si- 
nus and great cardiac vein flows were measured on-line 
at spontaneous heart rate. Oxygen saturations were ob- 





tained simultaneously from the aorta, coronary sinus 
and great cardiac vein. Elgodipine was then adminis- 
tered intravenously at a rate of 1.5 ug/kg/min over a 
period of 10 minutes, and all measurements were re- 
peated at 5, 10, 20 and 30 minutes. Angiography of the 
left coronary artery was repeated at 10 and 30 minutes 
in all projections, corresponding to those used during 
baseline angiography. All angiograms were obtained us- 
ing the Judkins technique and recorded on Kodak 35 
mm cinefilm at a rate of 25 frames/second. Nonionic 
contrast medium was injected manually. 

Hemodynamic determinations: Left ventricular pa- 
rameters were measured at spontaneous heart rate using 
the dual-tip micromanometer catheter, where 212 
heart beats were processed and averaged on-line by 
means of the representative beat method in a dedicated 
computer system.>-° The following left ventricular pres- 
sure-derived indexes of isovolumic contraction and re- 
laxation were computed: peak left ventricular pressure, 
end-diastolic pressure, peak first derivative of left ven- 
tricular pressure (dP/dt), peak left ventricular dP/dt/p 
from total pressure providing p >20 mm Hg (peak 
Vce), dP/dt/p linearly extrapolated to 0 mm Hg 
(Vmax), and the time constants for early relaxation 
(Tau), a semilogarithmic biexponential fit of the left 
ventricular pressure decay characterized by 2 exponen- 
tial time constants: Taul for the first 40 ms, and Tau2, 
the fit after the first 40 ms.” Mean aortic pressure was 
determined by digital integration. 

Coronary venous blood flow measurements and cal- 
culations: Coronary sinus and great cardiac vein blood 
flows were measured on-line using a constant infusion 
thermodilution technique. Arterial, coronary sinus and 
great cardiac vein oxygen saturations were measured 
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FIGURE 1. One cineframe of distal left cir- 
cumflex (CX-DIST) coronary artery in cau- 
dal (CA) projection is shown with detected 


this case, reference diameter is 4.03 mm, 
and obstruction diameter is 2.16 mm, cor- 
responding to diameter stenosis (D-STEN) 
of 51%, and area stenosis (A-STEN) of 
76%. PTCA = percutaneous transluminal 
coronary angioplasty. 
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| TABLE II Effects. on Systemic and Left Ventricular Hemodynamics 
: ee 5 10 20 : 30 | 
— Baseline Minutes Minutes Minutes Minutes ==> 
{ot Heart rate (beats/min) 70 + 10 73411 75 + 14 73 + 18 70 #12 
J Systolic aortic pressure (mm Hg) 145 + 24 130 + 24* 123 + 22* 140 + 32 138 + 23 
| <y Diastolic aortic pressure (mm Hg) 7049 65 + 9f 61+ 8* 69+ 15 70 +11 
Mean aortic pressure (mm Hg) 98 + 15 90 = 15* 86 +. 14* 97 + 23 97 £ 14 
Left ventricular systolic pressure 139 + 22 126 + 22* 117 + 20* 133 + 29 133 + 21t 
poct (mmHg) 
`+; End-diastolic pressure (mm Hg) 1323 1224 13+ 4 1344 1225 
Peak Veg (sec~!) 3949 42 +412 42 + 13 39 + 10 3949 
Vmax (sec~ 1) 56 + 10 5729 60 + 104 57 + 10 54249 
Positive dP/dt (mm Hg sec7+) 1,485 + 308 1,467 + 319 1,496 + 396 1,565 + 489 1,453 + 308 
Negative dP/dt (mm Hg sec~!) 1,743 + 354 1,673 + 350+ 1,637 + 359ł 1,727 £ 383 1,712 + 358 
Taul (ms) 49x11 46 + 8} 44 + 9t 47 #411 48 +11 
*p <0,00005; fp <0.05; tp < 0,005 vs baseline, | 
Values are expressed as mean + SD. 
dP/dt = rate of change in | jeft ventricular pressure; Peak Veg = peak measured velocity of contractile element; Taul = time constant of early relaxation; Vmax = Veg linearly 
extrapolated to 0 mm Hg. 





spectrophotometrically, and oxygen content was calcu- 
lated. Global (coronary sinus) and regional (great cardi- 
ac vein) myocardial oxygen consumptions were calcu- 
lated as the product of coronary venous blood flow and 
arteriocoronary venous oxygen content difference. Glob- 
‘al and regional coronary vascular resistances were de- 
rived from the ratio of mean aortic pressure to coronary 
venous flow. 

Quantitative coronary angiography: Quantitative 
analysis of selected coronary segments was performed 
with the computer-assisted cardiovascular angiography 
analysis system that was described in detail previous- 
ly. Briefly, to analyze a coronary arterial segment in a 
selected frame of 35 mm cinefilm, an optically magni- 
fied portion of the image encompassing that segment is 
converted into video format by means of a cinevideo 
converter. The contours of the vessels are detected auto- 
matically on the basis of the weighted sum of first 
and second derivative functions applied to the digitiz- 
ed brightness information. Calibration of the diameter 
data of the vessels in absolute values (mm) is achieved 
using the angiographic catheter filmed empty of con- 
trast. To this end, the contours of a user-defined portion 
of the optimally magnified catheter are detected auto- 
matically and corrected for pincushion distortion caused 
by the image intensifier. From the contours, vessel di- 
ameter functions (in absolute mm) are determined by 
computing the shortest distances between. the left and 
right contour positions. A representative analysis with 
the detected contours and diameter functions superim- 
posed on the original video image is shown in Figure 1. 
For nonobstructed coronary segments, the mean diame- 
ter of the analyzed segment was computed. For ob- 
structed segments, the minimal. obstruction diameter 
was assessed. Average values for baseline, and 10- and 
20-minute angiograms obtained from 22 orthogonal 
angiographic views were compared. 

pressure gradient across stenotic le- 
doni: For obstructed coronary segments, the theoretical 
pressure gradients across the stenotic lesion at theoreti- 
cal coronary flow rates of 1, 2.and 3 ml/s were calcu- 
lated using the data obtained at quantitative angio- 
graphic analysis according toan accepted formula!®!!: 





Paran = Q + (Rp +. Q - Rr), where Poran is the theo- 
retical pressure reduction (mm Hg) across the stenosis, 
Q is the mean coronary blood flow (ml/s), Rp is the 
Poiseuille resistance, and Ry is the turbulent resistance. 
These resistances have been defined as follows: 


(length obstruction) x ar 





Rp = C, x : 
oo (obstruction area)’ 


where C, = 8 X (blood viscosity), with blood viscosi- 
ty = 0.03 (g/cm - s), and 


1 1 2 
x P T a E N T 
2? (obstruction area normal distal area 


where C = blood density/0.266, with blood density 
= 1.0 (g/cm?). This assessment of pressure gradients 
was used and described in our previous studies.!2-!4 

Statistical analysis: Results are expressed as mean 
+ SD. The data was:subjected to analysis of variance 
for repeated measurements, and when significant differ- 
ences were apparent, further comparisons were made 
with Student’s paired ¢ test. A p value <0.05 was con- 
sidered significant. 


R;=C 


RESULTS 
Systemic hemodynamics: The systemic responses 
after intravenous administration of elgodipine at a rate 
of 1.5 ug/kg/min over 10 minutes are listed in Table II. 
At spontaneous heart rate, elgodipine produced a signif- 
icant decrease in aortic pressure, while heart rate did 
not change significantly. During elgodipine infusion, left 
ventricular systolic pressure decreased significantly by 
16% (p <0.00005), while end-diastolic pressure re- 
mained unchanged (Table I). Although the increase in 
peak Vcg did not reach statistical significance, . Vmax 
was significantly increased (56 + 10 to 60 + 10 sec- 
onds~!; p <0.005), whereas Taul was shortened (49 + 
11-to 44 + 9 ms; p <0.05). At 20 minutes, all parame- 
ters were no longer significantly different from baseline. 
hemodynamics: After elgodipine infusion, 
coronary sinus and great cardiac vein blood flows in- 
creased significantly (75 + 26 to 86 + 30 ml/min [p 
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TABLE Ill Effects on Coronary Hemodynamics 


Minutes 


81 + 28+ 
36+ 10 
132 13t 
13.0 + 1.4* 
10.5 + 3.3 
4.7+1.1 
1:3:+0.5 
310::153 


Minutes 


75 + 26 
34+ 10 
13.9 + 1.7 
13.9 £ 1.7 
10.2 + 3.0 
4.8+1.2 
1.5+0.5 
3.2+1.4 


81 + 30* 
38 + 134 
Fa. 125% 
13.2 + 1.5* 
10.4 + 3.4 
Bilt 1.5 
1.3 + 0.5t 
ATE 1,4* 


86 + 30t 
Aat TS 
11.9 + 1.5§ 
12.0 x, 1:5f 
10,)1:+°3.3 
SLLLS 
1.1 + 0:38 
2.3: 1:2t 


83 + 27ł 
39 + 12 
12.4: 1.5* 
12,5. LI% 
10.3 + 3.4 
5.12 16 
1.3 + 0.4} 
AY fire AE a 3 


Coronary sinus flow (ml/min) 

Great cardiac vein flow (ml/min) 

Oxygen difference (aortocoronary sinus) (mI%) 
Oxygen difference (aorta great cardiac vein) (ml%) 
Global myocardial oxygen consumption (ml/min) 
Regional myocardial oxygen consumption (ml/min) 
Coronary sinus resistance (mm Hg/ml/min) 

Great cardiac vein resistance (mm Hg/ml/min) 


*p <0.005; tp <0.0005; tp <0.05; §p <0.00005 vs baseline. 
Values are expressed as mean + SD. 


TABLE IV Effects on Absolute Coronary Artery Diameter (mm) in All fa Segments 


Coronary 


Artery Segment Baseline inte va ida Value" 


Left anterior descending 
Proximal (n = 15) 
Mid (n = 11) 

Distal (n = 14) 

Left circumflex artery 
Proximal (n = 15) 
Distal (n = 14) 2.06+0.38 2.28+0.43 0.0005 2.17+0.42 0.04 

Total (n = 69) 2.27 +0.53 2.48+0.53 0.000001 2.39+0.52 0.000001 


Values are eal as mean + SD. 
TABLE V Effects on Stenotic Segments (n = 13) 


2.46 + 0.50 
2.53 + 0.58 
1.81 + 0.27 


2.69 + 0.50 
2.99 + 0.52 
2.03 + 0,31 


0.004 
0.05 
0.03 


2.57 + 0.47 
2.67 + 0.52 
1.93 + 0.28 


0.06 
0.07 
0.03 
2.51+0.51 2.55+0.45 01 


2.64+0.48 0.004 


p 
Value* 


p 
Value* 


Minutes Minutes 


5.32 + 1.59 
1.36 + 0.32 
1.56 + 0.84 
49+8 
78 + 16 
2.72 + 0.64 


Baseline 


5.09 + 2.12 
1.08 + 0.29 
0.99 + 0.67 
58 +6 
85+9 
2.51 + 0.52 


0.9 
0.02 
0.03 
0.008 
0.08 
0.09 
k Š 


4.77 + 1.25 
1.26 + 0.33 
1.24 + 0.77 
52 + 10 
83 + 13 
2.63 + 0.44 


Obstruction length (mm) 
Obstruction diameter (mm) 
Obstruction area (mm2) 
Diameter stenosis (%) 
Area stenosis (%) 
Reference diameter (mm) 
Reference area (mm?) §.13+1.98 6.11 + 2.69 5.58 + 1.70 
Symmetry index 0.64 + 0.18 0.59+0.20 0.56 + 0.22 


*Versus baseline. | 
Values are expressed as mean + SD. 





<0.0005], and 34 + 10 to 43 + 13 ml/min [p <0.005], 
respectively; Table III). As mean aortic pressure de- 
creased from 98 + 15 to 86 + 14 mm Hg (p < 
0.00005), the calculated global and regional coronary 
vascular resistances decreased significantly (1.5 + 0.5 to 
1.1 + 0.3 mm Hg/ml/min [p <0.00005], and 3.2 + 1.4 
to 2.3 + 1.2 mm Hg/ml/min [p <0.0005], respective- 
ly). Although the differences in mean arteriocoronary 
sinus and arterio-great cardiac vein oxygen contents 
decreased from 13.9 + 1.7 to 11.9 + 1.5 ml% (p 
<0.00005) and from 13.9 + 1.7 to 12.0 + 1.5 ml% (p 
<0.0005), respectively, the global and regional myocar- 
dial oxygen consumptions remained unchanged. 
coronary angiograms: In all, 69 coro- 
nary segments (including 13 stenotic segments) of the 
left coronary artery were analyzed. The individual 
changes in absolute diameter (mm) of all coronary 
segments as measured during the 3 consecutive angio- 
grams are listed in Table IV. Mean coronary diameter 
increased significantly from 2.27 + 0.53 to 2.48 + 
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0.53 mm (p <0.000001) at 10 minutes and to 2.39 + 
0.52 mm (p <0.000001) at 30 minutes after initiation 
of drug infusion. 

Data for the 13 stenotic segments are listed in Table 
V. Mean obstruction diameter increased significantly 
from 1.08 + 0.29 to 1.36 + 0.32 mm (p <0.02) at 10 
minutes and to 1.26 + 0.33 mm (p <0.03) at 30 min- 
utes after drug infusion was begun, whereas diameter 
stenosis decreased from 58 + 6 to 49 + 8% (p <0.008) 
and to 52 + 10% (p <0.05), respectively. Consequently, 
assuming theoretical coronary flows of 1, 2 and 3 ml/s, 
the theoretical pressure gradients across the 13 stenotic 
lesions decreased significantly after elgodipine infusion 
(Figure 2). 


DISCUSSION 

The results of this study of patients with coronary 
artery disease confirm for the first time the beneficial 
effects of elgodipine, a newly synthesized dihydropyri- 
dine calcium antagonist, on systemic and coronary he- 
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lynamics previously suggested by animal experi- 







ts on heart rate: Several studies in anesthetized 
nals? showed that elgodipine is a potent systemic 
coronary vasodilator, decreasing blood pressure and 
peripheral resistance in a dose-dependent manner 
: ted with an increase in coronary blood flow, 
whereas heart rate does not change or may even de- 
| crease in response to higher doses (60 ng/kg). There- 
fore, it is likely that (as observed with nimodipine)? 
elgodipine possesses some negative chronotropic activi- 
ty! that counteracts reflex tachycardia. However, it 
should be appreciated that.reflex tachycardia can be at- 
tenuated by anesthetic agents, reducing this phenome- 
non in anesthetized animals. To establish the cardiovas- 
cular profile of elgodipine, free of the potential influence 
of anesthetic agents, van Woerkens et al‘ investigated 
zits effects in conscious instrumented pigs and observed a 
marked increase in heart rate, as well as in cardiac out- 
put and dP/dtmax. Although large doses of elgodipine 
were used, this may suggest that anesthesia in earlier 
studies blunted a reflex-mediated tachycardia. How- 
ever, despite anesthesia, nisoldipine increases heart rate 
at a dose producing an equivalent reduction in systemic 
‘pressure. !¢ Furthermore, when elgodipine is adminis- 
tered to conscious pigs after B-adrenoceptor blockade 
with propranolol, positive chronotropic and inotropic ef- 
fects are substantially reduced, although an increase in 
heart rate is not completely eliminated.‘ This proprano- 
-lol-resistant tachycardia is not unique to elgodipine, as 
also been observed for other dihydropyridines and 
-vasodilators!?-22 and suggests a withdrawal of parasym- 
pathic tone, 
In the present study, despite a marked decrease in 
aortic pressure, only a slight increase in heart rate was 
observed and this did not reach statistical significance 
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(Table II). Although all cardiac medication (including 
-blocking agents) was discontinued in all patients =48 . 
hours before the study it may be speculated that 6-adre- 
noceptor blockade could persist beyond this time and 
contributed to the lack of effect on heart rate. However, 
the resting heart rates of our study population suggest © 
minimal 6-blockade effect at the initiation of the study. 
Effects on inotropic state: In vitro studies have 
shown that elgodipine appears to be 100-fold more po- 
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tent as a vasodilator than as a negative inotrope.! In 
-conscious animals, elgodipine produces dose-related in- 
creases in cardiac output and dP/dtmax, while left ven- 
tricular end-diastolic. pressure (as with other dihydro- 
pyridines)!’ remains unchanged.‘ In conscious pigs with 
a 3- to 4-week-old myocardial infarction, the vasodilator 
responses to elgodipine are similar, although accompa- 
nied by considerably less of an increase in dP/dtmax 
compared with the effects in normal animals, but left 
ventricular end-diastolic pressure decreases significant- 
ly.4 In the present study, elgodipine infusion led to a 
slight but significant increase in Vmax (Table II). Be- 
cause heart rate and left ventricular end-diastolic pres- 
sure were unaffected, it may be suggested that, as used 
in the present study, the compound does not exert nega- 
tive inotropic actions. However, our approach using iso- 
volumic indexes could not entirely exclude the possibili- 
ty of some negative inotropism. Furthermore, because 
elgodipine does not possess any (-adrenomimetic ef- 
fects, this relatively positive inotropic response to the 
drug is probably not an intrinsic property of this new 
calcium antagonist, but rather related to its ability to 
induce peripheral vasodilation and reduce impedance to 
deft ventricular ejection. 
© However, the absence of a negative inotropic effect 
of elgodipine is even more evident during intracoronary 
infusion’; 0.3 ug/kg/min substantially dilated the coro- 
nary vascular bed, but had only a minor effect on re- 
gional contractile function, whereas negative inotropic 
effects only became apparent at a rate of 0.9 ug/ 
kg/min, which also affected systemic responses. Admin- 
istered intravenously, a 30-fold greater dose would be 
needed to produce a negative inotropic effect, almost 20 
times the dose administered in our study. Realistically, 
such a dose would not be clinically appropriate, because 
of the likelihood of severe hypotension. 

Effects on isovolumic relaxation: Experimental 
work has emphasized the role of calcium influx—efflux 
in regulating the relaxation of the myocardial cell.” 
Left ventricular isovolumic relaxation is often abnor- 
mally prolonged in patients with coronary artery dis- 
ease,’425 probably due to the presence of fibrotic scar 
tissue or still viable myocardium in which the biochemi- 
cal process of activation (contraction and relaxation) 
has been altered by chronic ischemia.*>6 Because it has 
been demonstrated that myocardial ischemia leads to 
asynergy of wall motion that can have a major role in 
altering the time course of the isovolumic pressure re- 
duction,”®’ it may be expected that an improvement of 
the asynergic zones would result in a more synchronous 
and rapid relaxation of the whole ventricle. In our 
study, Taul was significantly shortened after intrave- 
nous infusion of elgodipine (Table II). However, these 
results do not necessarily imply the intrinsic improve- 
ment of relaxation, but may be the indirect effects of a 
significant decrease in end-systolic pressure and volume. 

Effects on coronary hemodynamics: Animal work 
has shown that intravenous elgodipine dose-dependently 
increases myocardial blood flow, with the greatest in- 
crease (up to 30%) occurring in the subepicardial layer.* 
In the presence of a simultaneous decrease in perfusion 
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pressure, vasodilatation occurs in all layers of the myo- 
cardium to produce the necessary decrease in coronary _ 
vascular resistance, the decrease in the subepicardium ` 
(45%) being more pronounced than that (30%) in the 
subendocardium.’ The present study confirms that elgo- 
dipine is a potent coronary vasodilator in humans. Coro- 
nary sinus and great cardiac vein flows increased signif- 
icantly during elgodipine infusion by 15 and 26%, re- 
spectively. As mean aortic pressure dropped, substantial 
decreases in global (~27%) and regional (—28%) coro- 
nary vascular resistances were observed. The increase in 
coronary venous flow was associated with an increase in 
coronary venous oxygen saturation, resulting in a de- 
crease in artericcoronary venous oxygen content differ- 
ence such that the calculated myocardial oxygen con- 
sumption did not decrease significantly (Table III). 
These results are consistent with our previous study of 
the effects of intravenous nisoldipine.”* 

coronary angiography: To increase the 
accuracy of diameter measurements and to better re- 
flect the true luminal cross-sectional area, multiple an- 
giographic views (22. orthogonal) were obtained in our 
study. If a coronary segment is nonaxisymmetric, vaso- 
dilation may accentuate the asymmetry of the lumen by 
preferentially relaxing the nonatherosclerotic part of the 
arterial wall, Consequently, the use of 1 angiographic 
view would be misleading. A relatively limited number 
of stenotic lesions was analyzed in this study owing to 
the following: (1) Selection needed high technical quali- 
ty angiograms with clear views of the pre- and postste- 
notic segments; (2) orthogonal projections of the stenot- 
ic lesions were necessary; and (3) repeated angiography 
was limited to the left coronary artery. 

Our results indicate that elgodipine induces signifi- 
cant vasodilatation not only in normal but also in 
stenotic coronary segments (Tables IV and V). The 
increase in the diameter of the nonstenotic segments 
was more pronounced in the distal and smaller sized 
segments than that in the larger proximal ones (Figure 
3), as was previously observed with other vasodilatory 
agents.293° Furthermore, the theoretical pressure gradi- 
ents across the stenotic lesions (computed from the data 
obtained at quantitative coronary angiography) showed 
a considerable decrease after elgodipine administration 
(Figure 2). 

Clinical implications: At the dose used in the present 
study, elgodipine did not produce any untoward effects 
and was consistently beneficial in terms of coronary he- 
modynamics. Therefore, elgodipine is of potential value 
for the treatment of ischemic heart disease and hyper- 
tension. Furthermore, the apparent absence of negative 
inotropic effects, and the reduction of cardiac afterload 
without an increase in preload are perhaps of particular 
relevance to the treatment of patients with mild to mod- 
erate congestive heart failure. 
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 Usefaness of Adenosine | in ı Augmenting 
Nentricular Preexcitation for Noninvasive 
Localization of Accessory Pathways 


Todd J. Cohen, MD, Kelly J. Tucker, MD, Joseph A. Abbott, MD, 
Elias H. Botvinick, MD, Elyse Foster, MD, Nelson B. Schiller, MD, 
J. Wiliam O'Connell, MS, and Melvin M. Scheinman, MD 





' Adenosine was administered to test the hypothesis 
that it would maximize preexcitation and facilitate 
noninvasive localization of accessory pathways in 
22 patients with suspected accessory pathway- 
mediated tachycardias. Twelve-lead electrocardio- 
grams and 2-dimensional echocardiograms were 
recorded at baseline and during adenosine-aug- 
mented ventricular preexcitation to localize the ac- 
cessory pathway. Phase analysis was performed 
on digitized 4-chamber and short-axis views using 


i a first harmonic Fourier transformation. At base- 


‘line, 15 patients had manifest preexcitation. In 14 
of these patients (93.3%), preexcitation became 
“more prominent after adenosine. Four patients 
without preexcitation at baseline clearly had it af- 
ter adenosine. In patients who had preexcitation in 
‘response to adenosine, the electrocardiogram cor- 
- rectly identified the accessory pathway locations 
in 18 of 19 patients at a regional level and was in- 
correct in 1 of 19 patients. Echocardiographic 
phase analysis correctly identified the accessory 
‘pathway location in all 17 patients, who had tech- 
-nically adequate studies, at a regional level. In 
“conclusion, administration of adenosine accentu- 


ates preexcitation, allowing for more accurate 


» @lectrocardiographic and echocardiographic ac- 
cessory pathway localization. 
(Am J Cardiol 1992;69:1178-1185) 
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ccurate noninvasive pathway localization is im- 
Aven in guiding appropriate use of catheter 

ablative techniques. Several noninvasive meth- 
ods have been used in order to help localize accessory 
pathways with electrical or mechanical cues. These in- 
clude 12-lead electrocardiograms using delta wave vec- 
tor evaluation,' multilead surface electrocardiographic 
mapping,’ and 2-dimensional echocardiographic imag- 
ing using inspection of digitized cine-loop,*-° or phase 
analysis of radionuclide blood pool scintigraphy®”? to lo- 
calize the pathway via the sight of earliest motion. Atri- 
al pacing augments the degree of preexcitation, facili- 
tating accessory pathway localization by each of these 
methods.'°-'5 Recently, Kuecherer et al!> demonstrated 
the use of 2-dimensional echocardiographic phase anal- 
ysis in conjunction with right atrial pacing to maximize 
preexcitation and facilitate pathway localization. Aden- 
osine, an intravenous short-acting atrioventricular nodal 
blocking agent,'°!8 might be expected to facilitate 
anterograde bypass tract conduction without need for 
cardiac pacing. The purpose of our study was to test 
the hypothesis that adenosine augments preexcitation, 
thereby facilitating the noninvasive localization of ac- 
cessory pathways. In this study, 3 noninvasive methods 
(12-lead electrocardiogram, 2-dimensional echocardio- 
graphic cine-loop inspection, and phase analysis) were 
evaluated at baseline. and after adenosine infusion in 
patients with suspected accessory pathway-mediated 
tachycardias in order to determine their ability to local- 
ize the pathways. 


METHODS 
Study group: We prospectively studied 22 consecu- 

tive patients referred to the University of California San 

Francisco, for known or suspected accessory pathway- 

mediated tachycardias. Manifest preexcitation was de- 
fined as the presence of ventricular preexcitation on the 

i2-lead electrocardiogram (15 patients). In 7 other pa- 

tients, an accessory pathway—mediated tachycardia was 
suspected since the 12-lead electrocardiogram during 

supraventricular tachycardia showed inscription of the. 
P wave in the ST segment during tachycardia. All pa- 

tients were in sinus rhythm at baseline and had normal 
left ventricular function. There were 11 men and 11 

women (mean age 31 + 3 years, range 13 to 67). This 

study was approved by the Institutional Review Board 
-of the University of California San Francisco and each 
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‘Study protocol Each patient w was connected toa 12- 
lead electrocardiogram and intravenous access was ob- 
tained. A 2-dimensional echocardiogram was obtained 
in the left lateral decubitus position using standard 
equipment (Hewlett Packard 500 and 1000, Andover, 
Massachusetts). A parasternal short-axis view was ob- 
tained just below the atrioventricular groove to visualize 
the full circumference of right and left ventricular endo- 
‘cardium. In addition, a slightly posteriorly oriented api- 
cal 4-chamber view was obtained to assist in the trian- 
gulation of foci localization. These images were ac- 
quired at 16 to 20 cm display depths and sampling 
frequencies of 30 to 60 Hz. Images were recorded both 
on videotape and on-line in cine-loop format (16 frames 
per cycle) using Cine-View Plus ™ (Freeland Systems, 
Louisville, Colorado) by gating acquisition to the R- 
wave upstroke. Cine-loops were stored on high-density 
disks (960K bytes, 60K bytes per frame). 

Twelve-lead electrocardiograms and 2-dimensional 
echocardiograms, in cine-loop format for qualitative 
analysis and phase image format for quantitative.analy- 
sis, were simultaneously obtained during sinus rhythm 
and immediately after intravenous bolus injection of 
adenosine. Doses were given every 5 minutes as needed 
for complete echocardiographic data acquisition (maxi- 
mum 5 doses per patient). The first 3 patients received 
3 and 6 mg of adenosine. Subsequent patients received 
either 6 or 12 mg doses of adenosine. Echocardiograms 
were obtained by an observer unaware of the 12-lead 
electrocardiographic and electrophysiologic findings, 
not available at the time of study. Adenosine-augment- 
ed electrocardiograms and echocardiograms were read 
by independent observers unaware of clinical findings. 
These results were compared with those determined by 
invasive electrophysiologic. mapping, confirmed in all 
but 1 case by successful catheter ablation. 

Phase analysis: The on-line cine-loop visual im- 
ages were mathematically transformed using custom- 
ized first harmonic Fourier analysis algorithms.'? The 
first harmonic curve was fitted to a time-intensity curve 
for each individual pixel on.a 256 X 240 image matrix. 
In this curve, amplitude depends on changes in pixel 
intensity, and the phase angle is determined by the on- 
set of intensity change of wall motion. Phase angles 


Short-Axis View 


FIGURE 1. Representation of a 2-cham- 
short-axis view just below the atrio- 


RA- = right atrium; RV = right ventricle. 





were then automatically color-coded. The resultant 
color images coded the sequence and extent of motion 
of the endocardial surface and chamber walls during a 
complete cardiac cycle. The R wave of the surface elec- 
trocardiogram was taken as 0 degrees. The site of earli- 
est ventricular motion was represented by the earliest 
phase angle. An eccentric ventricular activation se- 
quence, not originating from normal anterograde atrio- 
ventricular nodal conduction, could then be determined. 
Because the first harmonic curve is essentially a cosine 
function, earliest epicardial phase angles are indicated 
by a decrease in intensity during inward wall motion. 
However, inward endocardial motion is represented by 
increasing intensity to adjacent cavitary regions and is 
identifiable by a phase shift of 180 degrees. Therefore, 
the endocardial focus localized by phase echocardiogra- 
phy, unlike scintigraphic localization, is earliest among 
endocardial sites but shifted 180 degrees. Normal maxi- 
mal myocardial thickening and endocardial inward mo- 
tion was visually recognized by phase angles encoded in 
purple and red shades. These corresponded to phase an- 
gles of >100 degrees. In contrast, accessory pathway 
insertions were detected by abnormally early phase an- 
gles, <50 degrees, and encoded in green color shades. ` 
Data analysis: STANDARD 12-LEAD ELECTROCARDIO- 
GRAM: Baseline and postadenosine (preexcited) 12-lead 
electrocardiograms were interpreted without knowledge 
of either the echocardiographic or electrophysiologic 
findings. Accessory pathway localization was deter- 
mined by the delta wave vector as previously described.' 
VISUAL INSPECTION OF TWO-DIMENSIONAL ECHOCARDIO- 
GRAPHIC CINE-LOOP IMAGES: Baseline. and postadenosine 
cine-loop images were also interpreted by another in- 
vestigator without knowledge of the electrocardiogram 
or electrophysiologic findings. Two-chamber short-axis 
views at the atrioventricular groove were divided into 
the following segments as illustrated in Figure 1: (1) left 
anterior septal and left posterior septal, left anterior, left 
lateral and left posterior; and (2) right anterior, right 
lateral and right posterior. On the apical 4-chamber 
view left posterior, posteroseptal and right lateral seg- 
ments were visualized for additional conformation. 
VISUAL INSPECTION OF PHASE IMAGES: Color-coded 
phase images were analyzed for the site of earliest ven- 


Modified 
FourmChamber View 
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Ẹ I Dose Response of Adenosine (n = 19) 
a Sensitivity 
Augmentation (%) 






Injections 





A p <0.001 Ws 3.0, 6.0 mg). 


tricular endocardial phase angle in both short-axis and 
apical 4-chamber views by another investigator, without 
knowledge of echocardiographic, electrocardiographic 
or electrophysiologic findings. The same myocardial 
and endocardial segments were utilized for this method 
as previously described. Absolute phase angles for these 

sites were determined at baseline and after adenosine. 
Bind assessment of accessory pathway presence 

‘and location: The identification of the bypass tract loca- 
tion was blindly scored for all methods (at baseline and 
after adenosine). The precise accessory pathway loca- 
tion was determined by endocardial mapping studies in 
all and confirmed by catheter ablation in all but 1 pa- 
tient. For purposes of this study, identification of the 
pathway by noninvasive means was determined as re- 
gional localization, defined as correct localization to the 
involved or adjacent segments or segmental localization, 
where the correct segment was identified. All other lo- 
calizations were classified as incorrect. 

_ Statistical analysis: Baseline and postadenosine non- 
‘invasive localizations of accessory pathways were com- 
“pared using contingency tables. Cochran's test was used 

“to determine whether a significant difference existed be- 


tween the various. noninvasive methods Ap value 


_-<0.05 was considered statistically significant. All data - 


are presented as mean +. standard error. 


RESULTS 
Endocardial mappinig /caiteeter ablation: All 22 
patients with suspected accessory pathway-mediated 
tachycardias subsequently underwent endocardial map- 
ping to identify the pathway location: 19 patients had 
the Wolff-Parkinson-White syndrome, 3 had concealed 
accessory pathways, and none had bundle branch block; 
each patient had only a single pathway. In 21 of the 22 
patients, localization was confirmed after successful 
catheter ablation at the following locations: posterosep- 
tal (10 patients), left lateral (4 patients), left posterior 
free wall (3 patients), and right anterior (2 patients). 
Three patients had concealed anterograde conduction 
with accessory pathways in the left anterior, left posteri- 
or, and septal locations, which could not be assessed by 
noninvasive methods. The location as determined by en- 
docardial mapping/ablation served as our reference 
against which the noninvasive methods were tested. 
Dose response to adenosine: Seventy-eight intrave- 
nous adenosine bolus injections were administered to 22 
patients in this study (2 to 5 injections per patient with 
a cumulative dose range of 12 to 60 mg/patient). A 
total of 72 injections were given to the 19 patients with 
proven anterograde accessory pathway conduction. Of 
these 72 injections, electrocardiographic preexcitation 
was augmented in none of the 6 intravenous injections 
of 3-mg, 16 of 21 injections (76%) of 6 mg, and each of 
45 injections (100%) of 12 mg (Table I). At baseline, 15 
patients had manifest. electrocardiographic preexcita- 
tion. In 14 of 15 patients (93.3%) preexcitation became 








ae TABLE H Pathway Localization in Patients with Accessory Pathway—Mediated Tachycardias 
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Electrocardiogram Cine-Loop Echocardiographic Phase 
Pt. EPS Baseline Adenosine Baseline Adenosine Baseline Adenosine 
1 Posteroseptal Normal Posterosepta’ Normal Left lateral Posteroseptal Posteroseptal 
2 Posteroseptal Posteroseptal Posterosepta Normal Posteroseptal Normal Posteroseptal 
3 Posteroseptal Posteroseptal Posterosepta Posteroseptal Posteroseptal Posteroseptal Posteroseptal 
4 Posteraseptal Normal Posterosepta Normal Posteroseptal Normal Posteroseptal 
5 Posteroseptal Posteroseptal Posterosepta Normal Posteroseptal Normal Pasteroseptal 
7 Posteroseptal Right posterior Posterosepta Posteroseptal Posteroseptal Posteroseptal Posteroseptal 
13 Posteroseptal Posteroseptal Posterosepta' Posteroseptal Posteroseptal Posteroseptal Posteroseptal 
15 Posteroseptal Posteroseptal Posterosepta Normal Posteroseptal Normal Posteroseptal 
18 Posteroseptal Posteroseptal Posterosepta Normal Posteroseptal Normal Posteroseptal 
22 Posteroseptal Normal Posterosepta' Normal Posteroseptal Normal Posteroseptal. 
6 Left lateral Left lateral Left lateral Normal Posteroseptal Left iatera! Left lateral 
I1 Left lateral Left lateral Left lateral z a x Rae 
(14 Left tateral Left lateral Left lateral Normal Leftlateral Normal Left lateral 
16 Left lateral Left posterior Postéroseptal Normal Left lateral Normal Left lateral 
8 Left posterior Left posterior Left posterior Normal Left posterior Left posterior Left posterior 
9 Left posterior Left posterior Left posterior 4 * ig 
12 Left posterior Posteroseptal Left posterior/ Normal Postersseptal Posteroseptal Left posterior/ .. 
posterosepta! posteroseptal 
al Right anterior Narmal Right anterior Right anterior Right anterior Right anterior Right anterior 
10 Right anterior Anteroseptal/ Anteroseptal/ Normal Right anterior Anteraseptal/ Anteroseptal/ 
right anterior tight anterior right anterior right anterior 
17... ‘Left anterior (c) Normal Normal Normal Normal Normal © oNormal 
19). Septalic) =., Normal Normal Normal Normal Normal, Normal:. 
20. Left posterior (c) -< -Normal Normal — Normal’. ~ Normal Normal “> Normal 


: *achnicaly inadequate | images ior cinetoop and ra phase analysis; indeterminant pedein a aao ao location | is shown i in italies, a 





























more ‘ “prominent” "after administration of adenosine. 
Adenosine administration resulted in manifest- preexci- 
-of 7 patients with normal baseline electrocar- 
diograms. The baseline QRS duration was 115 + 5 ms 
eased after adenosine infusion to 155 + 5 ms (p 







rocedure was tolerated in all patients, each 
experiencing transient mild discomfort, facial flush- 
ing, paresthesia and dyspnea. Patient 18, a 16-year- 
old woman, had transient T-wave inversion without 
chest pain immediately after 12 mg of adenosine which 
promptly resolved within 1 minute. Patient 19, who was 
being treated with verapamil and atenolol, had an 
asymptomatic 3.2-second sinus pause. 

-i Noninvasive localization of accessory pathways be- 
fore and after adenosine: Table II lists the detailed pre- 
dicted accessory pathway locations in each of the pa- 
‘tients by the various methods. Table HI lists the overall 
results of these noninvasive methods (in total) predict- 
ing pathway location. Localization by 12-lead electro- 
cardiogram at baseline was correct at a regional level in 
15 of 19 patients, correct at a segmental level in 11 of 
19 patients, and incorrect in 3 of 19 patients. In patients 
with ventricular preexcitation after adenosine, the elec- 
trocardiogram correctly identified the accessory path- 
way location in 18 of 19 patients on a regional level, in 
16 of 19 patients at a segmental level and was incorrect 


FIGURE 2.. Top, upper strip shows wide 
complex tachycardia in patient 21, with a 
. regular ventricular rate of 300 beats/min. 
T iea was terminated by vatal ma- 
neuvers, Baseline electrocardiogram (bot- 
‘tom panel) was interpreted as normal. 
After a single injection of 12 mg of adeno- 
sine, preexcitation was recoded confirm- 













































































TABLE lil’ Adenosine Localization of Accessory Pathways ==; 
(n = 19) 
al 
Correct 
Segmental Regional Incorrect 
ECG 
Baseline Tis 15 3 
Adenosine 16t 184 1 
2-D cine-loop 
Baseline 3 3 15 
Adenosine 14t 14t 5 
Phase analysis 
Baseline 7 10 8 
Adenosine 15t 17t 2 | 
*p <0.001 (baselina ECG vs 2-dimensional cineloop); tp <0.05 (baseline vs 
adenosine): tp <0.05 €adenosine ECG vs adenosine 2-dimensional cine-loop}. 
ECG = electrocardiogram; 2-D = 2-dimensional. 














in only 1 patient. Adenosine administration resulted in 
manifest preexcitation in 4 of the 7 patients with normal 
baseline electrocardiograms (Figures 2 and 3). Three 
patients had no evidence of preexcitation after adeno- 
sine (60 mg total per patient). Each of these patients 
had a concealed accessory pathway at electrophysiologic 
study. 

Visual inspection of the cine-loop 2-dimensional 
echocardiogram before adenosine could correctly local- _ 
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ize only 3 of 19 pathways. However, after adenosine, 
localization was correct at the regional and segmental 
‘level in 14 of 19 patients and incorrect in only 5 of 19 
patients (p <0.05). 
All patients with accessory pathways showing anter- 
: ograde conduction, including those with posteroseptal 
pathways, were distinguishable from those with normal 
atrioventricular conduction. The mean baseline phase 
angle was 97 + 14 degrees (range 17 to 156). After 
<= adenosine, a wall motion abnormality was observed im- 
.. Mediately after the R wave with a mean phase angle of 
10-4 3 degrees (range —11 to 35). Therefore, a signifi- 
cant: phase angle shift was seen in patients with ventric- 
ular preexcitation (p <0.001). Figure 4 shows the mea- 
sured phase angles of the earliest activation sequence 
forall patients before and after adenosine. Inspection 
of 2-dimensional echocardiographic phase images after 


: F adenosine correctly identified 17 of 19 patients at a re- 
< gional level compared with 10 of 19 at baseline (p 


+0.05), and 15 of 19 patients at a segmental level com- 
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FIGURE 4, Ticare phas ngies of the sartteat activation 
sequence at baseline and | after adenosine in patients with an- 
_lerograde accessory pathway conduction. A significant phase 
eee ; F 
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FIGURE 3. Baseline (left) and postadeno- 
sine (right) 124ead electrocardiograms in i 


was identified and the pathway was local- 
ized correctly by each of our noninvasive 
methods to a posteroseptal location. 





pared with 7 of 19 at baseline (p .<0.05). Figure 5 
shows short axis phase images in patient 6. This patient 
had a normal baseline phase image, and after adenosine 
a left lateral phase angle shift was noted in the segment 
correctly identifying the accessory pathway insertion to 
this area. Figure 6 shows similar phase images in pa- 
tient 7 who had a posteroseptal pathway. 

Two cases (patients 1 and 6) incorrectly identified 
by echocardiographic cine-loop inspection were correct- 
ly identified by 12-lead electrocardiogram and echocar- 
diographic phase analysis after adenosine augmenta- 
tion. Two cases (patients 9 and 11) were correctly iden-. ` 
tified by adenosine electrocardiogram interpretation but 
not by echocardiographic means (cine-loop and phase: 
analysis) because of technically inadequate images. One 
case (patient 16) was correctly y localized by both echo- 
cardiographic techniques after adenosine administration 
but incorrectly localized by 12-lead electrocardiogram. 
When technically adequate images were obtained, echo- 
cardiographic phase analysis correctly localized the ac- 
cessory pathway insertion in all cases. 


DISCUSSION ' ae 

Adenosine is a potent atrioventricular nodal blocking as 
agent with a short half-life.'!!8 This medication has 
been shown to be very effective for terminating supra- _ 
ventricular tachycardias?! -74 Recently, Garratt et al? 
gave intravenous adenosine to. 22 patients with supra- - 
ventricular tachycardia and normal electrocardiograms 
and were able to unmask latent preexcitation in 4 of 
these patients. 

Previously, Kuecherer et al'> at our institution com- - 
pared electrocardiographic and echocardiographic anal- 
ysis for pathway location using right atrial pacing to 
augment: ventricular ‘preexcitation. -Their results dif- 


. fered from those observed in-our study in that a lower | 


percentage of correct electrocardiographic localizations 
were observed. ‘This may be Prbined by a different 
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FIGURE 5. Phase images obtained from the short-axis view in patient 6. By convention, phase angles were measured in areas 
that corresponded to maximal inward motion of the endocardium during systole. Phase images obtained at baseline (left) dem- 
onstrated normal phase angles (nearly identical to motion of the interventricular septum and posterolateral wall). Images ob- 
tained approximately 20 seconds after bolus injection of 12 mg of adenosine (right) demonstrated a markedly abnormal phase 
angle (green, as indicated by arrow) in the left lateral distribution. Therefore, a left lateral pathway was identified. 





—180 0 180 (deg) —180 0- 180 (deg) 





-188 -98 8 98 188 96 180 
FIGURE 6. Phase image (4-chamber view) in patient 7. This patient had a normal baseline phase image (left). After administra- 


tion of adenosine (right), a markedly abnormal phase angle (green, as indicated by arrow) was localized to the posteroseptal re- 
gion, which correctly identified the accessory pathway location. 


ADENOSINE LOCALIZATION OF ACCESSORY PATHWAYS 1183 





- method of augmenting preexcitation or a different dis- 
tribution of accessory pathway localizations (by chance) 
that included patients with anteroseptal and intermedi- 
ate septal pathways which may be impossible to sepa- 
rate by analysis of electrocardiograms. Such patients 
were not observed in our study. 

‘We used adenosine to augment ventricular preexci- 
tation in an attempt to improve noninvasive acces- 
sory pathway localization. We found that adenosine- 
augmented electrocardiographic and echocardiographic 
phase analysis proved the most successful. Echocar- 
diographic cine-loop and phase-imaging techniques 
required more complex equipment (2-dimensional echo- 
cardiograms and customized computer equipment), 
were more time consuming, and limited by the need for 
studies of suitable technical quality. 

Segmental localization improved after adenosine by 
all methods when compared with baseline. The modi- 
fied 4-chamber view did not correctly identify any addi- 
tional pathways than those identified by short-axis view 
cine-loop. Adenosine-augmented phase analysis identi- 
fied all accessory pathways at the regional level in pa- 
tients with technically adequate echocardiographic im- 
ages. Adenosine-augmented 12-lead electrocardiograms 
were significantly better than adenosine cine-loop in- 
spection at the regional but not segmental level. There 
were no significant differences between adenosine aug- 
mented 12-lead electrocardiographic and phase analy- 
sis. 

The goal of electrocardiographic and echocardio- 

graphic localization was precise segmental accessory 
pathway localization. Overall, in approximately 79% of 
cases, segmental localization was achieved after aden- 
osine (electrocardiogram 84%, cine-loop 74%, phase 
analysis 79%). This improved to approximately 86% 
with a less precise regional localization (electrocardio- 
gram 95%, cine-loop 74%, phase analysis 89%). Region- 
al localization might be useful in selecting the appropri- 
ate approach (right or left side) for the ablative proce- 
dure. 
_. Four of 19 patients with anterograde accessory path- 
ways had normal baseline 12-lead electrocardiograms, 
and had preexcitation after adenosine. These pathway 
locations were posteroseptal in 3 and right anterior in 1 
patient. This was unexpected, since baseline preexcita- 
tion is. usually observed with these locations because of 
their proximity to the atrioventricular node. Although 
the mechanism for these observations is unclear, it may 
be partly related to the fact that preexcitation may be 
obscured in the presence of rapid atrioventricular nodal 
conduction. 

Both 6 and 12 mg adenosine doses were well tolerat- 
ed by all patients and appear to be safe and effective in 
augmenting preexcitation in the baseline state. How- 
ever, adenosine has the potential to precipitate atrial fi- 
brillation, possibly due to shortening of the atrial refrac- 
tory period. After completion of this study, we observed 
adenosine-induced atrial fibrillation in a patient with 
Wolff-Parkinson-White syndrome and a history of re- 
current spontaneous atrial fibrillation. 












‘The techniques used in this study have several limi- - 
tations. First, adenosine electrocardiographic analysis _ 
was incapable of precise localization at the segmental — 
level in 3 of 19 patients. This may be due to the fact — 
that delta wave vectors are obtained from body surface 
recordings and are dependent on myocardial orientation 
as well as thoracic dimensions and configurations. 
Second, the short half-life of adenosine requires rapid 
electrocardiographic and echocardiographic acquisi- 
tion, potentially compromising echocardiographic image 
quality. Therefore, multiple boluses were necessary. 
to produce optimal echocardiographic images that cor- 
responded with peak electrophysiologic effect. Third, 
echocardiographic cine-loop inspection and phase analy- 
sis were dependent on the quality of echocardiographic 
images. In 2 cases, satisfactory echocardiographic stud- 
ies could not be obtained. Fourth, the right ventricular 
endocardium is more difficult to image than the left 
ventricle, and thus a higher incidence of errors for right- 
sided pathways by echocardiography might be antici- 
pated. As expected, adenosine had no effect in patients 
with concealed accessory pathways, and therefore their 
studies were indistinguishable from normal subjects by 
all methods. Finally, in rare instances, conduction over 
accessory pathways may be blocked by purinergic com- 
pounds.” Therefore, this test may not be universally ap- 
plicable. 

In conclusion, administration of adenosine accentu- 
ates preexcitation, allowing for more accurate electro- 
eardiographic and echocardiographic accessory path- 
way localization. 
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Differences Between Predictive Characteristics of 
 S$ignal-Averaged Electrocardiographic 

Variables for Postinfarction Sudden 

Death and Ventricular Tachycardia 
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Teri Millane, MRCP, Piotr Kulakowski, MD, Anne Staunton, RN, 
Alexander Matthies, and A. John Camm, MD 





Several studies indicate that the electrophysiolog- 
ic substrate for sustained ventricular tachycardia 
differs trom that of ventricular fibrillation. This 
prospective study examined whether there were 
clinically relevant differences between the predic- 
tive values of the standard time-domain signal-av- 
eraged (SA) electrocardiographic (ECG) variables 
for ventricular tachycardia and sudden death after 
myocardial infarction. Predischarge SA electro- 
cardiograms were recorded in 332 patients after 
infarction. During a follow-up period of >6 
months, there were 12 sudden deaths (3.6%), 14 
patients (4.2%) developed spontaneous sustained 
ventricular tachycardia and 20 patients (6%) died 


of circulatory failure. The sensitivity, specificity 


and positive predictive accuracy of the numerical 
-values of the time-domain SA electrocardiographic 
. variables for predicting sudden death and ventric- 
c ular tachycardia were compared. The optimal cri- 
„teria for predicting ventricular tachycardia re- 
> quired the positivity of >2 of the standard time- 
‘domain SA variables, whereas the optimal criteria 
for predicting sudden death required the positivity 
_ of all 3 variables. A high specificity was sustained 
over a wider range of sensitivity for sudden death 
than it was for ventricular tachycardia and the val- 
. wes of the variables which provided the same sen- 
‘sitivity for sudden death and ventricular tachycar- 
dia were different. For a sensitivity of 70%, the 
positive predictive accuracy was 31% for predict- 
ing sudden death and 13% for predicting ventricu- 
lar tachycardia. The study concludes that differ- 
ences in the predictive characteristics of variables 
for ventricular tachycardia and sudden death may 
be used to refine postintarction risk stratification. 
(Am J Cardiol 1992;69:1186-1192) 
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electrocardiogram (ECG) are associated 

with an increased risk of arrhythmic events 
after myocardial infarction.'? However, the SA ECG 
has several limitations when applied to postinfarction 
risk stratification. Some workers have diagnosed late 
potentials with reference to normal control subjects,? 
whereas others have used criteria that were derived 
from patients with a history of ventricular tachycardia.* 
Second, the categorical criteria used for diagnosing late 
potentials cannot be adjusted to provide the predictive 
characteristics that would best suit all clinical situa- 
tions. Finally, the term “arrhythmic events,” embraces 
both sustained ventricular tachycardia and sudden 
death, which are end points with different clinical impli- 
cations.’ Recent studies have shown that the electro- 
physiologic substrate in patients presenting with hemo- 
dynamically stable sustained ventricular tachycardia 
may differ from that in patients who present with cardi- 
ac arrest.°-8 Therefore, postinfarction risk stratification 
could be substantially refined if, by using the numerical < 
values of the time-domain the SA electrocardiographic 
variables to describe the electrophysiologic substrate, 
the risks of sudden death and sustained ventricular 
tachycardia could be individually assessed. We there- 
fore examined whether there are important differences 
between the predictive values of the standard time- 
domain SA electrocardiographic variables for sudden 
death and ventricular tachycardia after myocardial in- 
farction. 


METHODS ol 
Patient population: The cligible patient population 
consisted of 379 patients admitted to the hospital with 
acute myocardial infarction. Acute myocardial infarc- 
tion was defined by standard criteria. Forty-five patients 
with atrial fibrillation, important noncardiac disease, a 
history of previous cardiac surgery or permanent pace- 
maker insertion and patients with bundle branch’ block 
or ventricular preexcitation were excluded because these 
conditions complicate. time-domain analysis of the SA 
ECG. Therefore the study population consisted of 332 — 
patients aged 26 to 74 years (mean 56.7 + 9). The site 
of infarction was anterior in 168 patients, inferior in 156 
and indeterminate in 8. Of the 332 patients, 40 (12.1%) 


66 I ate potentials” on the signal-averaged (SA) 
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had had a previous myocardial infarction, 133 (40%) 
were discharged taking §-blockers, and 149 (45%) re- 
ceived streptokinase and aspirin during the acute infarc- 
tion. Specific prophylactic antiarrhythmic therapy was 
not routinely prescribed and patients later presenting 
with ventricular tachycardia were treated as deemed ap- 
propriate ‘by the attending cardiologist. 

Data recordings: A high-gain SA ECG was record- 
edi in each patient between the sixth and eleventh day 
after admission using a system of Arrhythmia Research 
Technology, model 1200 EPX. The system uses frank 
orthogonal leads and a sampling rate of 1 KHz. Low- 
and high-pass filter settings of 250 and 25 Hz, respec- 
tively, were used. A noise level of <0.3 uV was achieved 
in 70% of the patients and a noise level of <0.5 uV in 
the remaining patients. The following variables were 
computed: the total duration of the filtered QRS com- 
plex, the root-mean-square voltage of the terminal 40 
ms of the averaged QRS complex, and the duration of 
the terminal signals lower than 40 mV, namely, the low- 
amplitude signal duration. No patient took specific anti- 
arrhythmic therapy during SA electrocardiographic re- 
cording. 

Normal ranges for the SA variables were based on 
the results of recordings undertaken in 60 control sub- 
jects (45 men aged 24 to 90 years, mean 54) with no 
evidence of heart disease. The total duration of the fil- 
tered QRS complex ranged from 77 to 139 ms (mean 
99 + 13), low-amplitude signal duration from 8 to 55 
ms (mean 25 + 8.4), and root-mean-square voltage of 
the terminal 40 ms from 15.0 to 186 (mean 67.5 + 44): 
97% of the patients had tQRS <118 ms, low-amplitude 
signal duration <36 ms and root-mean-square >19, and 
these values were used to delimit a normal SA ECG. 

Left ventricular ejection fraction was assessed by ra- 
dionuclide angiography or contrast angiography within 
a month of infarction. 

Risk stratification: The major end points of sudden 
death and ventricular tachycardia were classified by a 
group of physicians without knowledge of the risk strati- 
fication results. As in the Cardiac Arrhythmia Pilot 
Study,’ sudden death was defined as death within an 
hour of the onset of new symptoms: sudden death also 
included instantaneous deaths and those who died in 
their sleep as well as those whose death was unwitnessed 
but occurred within an hour of last being seen alive. 
Sustained ventricular tachycardia was defined as spon- 
taneous electrocardiographically documented symptom- 
atic ventricular tachycardia lasting for 230 seconds. 

Comparisons between the predictive characteristics 
of the SA electrocardiographic variables were obtained 
by using receiver-operator characteristic curves, which 
describe the dependence. of specificity on sensitivity. 
They were plotted from the highest values of specificity 
calculated for each value of sensitivity. Three different 
diagnostic approaches were used, diagnosing a patho- 
logic result of the time-domain SA electrocardiographic 
analysis when =1, 22, or all 3 of the variables had ab- 
al values. The values of the SA electrocardio- 
graphic variables in patients who developed events were 
selected as dichotomy points. Values of total filtered 
RS duration or low-amplitude signal duration which 





















m : 
TABLE | Clinical Characteristics of Patients with Ventricular | 
| Tachycardia and Sudden Death x 
Spontaneous Sudden 
VT Death 
f Z | 
No. of pts. 14 12 
Mean age (yr) 60 59 
Mean LVEF (%) 38 48 
LVEF <40% 7 7 
Time to event <90 days 9 7 
Streptokinase 6 4 
Previous AMI 2 2 _| 
ae acute myocardial infarction; LVEF = left ventricular ejection fraction; VT 
ventricular tachycardia. | 








were higher, and values of the root-mean-square voltage 
of the last 40 ms of the filtered QRS complex which 
were lower, than the selected dichotomy point were de- 
fined as abnormal. For each value of sensitivity, all 
combinations of dichotomy points of the SA electrocar- 
diographic variables were examined and specificity was 
calculated from the corresponding counts of true-nega- 
tive cases. Receiver-operator characteristic curves were 
then plotted. !° 

Statistics: The standard unpaired ¢ test assuming 
the same variances of the analyzed samples was used to 
compare the numerical values of individual variables in 
the total patient population and for comparisons be- 
tween the different patients subgroups, namely, (1) sud- 
den death, (2) nonsudden deaths, (3) the group with 
sustained ventricular tachycardia, and (4) those who 
had no complications during follow-up. 

The positive predictive accuracies of identification of 
the sudden death group and the ventricular tachycardia 
group by diagnostic approaches requiring 22 and all 3 
variables were also compared. First the positive predic- 
tive accuracies for each of these diagnostic approaches 
were calculated for sensitivities of approximately 40, 50, 
60 and 70%. Then, the proportion of true and false posi- 
tive cases obtained when predicting sudden death was 
compared with the proportion of true and false positive 
cases obtained when predicting ventricular tachycardia 
using Fisher’s complete test. 


RESULTS 

During a follow-up period of 26 months (183 to 
1,616 days) 12 patients (3.6%) died suddenly, 20 (6%) 
died of circulatory failure, and 14 patients (4.2%) devel- 
oped spontaneous sustained ventricular tachycardia. Ta- 
ble I compares the clinical characteristics of the patients 
who developed ventricular tachycardia with those who 
died suddenly. Between the 2 groups of patients there 
were no significant differences in age, proportion of pa- 
tients with left ventricular ejection fraction <40%, mean 
left ventricular ejéction fraction, proportion who re- 
ceived streptokinase or had a previous myocardial -in- 
farction, or the time to event. 

In the complete patient population the values. of 
root-mean-square voltage of the terminal 40 ms ranged 
from 4.9 to 285 4V, the total duration of the filtered 
QRS ranged from 54 to 206 ms; and the low amplitude 
signal duration ranged from 5 to 106 ms. Table I com- 
pares mean values and variances of the individual SA 
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the various patient Oe 


ificant difference i in root-mean- 


juration between patients who died sudden- 
dy and and nonsuddenly, but not between patients who 
: died suddenly and those who developed ventricular 
eee tachycardia: mean difference (+95% confidence limits) 
-o between the 2 groups for root-mean-square voltage was 
0.3 & 20 pV, for QRS duration 9 + 17 ms and for low- 
oe amplitude signal duration 7 + 13 ms (unpaired t test). 
<. The distribution of the events in relation to the val- 
ues of the SA electrocardiographic variables are seen in 
Figure 1. Sudden and nonsudden deaths are clustered at 
opposite poles of the figure, with the patients who devel- 
- oped ventricular tachycardia in between. 
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fication of arrhythmic events, udica death, ventricular _ 
tachycardia, all-cause mortality and nonsudden death 
are represented in Figure 2. A strategy requiring posi- 
tivity of any 2 SA electrocardiographic variables provid- 





TABLE Hl Mean + Standard Deviation of Values of 
Signal-Averaged Electrocardiographic Variables in Patient 
Subgroups 


No. of RMS 


(40 ms) 


SD 29 + 28 124 + 22 41 +21 

VT 28+19 116+ 17 21212 

p value NS NS NS 

sp 29 + 28 124 + 22 41 +21 

NSD 51 + 37 102215 23.0+11.0 

p value NS <0.006 <0.013 

sD 29 + 28 124 22 41 +21 

No events 69 + 52 102 + 17 25+12 

p value <0,0001 <0,005 <0.02 

VT 1 28+ 19 116217 212+11 

NSD §1 + 37 102 + 15 11023 

p value <0.035 <0,02 

NSD 51 + 37 102 +15 

No events 69 + 62 102 + 17 

p value NS NS 

Controls 68 + 44 99.0 +13 

No events 69 + 52 102 + 17 

p value NS > NS 

The pgp value was calculated by using the 2-sample t test. 

fitude signal duration; No.events = patients without events; NS = 

iad eh pty NS 


= nonsudden death; RMS = root-mean-square; SD = sudden 
eath; VT = ventricular tachycardia, 
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ed the otimali c curves for predicting arrhythmic events 
it am and ventricular tachycardia in particular. 
For predicting sudden death, the strategy requiring 
iv ivity of all 3 variables performed similarly to that 
requiring any 2 variables when comparing the plots of 
specific city against sensitivity. The approach requiring 
the positivity of all 3 variables also performed better 
han that requiring the positivity of any 2 SA electro- 














cardiographic variables when comparing the plots of 
positive predictive accuracy, particularly when sensitiv- 
ity lay between 20 and 30%. A high specificity was sus- 
tained over a wider range of sensitivity for sudden death 
(Figure 2B) than it is for ventricular tachycardia (Fig 
2C). Figure 2B and E, show that specificity was much 
higher and sustained at a higher level over a wider 
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range of sensitivity for sudden ‘than for nonsudden 
death. 

SENSITIVITY AND POSITIVE PREDICTIVE ACCURACY: The 
dependence of positive predictive accuracy on sensitivity 
for the SA electrocardiographic variables used for strat- 
ification of arrhythmic events, sudden death, ventricular 
tachycardia all-cause cardiac mortality and nonsudden 
death are represented by Figure 3. The optimal ap- 
proach for predicting arrhythmic events required the 
positivity of 2 variables. The optimal approach for pre- 
dicting sudden death was provided by the positivity of 
all 3 variables. For predicting ventricular tachycardia, 
the highest positive predictive accuracy was provided by 
the positivity of all 3 variables for values of sensitivity. 
between 10 and 30%. However, positive predictive accu- 
racy was higher for sudden death than for ventricular 
tachycardia for nearly all values of sensitivity. Further- 
more, the values of the SA electrocardiographic vari- 
ables that provided the same sensitivity for sudden 
death and ventricular tachycardia were different (Table 
HI). Statistical examination also showed some signifi- 
cant differences between the positive predictive accura- 
cies of the sudden death and ventricular: tachycardia 
predictions (Table IV). 
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! sudden death, for which the paitive desea sed 

= was about 10% across the whole range of sensitivity. 

- This indicates that the SA electrocardiographic vari- 
ables were unhelpful in predicting nonsudden death. 


Se DISCUSSION 
o Study results: Ventricular activation time in sinus 
- rhythm is significantly longer in animals with inducible 
ventricular tachycardia than in those with inducible 
-. -yentricular fibrillation.** Similar findings have been re- 
ported in clinical studies based on the SA ECG.'1!2 
. Freedman et al!! found that root-mean-square voltage 
of the last 40 ms of the filtered QRS was lower in pa- 
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Stratification of Ventricular Tachycardia: Two of Three Present 
= 
40 7A 124 ` 34 
50 8.2 124 34 
60 11.8 E24 34 
70 11.8 : 105 30 
[preires 
Stratification of Sudden Death: Three ef Three Present 
40 16.9 122 45 
50 20.1 122 -26 
60 25.0 122 26 
70 28.9 122 23 
The values listed are only a few of several possible. combinations of signal-average 
electrocardiographic values that gave the same predictive values. The dichotomy limits 
presented. itr the 2 parts of the table cannot be easily compared because they were 
derived using different diagnostic approaches, 
LPD = low-arnplitude signal duration; PPA = positive predictive accuracy; RMS = 
root-mean-square voltage. 
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2 tients with a history of ventricular tachycardia than in 
patients with a history of ventricular fibrillation. How- 
= ever, this study involved patients. with various forms of 
_ structural heart disease and its results may not therefore 
be broadly applicable to patients with coronary artery 
disease. In a subsequent study of 65 patients presenting 
late after myocardial infarction, Denniss et al!? found 
that the mean ventricular activation time was longer in 
- patients with a history of ventricular tachycardia than 
in those presenting with ventricular fibrillation. They 
also found, as in previous studies,'3-!5 that the mean 
cycle length of inducible ventricular tachycardia in the 
remaining patients was shorter in patients presenting 
with ventricular fibrillation than in those with a history 
of ventricular tachycardia. The lower the ejection frac- 
tion in these patients, the longer the cycle length of in- 
- ducible tachycardia. Based on these findings, Denniss et 
ali? suggested that markedly delayed ventricular con- 
duction was a reflection of extensive myocardial scar- 
ring, and that this scarring resulted in a potential circuit 
¿ctoo large to support the rapid rates at which ventricular 
- tachycardia was likely to deteriorate into ventricular fi- 
brillation. However, whether the SA ECG could distin- 
-> guish patients with a history of ventricular fibrillation 
from otherwise comparable postinfarction patients with- 
“cout arrhythmias was not examined.'? In their previous 
: study, Freedman and colleagues!! found no difference 
in root-mean-square voltage between normal control 
‘subjects and patients presenting with ventricular fibril- 
` lation, 
e implications of these findings for the prospective 
-risk stratification of postinfarction patients have not 
been addressed. Unlike Denniss et al,!? we found no dif- 
ferences in the mean values of the SA electrocardio- 
graphic variables between patients who died suddenly 
and those who developed ventricular tachycardia, prob- 
ably because of the small number of events. However, in 
the study of Denniss et al!? the SA ECG recordings 
‘were recorded in patients with a history of an arrhyth- 
mic event, whereas the present study was prospective. 
Nevertheless, we have found clinically important dif- 
` ferences between the predictive characteristics of the 
SA electrocardiographic variables for sudden death and 
- ventricular tachycardia (Figure 2). By comparison, cat- 
- egorical criteria based on our normal population gave a 
- sensitivity of 65%, a specificity of 83%, but a positive 
predictive accuracy of only 12% for sudden death and a 
sensitivity of 76%, a specificity of 81% and a positive 
predictive accuracy of 15% for ventricular tachycardia. 
< Simson’s criteria‘ in the same patients gave a sensitivity 
of 62%, a specificity of 78% and a positive predictive 
_ accuracy of only 10% for sudden death, and a sensitivity 
of 75%, a specificity of 78% and a positive predictive 
: accuracy. of 13% for ventricular tachycardia. 
a. ‘Study limitations: One of the limitations of our 
-study i is the potentially erroneous assumption that all 
«sudden deaths were due to ventricular fibrillation. Fur- 
$ thermore, the small number of patients with events pre- 
_ cluded any correction for age and infarct site! and may 
. account for the conservative results in Table IV. 
___ Clinical implications: The prognostic value of the SA 
ECG is currently based on studies in which sudden 














TABLE IV Stratification of Sudden Death and Ventricula 
Tachyéardia Using any Two Signal Averaged 
Electrocardiographic Variables* 














Sensitivity $D VT 
(%) TP FP TP FP p Values 
40 5 6 6 17 NS l 
50 6 10 7 19 NS 
60 7 16 8 23 NS 
70 8 18 10 66 < 0.045 
_ soon I 
Using all Three Signal-Averaged Electrocardiographic Variables 
40 5 5 6 33 <0,033 
50 6 T 7 38 <O0.09b 
60 7 16 8 AG <0.104 
L 70 8 19 10 66 <0.054 
*The number of false-positives and false-negatives for different values of sensitivity. 








The difference in the positive predictive accuracy between the sudden death and 
ventricular tachycardia group was examined using Fisher's test (p<). 

FP = false-positive patients; NS-= not significant; SO = sudden death; TP = 
true-positive patients; VT = ventricular tachycardia. 








death and ventricular tachycardia have been grouped 
together as arrhythmic events.' Our results show that 
this strategy may be inappropriate. Our results also im- 
pact on the interpretation of the SA ECG after throm- 
bolytic therapy. Thrombolysis may result in patchy 
myocardial damage,'®!7 which may still support rapid 
ventricular tachycardia, but which does not result in 
sufficient conduction delay to meet criteria for diagnos- 
ing late potentials. The actual values of the electrocar- 
diographic variables may be more reliable for risk strat- 
ification in such patients. 

That all 3 variables had to be abnormal for the strat- 
ification of patients at risk of sudden death, but only 2 
abnormal values were needed for predicting ventricular 
tachycardia, may indicate that the substrate in patients 
presenting with cardiac arrest may be more specific and 
difficult to define using the SA ECG than in patients 
presenting with stable ventricular tachycardia. 

Extrapolation of our results to other postinfarct pop- 
ulations depends on the proportion of our sudden deaths 
that were due to the deterioration of ventricular tachy- 
cardia and on whether the electrophysiologic determi- 
nants of the risk of developing ventricular fibrillation 
are the same during acute ischemia as they are during 
ventricular tachycardia. However, the present approach 
may be refined by taking age into consideration.'? Be- 
cause younger patients have less severe coronary artery 
disease than older patients, the relative proportion of 
sudden deaths due to the deterioration of ventricular 
tachycardia in such patients may be high, and it may 
thus be easier to differentiate the risk of sudden death 
and stable ventricular tachycardia in younger than in 
older patients by using the SA ECG. Further aS AP 
is needed to examine this hypothesis. 
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and tissue for effective blood pressure control? 


* In some patients treated once daily, the antihypertensive effect may diminish toward the end of the dosing interval 
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BRIEF SUMMARY 












USE IN PREGNANCY 
When used in pregnancy during the second and third trimesters, ACE 
inhibitors can cause injury and even death to the developing fetus. 
When pregriancy is detected, ALTACE should be discontinued as soon as possible 
See WARNINGS: Fetal/neonatal morbidity and mortality. 


ALTACE is available in potencies of 1.25 mg, 2.5 mg, 5 rag, and 10 mg in color-coded, 
hard gelatis capsules. 


INDICATIONS AND USAGE: ALTACE is indicated tor ‘ne treatment of hypertension 
it may be used alone of in combination with thiazide ¢ uretics 

in using ALTACE, consideration should be given to the tact that another angio- 
tensin converting enzyme inhibitor, captopril, has caused agranulocytosis. particu- 
larly in patients with renal impairment or collagen- vascular disease. Available data are 
insulficient to show that ALTACE does not have a simi.ar risk. (See WARNINGS.) 


CONTRAINDICATIONS: ALTACE is contraindicated in patients who ate hyperser- 
sitive to this product and in patients with history of angioneurotic edema 


WARNINGS: Angioedema: Angicedema of the lace, extremities, lips tongue, 
giottis, and larynx has beer reposted in patients treate? with angiotensin converting 
enzyme inhibitors. Angioedema associated with larysgeal edema can be fatat. If 
laryngeal stridor or angioedema of the face, tongue, or glottis occurs, treatment with 
ALTACE should be discontinued and appropriate therapy instituted immediately 
Where there is involvement of the tongue, glottis, or larynx, likely to cause 
airway obstruction, appropriate therapy, e.g., subcutaneous epinephrine 
solution 1:1,000 (0.3 mi to 0.5 mi) should be promptly administered. (See 
ADVERSE REACTIONS. } 


Hypotension: ALTACE can cause symptomatic hyporensicn, after either the mitial 
dose or a tater dose when the dosage has been increased. Like other ACE inhibitors, 
ramipril has been only rarely associated with hypoterston is uncomplicated hyper- 
tensive patients, Symptomatic hypotension is most Hely ta occur in patients who 
have beer volume- and/or salt-depleted as a result of proconged diuretic therapy, 
dietary sa't restriction, dialysis, diarrhea, or vomiting Volume and/or salt depletion 
should be corrected before initiating therapy with ALTACE 

In patients with congestive heart failure, with or without associated renal iasul- 
ficiency, ACE inhibitor therapy may cause excessive hypotension, which may be 
associated with oliguria or azotemia and, rarely, with ecute ranal failure and death. In 
such patients, ALTACE therapy should be started under close medical superv:sion, 
they shouid be followed closely tor the trst 2 weeks of treatment and whenever the dese 
af ramipril or diuretic is increased 

{hypotension occurs, the patient should be placed in a supine positon and, if 
necessary, treated with intravenous infusion of physialogicai saline. ALTACE treat- 
ment usually can be continued toltowing restoration af blood pressure and volume 


Neutropenia/Agranulocytosis; Another angiotensin converting enzyme inhibitor, 
captopril, has been shown to cause agranulocytosis and bone marrow depression, 
rately in uncomplicated patients, but more frequently in patients with renal impair- 
ment, especially if they also have a coltagea-vascular disease such as systemic lupus 
erythematosus or scleroderma, Available dala fram clinical tnais of ramipril are 
insufficient to show thal ramiprit does not cause agranulocytosis at similar rates 
Monitoring of white blood cell counts shouid be considered in patients with collagen 
vascular disease, especially if the disease is associated with impaired renal furction, 


Fetal/Neonatal Morbidity and Mortality: ACE inhibitors can cause fetai and 
neonatal morbidity and death whea administered to pagnart women. More than 100 
cases have been reported in the world literature, When pregnancy is detected, ACE 
inhibitors should be discontinued as soon as possitle 

The use of ACE inhibitors during the second and third trimesters of pregnancy has 
been associated with fetal and neonatal injury, inclucing hypotension, neonatal skull 
hypoplasia, anuria. reversible and irreversible renal failure, and death. Oligohydramnios 
has also been reported, presumably resulting trom decreased fetal renal function; 
oligohyovamnios in this setting has been associated with fetal limb contractures, 
craniofacial deformation, and hypoplastic iung develcamen:. Prematurity, ‘ntrauterine 
growth retardation, and patent ductus arteriosus have also been reported, although it 
is not Cisat whether these occurrences were due to the ACE inhibitor exposure 

These adverse effects do no! appear to have resulted from intrauterine ACE- 
inhibitor exposure that has been limited to the first trimester Mothers whose embryos 
and fetuses are exposed to ACE inhibitors only during the first trimester sould be so 
informed. Nonetheless, when patients become pregnant. physicians should make 
every eltort to discontinue the use of ALTACE as so.2n as dossible 

Rare’y (probably less often than once in every thcusand pregnancies), no alterna- 
tive to ACE inhibitors will be found. in these rare cases, the mothers should be 
apprised of the potential hazards to their fetuses, ated serial ultrasound examination 
should oe performed to assess the intra-amnntic e vironment 

Hf oligehydramnios is observed, ALTACE should be discontinued unless it is 
considered lifesaving for the mother Contraction stress testing (CST), 2 nor-stress 
test (NST), or biophysical protiling {BPP} may be appropriate depending upon the 
week of pregnancy. Patients and physicians should be aware, however, at oligahy- 
dramaies may rat be apparent until after the fetus kas sustained irreversible inary. 

infants with histories of in utero exposure to ACE inhibitors should be closely 
observed for hypotension, oligutia, and hyperkalemia. If oliguria occurs, aitention 
should be directed toward support of bload pressu 2 and renal perfusion, Exchange 
transfusion or dialysis may be required as means ef reversing hypotension and/or 
substituting or disordered rena! function. ALTACE which crosses the placenta, can 
be removed from the neanalal circulation by these means, but limited experience has 
not shown that such removal is central te the treatment of these infants. 

No teratogenic effects of ALTACE were seen in sti dies of pregnant rats rabbits, and 
cynomalgus monkeys. On a mg/kg basis. the doses used were up 10 2.500 times (in 
rats), 6.25 times (in rabbits}, and 1.250 times (in monkeys) the maximum recom- 
mended human dose 


PRECAUTIONS: General: impaired Renal Fuaction As a consequence ol in- 
hibiting the renin-angiotensin-aldosterone system, changes in renal functior may be 
anticipated in susceptible individuals. in patients with severe congestive heart failure 
whose renal function may depend on the activity of Be renin-angiotensin-aldasterone 
system, treatment with angiotensin converting enzyne inhibitors, including ALTACE, 
may be associated with oliguria and/or progressive azotemia and (rarely) with acute 
renal failure and/or death. in hypertensive patients with unilateral or bilateral renal 
artery stenosis, increases in blood urea nitrogen and serum creatinine may occur 
Experience with another angiotensin converting enzyme inhibitor suggests thal these 
meteases are usually reversible upon discontinuation ot ALTACE and/or diuretic 
therapy. in such patents renal function should be monitored during the trst few weeks 
af therapy. Some hypertensive patients with no arparen’ pre-existing tenal vascular 
disease have developed increases in bioad urea nitrogen and serum creatinine, usually 
minor and transient, especially when ALTACE has teen given concomitantly with a 
diuetc. This is more likely to occur in patients weth pre-existing renal impairment 
Dosage reduction af ALTACE and/or discontinuation of the diuretic may be required 














Evaluation of the hypertensive patient should always include assessment 
of renal function. 


Hyperkalemia: in clinical trials, hyperkalemia «serum potassium greater than 5.7 mEq’ 
Lj occurred in approximately 1% of hypertensive patients receiving ALTACE. In most 
cases, these were isolated values, which resolved despite continued therapy. None of 
these patients was discontinued from the trials because of hyperkalemia. Risk factors 
for ihe development of hyperkalemia include rena! insuflieiency, diabetes mellitus, 
and the concomitant use of potassium-sparing d:wretics, gotassium supplements, 
and/or potassium-containing sait substitutes. which should! be used cautiously, if at 
ail, with ALTACE. (See DRUG INTERACTIONS.) 


Cough: Cough has been reported with the use of ACE inhinitors. Characteristically, 
the cough 1s nonproductive, persistent and resolves after discontinuation of therapy 
ACE inhibitor-induced cough should be consideredtas part c! the differential diagnosis 
of cough 

Impaited Liver Funcéion: Since ramipril is primarily metabctizec by hepatic esterases 
to its active moiety, ramiprilat, patients with impaired tiver lunction could develop 
markedly elevated plasma levels of ramipr’, No formal pharmacokinetic studies have 
been carried out in hypertensive patients with impaired liver function 


Surgery/Anesthesia. in patients undergoing surgery of during anesthesia with agents 
that produce hypotension, ramipril may block angiotensin Il formation that would 
otherwise occur secondary to compensatory renin release Hypotension that occurs 
as a result of this mechanism can be corrected by volumesexpansion 


Information for Patients: Angioedema: angioedema, iacluding laryngeal edema, 
can occur with treatment with ACE inhibitors, especially following the first dose 
Patients should be so advised and told to report immediately any signs or symptoms 
suggesting angicedama (swelling cf face, eyes, lips, tongue, of difficulty in breathing) 
and to take no more drug until they have consulted with the prescribing physician. 
Symptomatic Hypotension: Patients should be cautionec that lightheadedness can 
occut, especially during the first days of therapy, and it should be reported. Patients 
should be told that if syncope occurs, ALTACE ™ (ramipril) should be discontinued 
until ‘he physician has been consulted 

All patents shouid be cautioned that inadequate ‘luic intake or excessive 
perspiration, diarrhea, ar vomiting can jead to an excessivedtall in blood pressure, with 
the same consequences of lightheadedness and possible:syncape. 


Hyperkalemia: Patients should be told not to use salt suzstitutes containing potas- 
sium without consulting their physician 

Neutropenia: Patients should be told to promptly report any indication of infection 
(e.g. sore throat, fever), which could be a sign of neutrowenia. 


Pregnancy. Female patients of childbearing age should be told about the consequences 
of sesond- and third-trimester exposure to ACE inhibitors, and they should atso be told 
that these consequences do not appear to have resulted {rom intrauterine ACE- 
inhibitor exposure that has been limited to the first trimester. These patients should 
also be asked to report pregnancias to their physicians as soon a5 possible. 


Drug Interactions: With Diuretics: Patients on diuretics, especially those in whom 
diuretic therapy was recently instituted, may occasionally experience an excessive 
reduction of blood pressure after initiation cf therapy with ALTACE. The possibility of 
hypotensive effects with ALTACE can be minimized by either discontinuing the diuretic 
or increasing the salt intake prior to initiation of treatment with ALTACE. If this is not 
possible, the starting dose should be reduced. 


With Potassium Supplements ard Potassium-Sparing Diuretics: ALTACE can at- 
tenuate potassium foss caused by thiazide diunstics. Potassium-sparing diuretics 
(spironolactone, amiloride, triamterene, and others) or potassium supplements can 
increase the risk of hyperkalemia, Therefore. if concoraitant use of such agents is 
indicated, they should be given with cautior. and the patient's serum potassium should 
be monitored frequently 


Witè Lithium. increased serum lithium levels and symptoms of lithium toxicity have 
been reported in patients receiving ACE inhibitors dutingtherapy with lithium, These 
drugs should be coadministered with caution, and frequert monitoring of serum 
lithium levels is recommended. If a diuretic is also uses, the risk of lithium toxicity 
may be increased 


Other’ Neither ALTACE nor its metabolites have been ‘ound to interact with food, 
digoxin. or antacid 


Carcinogenesis, Mutagenesis, impairment of Partility: No evidence of a 
tumorigenic effect was found when ramipri! was given by gavage to rats (up to 500 mg/ 
kg/day for 24 months) or to mice (up ta 1,000 mg/kg/day for 18 months). Dosages 
greatly in excess of those recommended for humans produced hypertrophy of the renal 
jwcaglomerular apparatus in mice, fats, dogs, and monkeys. No mutagenic activity 
was detected in the Ames test in bacteria, the micronucleus test in mice, unscheduled 
ONA synthesis in a human cell line, or a ‘onwa'd gene-mutetion assay in a Chinese 
hamster ovary cet! line. Several metabolites and degradai:on products of ramipril were 
als negative in the Ames test, A study in rats with dosages as great as 500 mg/kg/ 
day did nat produce adverse effects on fertility 


Pragnancy: Ay pat Categories C (first trimester) and D (second and 
third trimesters): See WARNINGS: Fatal/agonatal morbidity and mortality. 
Nursing Mothers: ingestion of a singe 10 mg oral-dose of ALTACE resulted in 
undetectable amounts of ramipril and its metabedites in breast milk. However, because 
muttiple doses may produce low milk cencentrations that are not predictable from 
single doses, ALTACE should not be administered to nursing mothers. 


Geriatric Use: Of the total number of patients who rezeived ramipril in US clinical 
studies of ALTACE 11.0% were 85 and over while 0.2 %swere 75 and over. No overall 
differences in e'tectiveness or safely ware observed ‘between these patients and 
younger patients, and other reported clinical experience’has not identified differences 
in responses between the elderly and younger patients, but greater sensitivity of some 
older individuals cannot be ruled out 

One pharmacokinetic study conducted n hospitalized elderly patients indicated 
that peak ramiprtat levels and area under the plasma cancentration time curve (AUC) 
for ramipritat are higher in older patients. 
Padiatrie Use: Safety and eltectivaness in children ‘as not been established. 
ADVERSE REACTIONS: ALTACE hes been evalusted for safety in over 4.000 
patients with hypertension, of these. 1.238 patients were studied in US controlled 
trials, and 1,107 were studied in foreign coniro'ted trials. Almost 700 of these patients 
wore treated for at least one year, The everall incidence af reported adverse events was 
similat m ALTACE and placebo patients. Tre most frequent clinical side effects 


{possibly or probably related to stedy drug) reported by patients receiving ALTACE in 
US placedo-controlied trials were headache (5.4%), “deziness" 2.2%) and fatigue 
ar asthenia (2.0%), but only the last was more common n ALTACE patients than in 
patients given placebo, Generally, the side effectswere mald and vransient, and there 
‘was na relation to tetal dosage within the range of 1.25 te 20 mg. Discontinuation of 
therapy because of a side effect was required in appremumately 3% of US patients 
treated with ALTACE. The most semmon reasons tor discontinuation were: cough 
(7.0%). “dizziness” (0.5%), and smpotence {0 4%). 

The side effects considered possibly or probably related 30 study drug that 
occured in US placebo-controllad trials in more than °% of patients treated with 
ALTACE are shown below 


PATIENTS IN US PLACEBO-CONTROLLED STUDIES 





Altace Placebo 

(N= 651) {N = 2860 
L Lo A 
Headache 35 54 7 59 
“Dizzness” 14 22 9 34 
Asthenia (Fatigue) 13 20 2 07 
Nausea/ Vomiting 7 11 3 1.0 


in placebo-controlted trials, therewas also an excess of upper espiratory infection and 
fiu syndrome in the ramiprit group. As these studies were carried out before the 
relationship of cough to ACE mnibitors was recognized, some af these events may 
represent ramipril-induced cough. {na later t-ygar study, increased cough was seen 
in abnost 12% of ramipril patients, with about 4% of these patients requiring 
discontinuation of ireatment. Other adverse experiences ported in controlled clinical 
trials (in Jess than 1% of ramipril patients}. or rarer events seen in postmarketing 
experience. include the following (In some a causat relationship to drug use is 
uncertain}: 


Cardiovascular: Symptomatic hypotension (reported in 0.8% of patients in US trials} (see 
PRECAUTIONS and WARNINGS) syncope {not reported in US trials), angina pectoris, 
arrhythmia, chest pain, palpitations, myocardial infarction, and cerenrovascular events. 


Renal. Some hypertensive patients with no apparent pre-existing renal disease have 
developed minor, usually transient, increases in bloed urea nitrogen and serum 
cteatin:ne when taking ALTACE. particularly when ALTACE was given concomitantly 
with a diuretic. (See WARNINGS.) 


Anguoreurotic Edema: Angioneurotic edema nas been reported 1n 0.3% of patients in 
US clinical triats, (See WARNINGS. } 


Cough: A tickling, dry. persistent, nonproductive cough has been reported with the 
use of ACE inhibitors, Approximately 1% of patients treates with ALTACE have 
required discontinuation because of cough. The cough disappears shortly after 
discontinuation of treatment. (3ee PRECAUTIONS.) 


Gastrointestinal: Abdominal pain (sometimes with enzyme changes suggesting 
pancreatitis), anorexia, constipation, diarrhea, dry mouth, dyspepsia, dysphagia, 
Qastroanteritis, nausea, increased salivation taste disturbance and vomiting 


Dermatologic: Apparent hypersensitivity reactions (manitestec by dermatitis, pruri- 
tus, of tash, with or without fever), photosensitivity, aed purpura. 


Neuroiogic and Psychiatric: Anxiety, amnesia, convutsions, depression, hearing joss, 
insemnia, Nervousness, neuraigia, neuropathy. paresthesia, somnolence, tinnitus, 
tremor, vertigo, and vision disturbances. 


Fetal/Neonatal Morbidity and Mortality: See WARNINGS: Fetal/neonatal morbidity 
anc mortality. 


Other: arthralgia, arthritis, dyspnea, edema, epistaxis, impotence, increased sweating, 
maiaise, myaigia, and weight gain, 

Clinical Laboratory Test Findings: Creatinine and Blood Urea Nitrogen: Increases 
in creatinine levels occurred in 1 2% ol patients receiving ALTACE alone, and in 1.5% 
of patients receiving ALTACE and a diuretic Increases in bloc urea nitrogen levels 
occurred in 0.5% of patients receiving ALTACE alone and in 3% of patients receiving 
ALTACE with a diuretic. Nene of these increases required discontinuation of 
treatment. increases in these laboratory values are more likely te occur in patients with 
tenal insufficiency or those pretreated with a diuretic and, based on experience with 
other ACE inhibitors, would be expected to be especially likely in patients with renal 
artery stenosis, (See PRECAUTIONS and WARNINGE. ) 

Since ramipril decreases aldosterone secretion. elevation of serum potassium 
can occur. Potassium supplements and potassium sparing diuretics should be given 
with caution, and the patient's serum potassium should be moritored frequently. (See 
PRECAUTIONS and WARNINGS.) 


Hemoglobin and Hematocrit: Decreases in hemoglobia or hematocrit (a low value and 
4 decrease of 5 g/dl or 5% respectively} were rare, occurring in 0.4% of patients 
receiving ALTACE alone and ir 1.5% of patients receiving ALTACE plus a diuretic, No 
US patients discontinued treatment because of decreases in aemoglobin or hemat- 
oct 

Other (causal relationships enknown): Clinically importan: changes in standard 
laboratory tests were rarely associated with ALTACE acministrasion. Elevations of liver 
enzymes, serum bilirubin, uric acid, and blood glucose have deen reported, as have 
scattered incidents of teukopesia, eosinophilia, and proteinuria. in US trials, less than 
0.2% of patients discontinuedtreatment for faboratoryabnormalities. all of these were 
cases of proteinuria or abnormal liver-function tests 

OVERDOSAGE: Human overdoses of ramipril haveno! beer reported, but the most 
ecmmon manifestation of human ramipril overdosage is likely to be hypotension 
Because the hypotensive effect of ramipril is achieved through vasodilation and 
effective hypovelemia, it is rezsonable to treat ramipri overdose by infusion of normal 
saline solution 
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Variations in Expression and Treatment of 
Transient Neurocardiogenic Instability 


Otto G. Thilenius, MD, PhD, Karen J. Ryd, RN, and Janet Husayni, RN 


Whereas previous reports describe the head-up tilt 


test for the diagnosis of neurocardiogenic synco- 
pe, this study focuses on the events leading up to 
syncope. These events are part of a spectrum of 
neurocardiogenic instability; syncope is the ex- 
treme end point. This report is based on tilt stud- 
ies of 108 patients, aged 4 to 22 years (mean 13), 
with histories of either unexplained syncope or 
episodes of visual blackout without loss of con- 
sciousness. The tilt study was positive in 74% of 
the patients. Five stages of neurocardiogenic in- 
stability were identified, ranging from excessive 
fluctuations in heart rate to full syncope. Uncom- 
mon reactions during the tilt study include disso- 
ciation of hypotension, bradycardia and vagal 
symptoms and extended asystole (>6 seconds). 
Therapy with 6;-selective blockers was highly suc- 
cessful in suppressing symptoms of neurocardio- 
genic instability. Repeat tilt testing with 8 block- 
ade has resulted in either normal or markedly im- 
proved stability in heart rate and blood pressure. 
Neurocardiogenic instability is a common condi- 
tion occurring between age 10 and 20 years. It 
appears to be self-limited. 

(Am J Cardiol 1992;69:1193-1195) 


From The Heart Institute for Children, Palos Heights; and Christ 
Hospital and Medical Center, Oak Lawn, Illinois. Manuscript received 
November 1, 1991; revised manuscript received and accepted January 
13, 1992. 

Address for reprints: Otto G. Thilenius, MD, 2368 Gordon Drive, 
Flossmoor, Illinois 60422. 


tilt test for evaluation of neurocardiogenic synco- 

pe. All of these reports focus on syncope. There is 
scant information as to what precedes syncope. This pa- 
per describes events that lead up to syncope and which 
are part of a spectrum of neurocardiogenic instability. 
Syncope is merely an extreme expression of this spec- 
trum of symptoms. 


S ince 1989, numerous articles!~’ have promoted the 


METHODS 

Patients: During the past 3 years, we have studied 
108 children (67 girls and 41 boys, aged 4 to 22 years 
[mean age 13]). Of these, 104 had histories suggestive 
of neurocardiogenic instability. Recurrent syncope with 
episodes of presyncope in between was the most com- 
mon reason for referral (86 patients, including 15 with 
exercise-related syncope). Eighteen children were seen 
because of visual blackout episodes or lightheadedness 
without syncope; 12 had a family history of syncope. 
Four children had histories not suggestive of neurocar- 
diogenic instability (neurologic or psychiatric disorders 
in 3, hypoglycemia in 1 patient). 

All patients were evaluated by a pediatric cardiolo- 
gist and were free of heart disease. Three patients had a 
history of arrhythmia (1 child with atrial tachycardia 
and 2 with ectopic ventricular beats). Many of the chil- 
dren had electrocardiograms or echocardiograms; one 
third had neurologic evaluations. These studies were all 
normal. No patient was taking medication during the 
tilt evaluation. 

All patients were studied in the postabsorptive state. 
Our tilt protocol has been reported.’ A 3-lead electro- 
cardiogram (I,IJ,V,) was recorded continuously; cuff 
blood pressures were recorded every 2 minutes. The 
study was terminated when presyncope or syncope was 
observed or when a steady heart rate of 150 to 170 
beats/min was reached during isoproterenol infusion. 

Presyncope is defined as a decrease in heart rate or 
blood pressure, or both, associated with vagal symptoms 
such as sweating, nausea and paleness. Presyncope did 
not necessarily progress to full syncope (loss of con- 
sciousness). 


RESULTS 

Analysis of test responses revealed 5 stages of neuro- 
cardiogenic instability; these stages blend into each oth- 
er without sharp borders. During stage 1, the child dis- 
plays an excessive degree of fluctuations in heart rate 
(>20 beats/min); these cyclic changes are variable in 
frequency, begin with an increase in heart rate, with 
return to baseline rate within 10 to 20 seconds. During 
stage 2, sighing and yawning is added to this instability 
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in heart rate. The child feels “funny”; mild headache is 
often stated. During stage 3, presyncope gets more ap- 
parent; typical symptoms are hyperventilation, sensation 
of “can’t breathe,” sweating, feeling hot or cold, nausea, 
and the child is pale. Not all of these symptoms are seen 
in a given child. Stage 4 is complete presyncope with a 
decrease in blood pressure and heart rate, at times asso- 
ciated with loss of vision; muscle tone is still maintained. 
Stage 5 is full syncope with loss of consciousness, with 
profound bradycardia or asystole for several seconds. 
This sequence of symptoms may occur within 10 to 15 
seconds or may build up over 1 to 2 minutes. Some chil- 
dren experience only stages 1 and 2 (borderline tilt ré- 
sult), others proceed to stages 3, 4 or 5. Some children 
restabilize despite continued tilt. The bradycardia of 
stage 4 is frequently junctional; in one third of the pa- 
tients sinus bradycardia is observed. 

Uncommon events are (1) pronounced vagal symp- 
toms without a marked decrease in heart rate or blood 
pressure (1 child) — however, some decrease in heart 
rate to levels of 80 to 110 beats/min is always seen; (2) 
the decrease in heart rate and blood pressure during 
stage 4 are not necessarily linked — heart rate may de- 
crease with little change in blood pressure and vice 
versa (2 children each); (3) seizure activity during syn- 
cope (3 children), probably a function of the length of 
asystole; and (4) asystole lasting between 3 to 10 sec- 
onds (5 children). 

The recovery after return to the supine position is 
likewise variable: Full recovery may be very fast, within 
1 to 2 minutes, or may take 5 to 10 minutes with contin- 
ued nodal bradycardia. Most patients feel drained and 
washed-out after a positive tilt study. 

104 children of this group of 108 consecutive tilt 
studies were diagnosed to have neurocardiogenic synco- 
pe. Of these 104 patients, 13 tested normal, 14 had bor- 
derline test results (7 each stage | and stage 2) and 77 
patients had positive tilt study responses (stage 3, 15 
patients; stage 4, 47; stage 5, 15). Thus 74% of these 
patients had positive tilt study responses, i.e., they pro- 
gressed to stages 3 to 5. Thirteen percent of the children 
were borderline, i.e., their symptoms remained at stage 
1 or 2. In 40%, the positive responses could be induced 
by simple tilt, and in 60% isoproterenol was added to 
the upright tilt. All children had normal systolic blood 
pressure (108 + 10 mm Hg) and normal resting heart 
rates (70 + 12 beats/min). 

Depending on the severity of the history and the 
anxiety level of the family, patients were given medica- 
tion (68%, 56 girls and 15 boys). We began therapy 
with a 6)-selective blocker, atenolol, at a low dose (25 or 
50 mg/day). Depending on the child’s response this 
dose may have to be increased to 50 mg twice daily. 
Occasionally, metoprolol or nadolol may be more effec- 
tive than atenolol. All patients improved with therapy; 
with 3 exceptions syncope did not recur. Only 3 patients 
had adverse. effects. (lethargy, gastrointestinal symp- 
toms, headaches). Fifteen patients discontinued therapy 
after 6 to 18 months: only 1 of these had a relapse of 
syncope. 

Repeat tilt studies with 8 blockade were performed 
in 15 patients whose initial study results were strongly 





positive, Of these, 10 had completely normal tilt study 


responses, and 5 significantly improved; syncope was in- 


duced in only 2 patients with maximal challenge with 
isoproterenol. None of these patients had experienced 
syncope with optimal therapy, and a few had occasional 
episodes of transient dizziness. 


DISCUSSION 

A normal response to upright posture is a moderate 
increase in heart rate and blood pressure, mediated by a 
widespread activation of the sympathetic nervous sys- 
tem. Additional sympathetic stimulation by means of 
isoproterenol causes a significant additional increase in 
heart rate and, to a lesser extent, blood. pressure. How- 
ever, there is neither marked bradycardia nor hypoten- 
sion'®; sympathetic and parasympathetic impulses are 
regulated within a narrow band. This tight regulation is 
imperfect in neurocardiogenic instability. Neurocardio- 
genic instability is an exaggeration of normal neurocar- 
diogenic reflexes, an exaggeration of the normal sympa- 
thetic surges in heart rate and the vagal counter regula- 
tion. When the parasympathetic system overregulates, 
symptoms of neurocardiogenic instability appear. The 
decrease in left ventricular stroke volume (and its in- 
crease in left ventricular wall stress), thought by some 
to be the trigger for syncope,!'!-!5 may be only a by- 
product of hypotension/bradycardia. Bradycardia and 
hypotension are net necessarily linked phenomena: Al- 
though they occur simultaneously in the typical case, 
each one may occur, more or less, by itself. 

All normal children have fluctuations in heart rate 
superimposed on sinus arrhythmia; these fluctuations 
are <20 beats/min. Such fluctuations are not promi- 
nent in the supine position but become evident when the 
child is stressed by simple head-up tilt, without or with 
isoproterenol challenge. The smaller these fluctuations 
are, the more stable is the child’s circulatory control. In 
patients with neurocardiogenic instability these fluctua- 
tions in heart rate are more pronounced, especially dur- 
ing isoproterenol infusion, and exceed 20 or even 30 
beats/min. Neurocardiogenic instability is probably a 
common condition during teenage years. It occurs more 
frequently in girls than in boys (girls/boys, 1.6). Its 
symptomatic expression is highly variable among pa- 
tients and within the same patient from day to day. We 
were not able to detect a “typical” personality pattern 
that may indicate a propensity for neurocardiogenic in- 
stability. Although some of our children were excessive- 
ly apprehensive, most children took a very rational, 
common-sense approach to this test. There is frequently 
a family history of neurocardiogenic instability. 

In contrast to the common association of syncope 
and arrhythmia in adult patients,”!>-'® we have seen 
only | child with neurocardiogenic instability and a sig- 
nificant rhythm disturbance (undocumented supraven- 
tricular tachycardia). Therapy with low-dose 8 blockade 
has been very useful in suppressing symptoms of neuro- 
cardiogenic instability. We have preferred 6)-cardio- 
selective blockers; other investigators have used cloni- 
dine,!® disopyramide,'® scopolamine’ and fluorinated 
mineralocorticoids.4" Any evaluation of drug efficacy 
has to take the spontaneous fluctuations in neurocardio- 
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genic instability into account. “The duration of therapy ; 


cannot be predicted for a given child. 
Because most parents who seek pediatric i advi for 
syncope are informed and concerned parents, it is im- 


portant to explain the nature and transient character of 


this problem. We provide an information sheet for par- 
_ ent and child that has proved not only helpful, but also 
time-saving for all involved parties. 
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"Racial Differences i in Left \ entricular | 


- Structure in Healthy Young Adults — 


Alan L. Hinderliter, MD, Kathleen C. Light, PhD, and Park W. Wilis iV, MD 


Racial differences in cardiac structure and func- 
tion were evaluated in 62 black and 71 white 
healthy young adults. Left ventricular (LV) mass 
index, relative wall thickness, fractional shorten- 
ing, resting cardiac index and resting systemic 
vascular resistance index were estimated using M- 
mode echocardiography. Pulsed Doppler interro- 
gation of transmitral flow was used to character- 
ize LV filling. Average daytime blood pressure 
(BP) was determined by ambulatory monitoring 
during a typical work or school day. Ambulatory 
daytime BP averaged 127 + 12/80 + 7 mm Hg in 
black subjects, and 127 + 9/80 + 6 mm Hg in 
white subjects (p = not significant). The 2 groups 
were also similar in resting BP, age and gender 
composition. Relative wall thickness was signifi- 
cantly greater in black than in white subjects 
(0.37 + 0.06 vs 0.34 + 0.05; p <0.01), This dif- 
ference was found in both men and women. Black 
subjects also had a higher resting systemic vascu- 
lar resistance index (2,110 + 570 vs 1,920 + 500 
dynes - s+ cm5 « m?; p <0.05) and lower resting 
cardiac index (3.14 + 0.84 vs 3.46 + 0.85 
L/min/m?; p <0.05). There were no significant dif- 
ferences between black and white subjects in LV 
mass index, fractional shortening and normalized 
peak filling velocity. These results suggest that ra- 
cial differences in LV structure and systemic he- 
modynamics exist even in patients without sus- 
tained hypertension. In our study population, the 
greater relative wall thickness in black subjects 
was not accompanied by significant differences in 
LV systolic function or diastolic filling. 
(Am J Cardiol 1992;69:1196-1199) 
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prevalence of hypertensive heart disease in black 

subjects than in their white counterparts. In the 
Evans County study! and the Hypertension Detéction — 
and Follow-Up Program,’ electrocardiographic evidence 
of left ventricular (LV) hypertrophy was 2 to 4 times as 
likely in black as in white subjects with comparable lev- — 
els of blood pressure (BP). Several subsequent studies: 
using echocardiography to more precisely evaluate car- 
diac structure confirmed a greater propensity for black 
hypertensive patients to develop LV hypertrophy.* It is 
not clear whether these findings reflect racial differ- 
ences present at all levels of BP or represent differences 
in cardiac adaptation to established essential hyperten- 
sion. To further evaluate racial differences in LV struc- 
ture, we studied a group of healthy young adults with 
normal or marginally elevated BP. 


METHODS 

Subjects: The protocol was approved by the institu- 
tional committee on the protection of the rights of hu- 
man subjects, and written, informed consent was ob- 
tained from all subjects before participation. The study 
population of 133 volunteers was selected from 160 
adults between the ages of 18 and 47 years. No subject 
had a history of sustained hypertension or other chronic 
illness, or had received antihypertensive. medications. 
There were 29 black men, 33 black women, 36 white 
men and 35 white women in the study. All subjects - 
were either employed full-time outside the home (n = 
92) or were full-time students (n = 41). 

Of the 160 subjects who agreed to participate in 
the study, 27 were omitted from this analysis because 
of technically inadequate M-mode echocardiograms or 
Doppler studies of LV inflow, inability to complete the 
ambulatory BP monitoring session, or high BP noted on 
screening examination (diastolic BP >95 mm Hg, or 
systolic BP >160 mm Hg). 

The height and weight of each subject were méa- 
sured at the time of recruitment. Body surface area was: 
calculated by the formula of Dubois,’ and body mass 
index as: weight/height.* 

Echocardiographic and Doppler monniken: 
Echocardiograms and Doppler studies were performed 
with a Hewlett-Packard 77020 ultrasound imaging sys- 
tem equipped with a 2.5 MHz phased-array scanner. 
M-mode images of the left ventricle were obtained from 
the parasternal windows with the patient in the left lat- 
eral decubitus position. Pulsed-wave Doppler measure- 
ments of diastolic transmitral flow were recorded just - 
below the mitral annulus from the apical window. Trac- 
ings were recorded on strip chart paper at 100 mm/s. 

All studies were interpreted blindly by an experi- 
enced echocardiographer. The end-diastolic thicknesses 


fE permene o studies have demonstrated a greater 
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of the LV posterior wall and interventricular septum, 
and the dimensions of the left ventricle in end-diastole 
_and end-systole were measured on 23 cardiac cycles ac- 
cording to the recommendations of the American Soci- 
ety of Echocardiography. LV mass was estimated us- 
ing a corrected cube function model as described by 
‘Devereux et al’ and divided by body surface area to 
-yield LV mass index. Relative wall thickness was de- 
_ fined as twice the ratio of posterior wall thickness to LV 
end-diastolic dimension. Fractional shortening (an index 
‘of LV systolic performance) was calculated as the dif- 
ference between LV end-diastolic and end-systolic di- 
mensions divided by LV end-diastolic dimension. Cardi- 
ac index was determined using measurements of stroke 
volume derived from cube function estimates of end- 
diastolic and end-systolic LV volumes.’ Systemic vascu- 
lar resistance index was estimated by standard for- 
-tmulas using simultaneous cardiac index and BP mea- 
surements.’ LV filling was assessed using pulsed-wave 
Doppler to measure the peak velocity of diastolic filling 
‘normalized to mitral stroke volume, as previously de- 
scribed by Bowman et al.!° This index was calculated as 
the ratio of peak early diastolic flow velocity to the 
time-velocity integral of mitral inflow. 

Resting blood pressure measurements: Casual BP 
was determined during the screening examination by 
averaging 24 measurements obtained with the subject 
in the seated position, using the first and fifth phases of 
Korotkoff’s sounds. Resting supine BP was measured 

_ during echocardiography with an Accutorr monitor. Ini- 

_ tially, 23 simultaneous readings were obtained with the 
usual auscultatory technique to provide standardization. 

- Measurements were then automatically obtained every 
2.5 minutes as the ultrasound study was performed. BP 
readings during M-mode imaging of the left ventricle 
(generally performed after approximately 20 minutes of 
supine rest) were used to calculate systemic vascular re- 
sistance index. 

Ambulatory blood pressure measurements: Ambu- 
latory BP measurements were obtained with the Accu- 
tracker 103 monitor. Subjects were instrumented for 
ambulatory monitoring between 7 and 10 A.M. of a typi- 
cal work or school day. A minimum of 3 sitting and 3 

-standing readings were obtained concurrently with the 
‘Accutracker and by auscultation to provide standard- 
-ization with the usual clinical technique. Readings were 
then obtained 4 times an hour at unpredictable intervals 
(7 to 23 minutes apart). The device was removed by the 
patient at bedtime and returned to the laboratory on the 
following day. 
<=- BP records were inspected by an experienced observ- 
er to exclude artifactual readings, as recommended by 
Harshfield et al.!! Mean ambulatory systolic and dia- 
-stolic BPs were determined by averaging all acceptable 
measurements during the monitoring period. 
Assessment of physical activity: Routine exercise 
_ Patterns were assessed by questionnaire and converted 
into a numerical estimate of the weekly energy expendi- 
ture that was due to physical activity, as described pre- 
viously.'? Each subject was assigned a physical activity 
-seore of 0 (no reported regular aerobic activity), 1 (in- 
- frequent exercise) or 2 (regular exercise of sufficient 








TABLE | Clinical Features of the Study Population by Race | 














p 
Black White- Value 
Mean age (yr) 30+7 3126 NS 
Men/women 47%/53% 51%/49% NS 
Body surface area (m2) 1.90 + 0.21 1.84 +0.20 NS 
Body mass index (kg/m?) 26.1444 238236 <0.01 
Physical activity score 0.7 +08 12+08 <0.01 
Casual systolic blood pressure 118 +13 120 +13 NS 
(mm Hg) 
Casual diastolic blood pressure 74 4 10 7529 NS 
(mm He) 
Daytime systolic blood pressure 127 + 12 127 #9 NS 
(mm Hg) 
Daytime diastolic blood pressure 80 + 7 BO +46 NS 
(mm Hg) 
All values expressed as mean + SD. 
NS = not significant. 








frequency and intensity to result in cardiovascular con- 
ditioning). 

Analysis of data: Mean values and standard devi- 
ations for each analyzed variable were calculated for 
black and white subjects, and for men and women with- 
in each racial group. The significance of differences be- 
tween groups was tested by analysis of variance. Multi- 
ple linear regression techniques were used to assess the 
relation of LV relative wall thickness to race after ad- 
justment for related variables (i.e., body mass index and 
level of routine physical activity). ° 


RESULTS 

Clinical features: The mean age for the study popu- 
lation was 30 + 7 years. Casual systolic and diastolic 
BPs averaged 119 + 13 mm Hg (range 92 to 152) and . 
75 + 9 mm Hg (range 52 to 95), respectively; ambula- 
tory daytime systolic and diastolic BPs averaged 127 +Æ 
10 mm Hg (range 108 to 159) and 80 + 7 mm Hg 
(range 65 to 99), respectively. Clinical features of sub- 
jects in the 2 racial groups are listed in Table I. Black 
and white subjects were similar in age and gender. 
Black subjects were slightly more obese, as reflected by 
a greater body mass index, and were less likely to en- 
gage in regular physical activity. Mean casual and am- 
bulatory systolic and diastolic BPs were nearly identical 
in the 2 groups. 

Echocardiographic assessment of left ventricular 
structure and function: Significant racial differences in 
LV geometry were observed (Table I). Black subjects 
had a smaller LV end-diastolic dimension, and tended 
to have greater posterior wall and interventricular septal 
thicknesses than those of their white counterparts. As a 
result, black subjects had a significantly greater mean 
relative wall thickness, but there was no significant dif- 
ference between the groups in estimated LV mass index. - 
Indexes of LV contraction (fractional shortening) and 
diastolic filling (normalized peak filling velocity) were 
similar in the 2 groups. 

Although resting BP was similar 
in black and white subjects, there was a significant ra- 
cial difference in the hemodynamic profile (Table III). 
Black subjects tended to have a lower cardiac index and 
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. TABLE " Echocardiogephi and Doppler Measurements bi 


Race 











P 
; Black White Value 
‘Left ventricular mass index (g/ 84+ 18 86 +16 NS 
me). 
Left ventricular relative wall 0.37 + 0.06 0.34 +9.05 <0.01 
“thickness 
Left ventricular end-diastolic 4945 5145 <0,05 
“dimension (mm) | 
Posterior wall thickness (mm) 21+ 1.4 8741.2 NS 
interventricular septal thickness 9.3 + 1.4 8641.4 <0.05 
(mm) 
Left ventricular fractional short- 0.37 + 0.07 0.36 +0.05 NS 
ening 
teft ventricular normaiized peak 7.8 + 1.2 79413 NS 
“i filling velocity 
All values expressed as mean + SD. 
NS = not significant. 








higher systemic vascular resistance index than did 
whites. 

Further analyses: Racial differences in LV relative 
wall thickness were significant in both men and women 
(Table IV). Although the tendency of black subjects to 
have a higher systemic resistance index and lower cardi- 
ac index was observed in both genders, these differences 
did not uniformly achieve statistical significance. Great- 
et LV relative wall thickness in black subjects was also 
noted in both students and employed subjects. 

After adjustment for body mass index and activity 
score by multiple regression techniques, relative wall 
thickness continued to show a significant relation to 
race (p <0.01 after adjusting for body mass index; p 
<0.05 after adjusting for activity score). Thus, the ef- 
fects of race on LV structure were at least in part inde- 
pendent of associated differences in body size and level 
of routine physical activity. 


DISCUSSION 
LV hypertrophy is an independent risk factor for 
cardiovascular morbidity and mortality.!2-!5 Although 
ventricular afterload is an important determinant of 
structural. characteristics of the left ventricle, the corre- 
lations between BP and LV mass or relative wall thick- 


“TABLE Hl Resting Hemodynamics by Race 


$ 





: Black 





White. Value 
Resting supine systolic blood «= «114414 116412 NS 
pressure {mm Hg) eee 
Rasting supine diastolic blood 6129 67 x 10 NS” 


pressure (mm Hg) 
Cardiac index (L/mingm?) 
Systemie vascular resistance 
index (dynes +s -cm~5- m2) 


3.14 40.84 3.46 +085 Looe 
2,110 + 570 1,920 + 500. <0,05 





All values expressed as mean + SD. 
AS = not significant. 








ness are relatively weak. Whether expressed as casual. 
office determinations!*'® or parameters derived from 
ambulatory monitoring such as work pressure,!© pres- 
sure “load” or nighttime pressure,'* BP accounts. for 
less than half of the variance in LV mass. This may in 
part be explained by the potential influence of such fac- 
tors as demographic characteristics!2!? and neurohu- 
moral substances2°:2! on LV dimensions. 

Our study demonstrates that race is an important 
determinant of LV structure in healthy young subjects 
without established hypertension. In a cohort of black 
and white subjects who were closely matched for age, 
gender and BP, blacks had a significantly greater ratio 
of wall thickness to chamber dimension. This difference 
(foand in both men and women) was independent of 
body mass index and reported physical activity. LV sys- 
tolic performance (as assessed by fractional shortening) 
and diastolic filling (determined by Doppler measure- 
ment of transmitral flow) were similar in black and 
white subjects. Although levels of resting BP were near- 
ly identical, black subjects had a higher mean systemic 
vascular resistance index. 

Racial differences in LV structure in patients with 
established hypertension were described by previous in- 
vestigators. Dunn et al, in a comparison of black and 
white hypertensive patients matched for gender and BP, 
found a significantly greater average LV mass index in 
blacks. Hammond et al* evaluated 75 hypertensive pa- 
tients from a middle-aged working population in New 
York City and observed racial differences similar to 
those described in our study. Black and white hyperten- 








|TABLE IV Clinical eatures, Echocardiographic Measurements and Resting Hemodynamics by Race in Men and Women 





























Men Women 
Variables Black (n =:29) White(n = 36) pValue Biack{n = 33) White (n = 35) <p Value 
Agetyr) 3bs'9 3127 NS 3046 30 £6 NS 
Body mass index (kg/m?) 26.3429 24.2424 <0.05 25.9% 4.9 23.4 * 4.6 <0.05 
Daytime systolic blood pressure (mm Hg) 133 2 11 129 +7 NS 122 + 10 124 + 10 NS 
Daytime. diastolic blood pressure (mm Hg) B4+€ B2+5 NS 77 «£6 7947 NS 
Left ventricular mass index (g/m2) 96 + I7 92% 14 NS 73212 79 £ 16 NS. 
Left ventricular relative wail thickness 0.382006 0344006 <0.05 0374006 G34 £0.04 0.05. 
Left ventricular fractional shortening 0.36 + €.08 0.36 + 0.06 NS 0.37 © 0.06 6.36 £ 0,04 ‘NS 
< Leftventricular normalized peak filling velocity 74% 12 7812 NS 80211 TE 18 NS 
Cardiac index (L/mingm?) 3.34 + C.88 358+ 0.77 NS 2097-E 0.76 3.322 09r NS: 
Systemic vascul är resistance index idynes -s-cm7>- mê) 2,0804 890 1,810 +400: <005 i 











Alt values are expressed as mean £80) 
A = hot signitan: : ; 








2,140 £570 2,020 +580 
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sive patients were similar in age, BP and LV mass; how- 
ever, blacks had a significantly greater mean relative 
wall thickness. A similar trend was noted in normoten- 
|. sive subjects from the same population, although the 
differences did not achieve statistical significance. 

Our data suggest that the greater propensity of hy- 
pertensive black patients to develop concentric LV hy- 
|. pertrophy does not represent simply a difference in the 

- cardiac adaptation to high levels of BP, but reflects a 
difference between the races that can be observed even 
in young, normotensive subjects. The etiology of this ra- 
cial difference in LV geometry is uncertain. Our finding 
that black and white subjects have different hemody- 
namic profiles is consistent with several previous re- 
ports*22 and suggests that differences in cardiac struc- 
ture may be a consequence of vascular properties that 
result in a higher peripheral resistance in blacks. Alter- 
natively, racial differences in diurnal BP variation or BP 
responses to stress may be important determinants of 
` LV structure. Harshfield et al” found a greater noctur- 
nal decrease in BP in white adolescent boys than in age- 
matched black subjects, a phenomenon that may pro- 
tect against the development of LV hypertrophy.!® A 
number of investigators noted an exaggerated cardio- 
vascular reactivity in black subjects in response to either 
behavioral?+-?6 or physical?’?8 stressors. Although the 
pathophysiologic significance of this greater BP reactiv- 
ity in normotensive black subjects is uncertain, animal 
studies suggest that repeated pressor episodes may stim- 
-ulate adaptive structural changes in the left ventricle, 
even in the absence of sustained hypertension.” 

* “Although a clear racial difference in LV structure 
was noted in our subjects, no associated differences in 
ventricular function were apparent. Both fractional 
shortening (an ejection phase index of systolic function) 
and normalized peak filling velocity (a Doppler index of 
diastolic filling) were similar in black and white sub- 
jects. However, the pattern of increased relative wall 
thickness noted in black subjects may be deleterious. In 


a large cohort of hypertensive subjects followed by 
Koren et al, those with an increased relative wall 
-thickness had a high risk of cardiovascular events, even 


if the calculated LV mass was normal. Thus, structural 


characteristics of the left ventricle may contribute to the 


greater morbidity and mortality from cardiovascular 
disease observed in the black population. 
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The effects on cardiac structure and function of 
antihypertensive regimens with different effects 
on the renin-angiotensin system were compared. 
In a 1-year study, 32 patients with essential hy- 
pertension were randomized to treatment with ei- 
ther the converting enzyme inhibitor lisinopril or 
the calcium antagonist isradipine; hydrochlorothi- 
azide could be added. Blood pressure (BP) de- 
creased significantly (p <0.001) and similarly in 
the 2 treatment groups. Left ventricular (LV) mass 
was already significantly reduced after 16 weeks 
of treatment (p <0.001) and remained decreased 
thereafter, with no difference in the response to 
the 2 treatment regimens. The change in LV mass 
was related to the decrease in systolic BP for the 

_ total study group (p <0.001) and for each treat- 
‘ment group separately. During the 3-week run-out 
period on placebo, BP and LV mass increased 
again (p <0.01). Afterload decreased during ac- 
tive treatment (p <0.001), and fractional shorten- 
ing of the LV internal diameter was significantly 
increased (p <0.01) to a similar extent in both 
groups. The ratio of peak mitral flow velocities 
during atrial contraction and early filling was re- 
duced after 1 year of active treatment in the total 
study group (p <0.01); this change was similar in 
both groups. 

The data suggest that the regression of LV 
mass during antihypertensive therapy is mainly 
related to the decrease in systolic BP. 

(Am J Cardiol 1992;69:1200-1206) 
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ypertension can lead to the development of 

left ventricular (LV) hypertrophy.’ LV systolic 

function is usually normal,'? whereas abnor- 
malities in diastolic function appear to occur early in 
hypertension. + LV hypertrophy is associated with an 
increased incidence of.cardiovascular complications, in- 
dependent of the increase in blood pressure (BP).° 
Therefore, reversion of these cardiac structural changes 
may improve diastolic function and the prognosis of the 
hypertensive patient. Furthermore, based on in vitro tis- 
sue culture studies, angiotensin I] was proposed. as a 
trophic factor in the development of LV hypertrophy in 
hypertensive patients. To elucidate the importance of 
the renin-angiotersin system in LV hypertrophy in es- 
sential hypertension, comparison of the regression of LV 
mass by a drug that suppresses angiotensin II genera- 
tion and by a drug that has little influence on the angio- 
tensin II level may be useful. Therefore, we performed a 
l-year follow-up study in which hypertensive patients 
were randomized to treatment with either the convert- 
ing enzyme inhibitor lisinopril or the calcium antagonist 
isradipine. Cardiac structure, and systolic and diastolic 
functions were investigated by use of imaging echocar- 
diography and Doppler velocimetry in the LV inflow 
and outflow tracts. 


METHODS 

Patients: Patients with essential hypertension, aged 
218 years, and in World Health Organization stages I 
and [I were eligible for the study. Patients with any dis- 
ease that could interfere with the study protocol were 
excluded, as well as women when pregnant, lactating, 
seeking pregnancy or receiving oral contraceptives. 

Treatment protocol: Patients with a good quality. — 
echocardiogram entered a 4-week run-in period during | 
which they received 1 placebo tablet each morning. 
They were examined after 2 and 4 weeks, but this peri- 
od could be shortened when hypertension was ‘severe. 
Patients who met the BP criteria on the final day of 
placebo treatment (supine diastolic BP >95 mm Hg or 
systolic BP >145 mm Hg, or both) were randomized to. 
the isradipine or lisinopril treatment group after stratifi- 
cation for diastolic BP (<95 and 295 mm Hg) and LV 


mass (<3 and 23 g/kg of body weight). Subsequent 


visits were scheduled after 4, 8, 16, 24, 38 and 52 weeks. 
Active treatment was followed by a placebo run-out pe- 
riod of 3 weeks. Treatment with lisinopril began with 10- 
mg once daily, the initial dose of isradipine was 2 X 
1.25 mg/day in 10 patients, which was increased to2 x 
2.5 mg/day m= 6) curing t the ų course of the ree The ; 
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due of ich drug sould be doubled ` at each visit to a 
maximum of 40 mg/day of lisinopril or 2 X 5 mg/day 
of isradipine, if diastolic BP was >90.mm Hg or if sys- 
tolic BP was >140 mm Hg. At week 16, hydrochloro- 
thiazide. (25 mg/day) could be added if diastolic BP 
was >100 mm Hg. BP measurements and echocardiog- 
Taphy were performed by 1 blinded observer. Adjust- 
ments of drug treatment were based on BP measured by 
the observer, taking side-effects into account. 

Of the randomized patients, half had not been treat- 
ed with antihypertensive drugs. Previous medication 
had been stopped for an average of 10.1 weeks in 9 isra- 
dipine-treated patients and for 11.6 weeks in 7 lisino- 
pril-treated patients. 

- Methods: All measurements were performed in the 
morning after the patients received their last medication 
at home. A clinical examination (including measure- 
ment of body height) was performed initially; at each 
visit, body weight was measured, and a standard 12- 
lead electrocardiogram was obtained. After 10 minutes 
of recumbency in a quiet room, systolic and diastolic 
BP, and heart rate were measured 5 times by use of an 
automatic device (Dinamap® 845, Applied Medical Re- 
search Corporation, Tampa, Florida 33607), with 2- 
minute intervals between the measurements. Recum- 
bent BP was then measured 5 times by 1 investigator 
using a mercury sphygmomanometer (Korotkoff phase 
V for diastolic BP). Pulse rate was measured by palpa- 
tion of the radial pulse for 30 seconds. The patient then 

-assumed the standing position for 1 minute, after which 

¿BP was measured 3 times and pulse rate for 30 seconds. 

ECHOCARDIOGRAPHY: M-mode echocardiography 
with bidimensional guidance was performed using a 3.5 
MHz transducer and an Ultra-Imager (Honeywell Inc., 
‘Denver, Colorado) with photographic registration at a 
paper speed of 100 mm/s. Measurements were per- 
formed at end-expiration. LV inflow Doppler echocardi- 
ography was performed with a 3.5 MHz transducer, vi- 
sualizing the apical 4-chamber view. Aortic Doppler 
flow measurements were obtained from the suprasternal 
notch, using a 2.25 MHz transducer with a special de- 

sign for easy access to the suprasternal notch. The de- 

-tails were previously reported.’ 

ANALYSIS OF ECHOCARDIOGRAPHIC DATA: The echocar- 
diographic tracings of each subject were randomized 
and coded: After agreement on the reading of the trac- 
ings by 2 blinded observers, they were processed by | 
observer using a Houston Instrument HIPAD digitizer 
tablet connected to a personal computer. On each trac- 
ing, 3 to 5 heart beats were analyzed, and values were 

averaged. Measurements on the echocardiograms (i.e., 

CLV wall thickness and internal diameter) were per- 
formed according to the recommendations of the Amer- 

-ican Society of Echocardiography.® LV total diameter, 
“mean and relative wall thicknesses, LV mass, fractional 

_ shortening and end-systolic LV meridional wall stress 

were calculated; the details of the analysis were previ- 

ously described.? LV peak inflow velocity in the early 

(E) rapid filling and late (A) atrial contraction phases, 

and the surface area under the Doppler curves were 

measured: The ratios of late/early diastolic peak flow 
velocity and late/early surface area were calculated. 











Peak aortic flow velocity and the area. under. the flow 
velocity curve or stroke distance were measured. Minute 
distance was calculated as stroke distance times heart 
rate. Linear resistance was calculated as mean BP/min- 
ute distance, representing the Doppler index of systemic 
vascular resistance!®; mean BP was calculated as: [(sys- 
tolic — diastolic BP)/3] + diastolic BP. 

Biochemical measurements: Plasma angiotensin- 
converting enzyme activity was measured spectrophoto- 
metrically, as previously described.!! Plasma renin ac- 
tivity was measured by radioimmunoassay, according to 
the method of Fyhrquist and Puutula.'? Plasma norepi- 
nephrine was determined by high-performance liquid 
chromatography with electrochemical detection.!? Uri- 
nary sodium concentration was measured with 24-hour 
urine collections by use of a Technicon SMA12 appara- 
tus; 24-hour urinary sodium excretions were calculated. 

Statistical analysis: Data are reported as arith- 
metic mean + SD or SE. The distributions of plasma 
renin activity and plasma norepinephrine were positively 
skewed. To normalize the distribution, plasma renin ac- 
tivity and plasma norepinephrine values were trans- 
formed to their logarithms. For these variables, geomet- 
ric means and ranges are reported. Differences between 
treatment groups at randomization were tested by an 
unpaired Student’s ¢ test. The effects of antihyperten- 
sive treatment (and placebo in the run-out period) were 
tested by use of repeated measures analysis of variance. 
At each visit, the effect of treatment was compared with 
the results during the placebo period for the total study 
group. Between-group differences at each visit were 
compared with those differences at randomization 
by use of the contrast transformation. Furthermore, 
changes during active treatment were tested by compar- 
ing the averages of the 2 run-in visits with those of the 
data at 8 and 16 weeks (monotherapy), and at 38 and 
52 weeks (end of active treatment). The latter data 
were used in regression analysis.'+!> Differences in 
slopes between the 2 treatment groups were tested by _ 
use of a t test.!6 The 5% significance level was accepted 
as the criterion for statistical significance. 

Reproducibility of the measurements: Reproducibil- 
ity of the measurements was tested by comparison of 
the data obtained after 2 and 4 weeks of placebo treat- 
ment before randomization of the patients. The absolute 
and percent (absolute difference X 100/average of 2 
measurements) within-patient differences of the repeat- 
ed measurements were calculated. A 5 to 6% within- 
patient difference was found for systolic and diastolic 
BP measurements. The percent within-patient differ- 
ences averaged 3 to 6% for LV structural measurements 
at end-diastole, 11% for fractional shortening of the LV 
internal diameter, 9% for stroke distance, and 7 to. 13% 
for LV inflow characteristics. No systematic differences 
were observed. 


RESULTS 
Patients: Forty-one patients with essential hyperten- 
sion entered the placebo run-in period. At the end of the > 
run-in period BP was normal in 5 patients, and 4 did 
not comply with the protocol. Of the 32 randomized 
_ patients (whose characteristics are fisted i in Table 1), 29 
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1 TABLE 1 Patient Characteristics at Randomi zation. 











"Lisinopril Group | 





i : “flow at bs. {n} 
p Men/women (n) 
ob Age-tyr) 


‘Body mass index (kg/m?) 
Supine BP (mm Hg) 
Standing BP imm Hg) 


Serum creatinine (mg/d!) 





Supine heart rate (beats/min) 


Urinary sodium excretion (mmol/24 hours) 
Previous antihypertensive treatment (yes/no; n} 
Angiotensin-converting enzyme activity (U/mi) 
Plasma renin activity (ng/mt/hour) 

Plasma norepinephrine (ng/ml) 


feradipine Sioun ‘ 
16. Bee 
oyF 10/6 
4427 38410" 
24.9 + 2.6 26.1 43.6 


160 = 17/101 + 11 
155 = 19/105 + 12 
7129 
C.98 + 0.20 
95% 41 
9/7 
34 & l1 
0.48 (0.01-3.36) 
0.31 (0.18-0.56) 


159 £ 21/104 + 14 
LEL £ 22/112 + J4 
IIi 
1.04 + 0.22 
82% 42 
7719 
264 13 
1.04 (0.06-4.06) 
0.32 (0.12-0.52) 








There were no significant differences between the groups (p > 0.05). Dataaré mean + SD or geometric mean and range. 
BP = blood pressure. 





completed the 1-year treatment period. In the isradipine 
group, 1 patient did not continue after randomization. 
In the lisinopril group, 1 subject was withdrawn after 4 
weeks, because of hypotension on a low dose (5 mg) of 
the drug. These 2 patients were not considered in the 
analyses. Another patient in the lisinopril group refused 
further participation after 4 months of active treatment. 

Treatment: The average daily dose of isradipine was 
3.3 £ 1.2 mg at week 4, 5.7 + 2.4 mg at week 8, and 
approximately 7.2 + 3 mg from week 16 on, when hy- 
drochlorothiazide (25 mg/day) was added in 8 patients. 
The dose of lisinopril averaged 9.7 + 1.3 mg at week 4, 
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14.3 + 5.6 at week 8, and between 19.7 + 11.7 and 23.6 
+ 13.9 mg from week 16 on; a diuretic was added in 1 
patient at week 16 and in another at week 24. 
Changes during active treatment: Body weight did 
not change significantly during 1-year follow-up. 
BLOOD PRESSURE AND LEFT VENTRICULAR OUTFLOW 
CHARACTERISTICS: Systolic and diastolic BP decreased 
significantly during antihypertensive treatment (p 
<0,001). The response differed between the 2 treatment 
groups at the beginning of the active treatment period, 
but was similar in the latter half of the study, except for 
a small difference in diastolic BP measured by the ob- 
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tetp 
<0.05, = p <0:01 and A p <0.001 forthe 
ditterence between the 2 treatment regi- 
mens versus that at week 0. 














‘TABLE Il Blood Pressure and Hemodynamic Characteristics Before and During 
Antihypertensive Treatment 





During Active 


Run-ln Treatment Fi Fe 





Systolic/diaštolic 


BP (imm Hg) 

E E 21 EE 

te ee 
Heart rate (beats/min) ! a : > A i a 0.07 0.06 
Stroke distance (cm) : ae : ak F ii R 5,524 0.34 
Minute distance (m/min) : ee : a oe Ess 3,16 0.11 
omen, | eee ETE aso 
No. of pts. i 15 15 

L 15 14 








[Wp 30.001; tp 30.05. 


Data are mean SD. 

BP = blood’ pressure; During Active Treatment = average of results at 38 and 52 weeks of active treatment; Fe 
between-group differences in treatment effect; Ft = overall effect of treatment; 4 = isradipine-based treatment group; L = 
lisinopril-based treatment group; Run-In'= average of results at 2 and. 4 weeks of pi placebo treatment. 
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Antihypertensive Treatment 


TABLE II! Left Ventricular Structural and Functional Characteristics Before and During 











LV mass (g). 


Septal wall thickness, end-diastole (mm) 
Posteride wali thickness; end-diastole (mm) 
internal diameter, end-diastole (mm) 
Relative wall thickness 

Fractional shortening (%) | 
Wail stress (mm Hg) 


No. of pts. I 





During Active 
Run-in Treatment Ft Fe 
221.9% 62.8 203.0 + 57.5 
231a+628 21012604 148% 009 | 
13822.10 12.2% 2.3% 
1384363 1302293 5l" 074 
1234235 11.8+2.20 
1222268 ll5218 372 | 0.00 
4384472 44.64.12 
4574436 4532438 O47, 383 
0.60 +0.11 0.53+0.10 : 
0.584016 055012 1726" 118 
36.6+4.60 39.5 + 7.00 
3342564 37.0563 AST 004 
56.9 20.9 465+ 15. $ 
627191 509131 1837% 026 
15 15 
15 14 





*p £0,001; tp «0.01. 
LY = left ventricular; other abbreviations as in Table 














„server (Figure 1 and Table II). The increase in stroke 
distance was already significant after 8 weeks of treat- 
‘ment (p <0.01). The decrease in linear resistance was 
“igmilicant from 4 weeks of treatment on (p <0.01). 

-LEFT VENTRICULAR STRUCTURE: The overall change in 
mass was significant after 16 weeks of active treat- 
nt (p <0.001) (Figure 1 and Table III). During this 
iod of monotherapy, the decrease in LV mass was 
-related to that in systolic BP (r = 0.67, p <0.001). Af- 
ter the full active treatment period, LV mass had de- 
creased on average by 20.0 + 27.4 g (p <0.001) and 
ic BP by 20 + 15 mm Hg (p <0.001), without 
icant difference between the 2 treatment groups. 













o that in systolic BP (Figure 2). The slope of 
8 ie 


total study group, the change in LV. mass was. 


elation was 1.01 for the isradipine (p = 0.01) and 
the lisinopril t <0. gE) groups; the. differ- 


ence between these slopes was not significant (t = 1.68, 
p = 0.10). ; 
LEFT VENTRICULAR SYSTOLIC FUNCTION: From 4 weeks 
of treatment on, the increase in fractional shortening (p 
<0.05), and decrease in wall stress (p <0.01) were sig- 
nificant. 
LEFT VENTRICULAR DIASTOLIC FUNCTION (TABLE IV): Af- 
ter the 16-week period of monotherapy, the A/E ratio 
calculated from the area under the Doppler curves de- 
creased significantly (p <0.05) without difference be- 
tween the treatment groups. The decrease was already __ 
evident after 4 weeks (p <0.01). After 1 year, changes 
in the A/ E ratio were not significantly relate 
decrease in BP or to the decrease in LV ma: 
tion in the A/E ratio was mainly due to an 
the early diastolic inflow velocity and was 
= groups. 
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TABLE IV Left Ventiu lar Inflow Characters S Befo g 














— an aie 





Treatment = Ft 








| Ranih 

= A pY (cm/s) | 47 + 6.6 
i L 4273 
| A area tem) | 4.3 £0.67 
| L 3.8 + 0.80 
E pV (em/s) | 55 + 12 
i L 6511 
| Earea fem) l 7.2 £179 
i L 7.7 £118 
| AEW | 0.89 £0.19 
i L 0.79 + 0.27 
| AlE area i 0.63 +0.16 
i L 0.50 + 0,13 
| No: of pts. I 15 

L 15 


46t 6.5 
42 t 9.6 
4.1 + 0.83 
3,7 + 0.96 
57411 
6047 
7.7 & 2.08 
8.14 1.36 
0.83 + 0.17 
G71+4018 
0.55 + 0.13 
0.47 + 0.18 
15 
14 





0.13 







5.38* 






§.22* 






5,76* 






7.70t 0.63 












| ae <0.05: tp <0.01, 
l other abbreviations as in Table Hl. 


atrial contraction phase; area = surface area under Doppler flow curve; E = early filing phase: pV = peak flow velocity; 











BIOCHEMICAL DATA: At each visit on active treatment, 


plasma angiotensin-converting enzyme activity was sig- 


nificantly lower in the lisinopril than in the isradipine 
group (0.0001 <p <0.01). After 1 year, angiotensin- 
<- converting enzyme activity remained unchanged (—1%) 
in the isradipine group and was reduced by 63% (p 


<0.001) in the lisinopril group. The plasma norepineph- — 


_ Tine level remained unchanged in each treatment group. 
Changes during the three-week run-out period on 
i placebo: Systolic and diastolic BP increased by 10 (p 
<0) and 13% (p <0.001), respectively, when active 


© ISRADIPINE, n=15 
© LISINOPRIL, n=14 


Y=8.35 + 1.38X 
r=0.76, p<0.004 


dSBP (mmHg) 
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treatment was replaced by placebo treatment (Table V, 
Figure 1). The overall 15 mm Hg increase in systolic 
BP was associated with a 13 g increase in LV mass (p 
<0€.01). LV mass was not different from the pretreat- 
ment level in the lisinopril group, but was still signifi- 
cantly lower in the isradipine group (p <0.05). 


` DISCUSSION. 


The present study indicates that the decrease of LV 
mass in patients with essential hypertension is similar in 
those treated with either Top or isradipine (supple- 


dLVM (g) 
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TABLE V Blood Pressure, and Left Ventricular Structural, Functional and Inflow 
< Characteristi¢s.at the End of the One-Year Antihypertensive Treatment Period and During 
‘the Placebo Run-Out Period 
a : | 
i End of Active 
Treatment Run-Out Fs Fe 
oe BP (mm 144 + 20/92 + 12 149 + 12/96 + 8 40.8*/45.6* 4.851/9.894 
L 139 + 15/86 + 11 158 + 19/101 + 10 
LV structure ard function 
Mean wall thickness, end- 11.8 + 2.0 12.1 + 2.0 i 
diastole (mm) L 12.2% 24 12.6 + 2.8 5.60} 0.48 
internal diameter, end- 45 + 4.2 44453 
diastole (mm) L 45 £46 46 © 4.2 182 pse 
LV mass (g) 200 + 59 207 « 57 
L 209+ 63 228 + 73 9.993 117 
Fractional shortening (%) 40 + 7.2 3747.3 
L 37 + 5.8 36+ 5.9 4.26f 1.61 
Wall stress (mm Hg) 45 +16 53 + 19 
Lo 5l81l4 60 + 16 R73 906 
LV inflow 
A/E pV | 0.84 + 0.17 0.90 + 0.23 
L 0700.18 0.74 + 0.24 hea 0.05 
A/E area 0.57 + 0.13 0.59 + 0.15 
L 047019 0.46 + 0.16 oe GS 
No. of pts. l 14 14 
L 13 13 
*p <0.001; tp £0.08; tp <0.01. 
Data are mean #.SD. 
End of Active Treatment = rasults at 52 weeks active treatment; Fs = overall effect of stopping of active treatment; 
Run-out « results at 3-weeks placebo treatment; other abbreviations as in Tables {I to IV. | 





mented with a diuretic, if necessary). The hypotensive 
effects of both regimens were comparable 2 and based on 
uction in systemic vascular resistance. Minute dis- 
tance in the ascending aorta (Doppler index of cardiac 
output) remained unchanged throughout the treatment 
period. 
“During monotherapy and at the end of the active 
treatment period, the change in LV mass from the ini- 
tial control value was'significantly related to that in BP; 
furthermore, the slope of the relations between changes 
-in LV mass and BP was not significantly different in the 
2 treatment groups. These findings suggest that the re- 
-duction in BP is a major determinant of the regression 
-of LV mass and that the mechanisms by which BP is 
lowered with these treatment regimens may be of less 
importance. It has been suggested that angiotensin-con- 
_verting enzyme inhibitors are particularly effective in 
‘reducing LV mass, because angiotensin IT is thought to 
be involved in the development of LV hypertrophy.!7.!8 
~ There:is.no doubt that angiotensin H can indeed be a 
_ growth factor® triggering protein synthesis. However, it 
should be recognized that at least the plasma renin an- 
S giotensin system is on average not stimulated in essen- 
ti 1 hypertension. 19 Therefore, it is not surprising that 
the reduction in LV mass is similar whether or not the 
E angiotensin I generation is suppressed. Diuretics were 
_ more often prescribed in isradipine-treated patients, but 
this could only have increased differences in the renin- 
ngiotensin system activity between the 2 groups.”°?! It 
difficult to reach an unequivocal conclusion from this 
_ study on the role of the renin-angiotensin system in LV 

























in-converting enzyme inhibition has been shown to 


trophy, because the activity of the tissue renin-an-— 
_ gk ensin system could not be assessed. However, angio- 


decrease the cardiac tissue angiotensin II.?? It is note- 
worthy that a 3-week interruption of active treatment 
led to a significant. increase in LV mass. This increase 
was more pronounced in the lisinopril- than isradipine- 
treated patients, which coincides with the steeper in- 
crease of BP in the lisinopril group. Other investigators 
reported a decrease in LV mass during chronic treat- 
ment with an angiotensin-converting enzyme inhibi- 
tor!8.23-25 or calcium-antagonist?!6 in patients with €s- 
sential hypertension, and a significant increase in. LV 
mass was reported’ after treatment with perindopril 
had been interrupted for 4 weeks. 

It is generally accepted that LV systolic function is 
not (or only minimally) affected in moderate essential 
hypertension.! However, the present long-term antihy- 
pertensive treatment was associated with a small but 
significant increase in fractional shortening of the LV 
internal diameter. This is most likely due to the reduc- 
tion in LV wall stress and does not necessarily imply an 
improved intrinsic contractility. Similar data were re- 
ported in black hypertensive patients treated with isra- 
dipine.”* 

LV diastolic function as assessed by LV Doppler ve- 
locimetry is impaired in hypertension.?~* It is not clear 
whether this is predominantly related to the increased 
BP or LV mass.?’8 Shahi et al? could not show a 
change of diastolic function (as assessed by Doppler ve- 
locimetry) after 9 to 18 months of treatment with cap- 
topril. In contrast, we observed a significant reduction 
in the Doppler-derived A/E ratio after 4 weeks of treat- 


ment when BP (but not LV mass) was signifi cantly low- 
er than during the run-in period, suggesting that BP or 
_ related factors are at least partly involved. Correlation 
aise did not allow further ‘conclusions. 
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COVE HEART FAILURE 





_ Characteristics of Peak Aerobic Capacity in 
_ Symptomatic and Asymptomatic Subjects with 
Left Ventricular Dysfunction 


Chang-seng Liang, MD, PhD, Douglas K. Stewart, MD, Thierry H. LeJemtel, MD, 
Philip C. Kirlin, MD, Kevin M. Mcintyre, MD, H. Thomas Robertson, MD, 
Robert Brown, MD, Andrea W. Moore, Karen L. Wellington, Linda Cahill, 
Marie Galvao, Patricia A. Woods, Carlos Garces, and Peter Held, MD, 
for the Studies of Left Ventricular Dysfunction (SOLVD) Investigators 





Expired gas analysis was used to determine the 
aerobic exercise performance of subjects with de- 
pressed left ventricular (LV) systolic function and 
congestive heart failure (CHF). To determine 
whether subjects with no or minimal CHF have 
better aerobic exercise performance than do those 
with overt CHF, oxygen consumption (VO) at an- 
aerobic threshold (AT) and peak exercise was 
measured in 184 subjects with LV ejection frac- 
tion <0.35 who participated in the Studies of Left 
Ventricular Dysfunction. Subjects were divided 
into those with overt CHF needing treatment 
(treatment trial; n = 20) and those who had neither 
overt CHF nor treatment for CHF (prevention trial; 
‘n= 164). Treatment trial subjects had a lower LV 
ejection fraction (0.25 + 0.07) than did prevention 
trial ones (0.29 + 0.05; p = 0.001), but there were 
no differences in age, gender, body weight, rest- 
ing heart rate and blood pressure. Treadmill exer- 
cise testing was performed after 2 to 3 weeks of 
placebo (no angiotensin-converting enzyme inhibi- 
tor) treatment. Treatment trial subjects exercised 
for a shorter time (493 + 160 seconds) and at- 
tained a lower peak VO2 (13 + 4 ml/kg/min) and 
‘VO; at AT (11 + 4 ml/kg/min) than did prevention 
trial ones (842 + 277 seconds, and 20 + 6 and 16 
+ 5 ml/kg/min, respectively). Analysis of covari- 
vance showed that the differences in peak VO2 and 
VO2 at AT were statistically significant between 
-the 2 trials after adjusting for age, gender, LV 
ejection fraction and New York Heart Association 
functional class. In contrast, there was no correla- 
tion between the expired gas measurements and 
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LV ejection fraction or New York Heart Associa- 
tion classification after adjusting for other fac- 
tors. Thus, it is concluded that of subjects with 
reduced LV ejection fraction, those with no or 
minimal CHF have higher aerobic exercise perfor- 
mance than do those with overt CHF, and this dif- 
ference cannot be explained by gender, age, LV 
ejection fraction or New York Heart Association 
functional class. 

(Am J Cardiol 1992;69:1207-1211) 


graded exercise, and determination of peak 

oxygen consumption (peak VO.) have greatly 
advanced our knowledge of the cardiopulmonary and 
metabolic responses to maximal exercise in normal sub- 
jects.'? Such measurements have also been used to 
assess the functional capacity of subjects with conges- 
tive heart failure (CHF) in single center studies.>* 
However, whether measurements of respiratory gas €x- 
change are equally helpful in determining the functional 
status of a large number of subjects enrolled in a broad 
clinical trial has yet to be validated. 

The Studies of Left Ventricular Dysfunction 
(SOLVD) of the converting enzyme inhibitor enalapril 
included 2 different populations with CHF.’ The treat- 
ment trial included subjects with left ventricular (LV) 
ejection fraction £0.35 and symptoms needing specific 
therapy for CHF. Enalapril reduced the mortality and 
hospitalization rates in these patients. The prevention 
trial included subjects with LV ejection fraction £0.35, 
but with no or minimal symptoms, as defined by the 
absence of specific therapy for CHF. To study whether 
peak exercise oxygen performance was greater in sub- 
jects with no or minimal symptoms than in those treated 
for symptoms of CHF, 5 SOLVD clinical centers sys- 
tematically measured peak aerobic capacity using ex- 
pired gas analyses”? before randomization to enalapril 
or placebo. 


Nees measurements of expired gas during 


METHODS 

Subjects: Subjects were recruited using a tabard: 
ized protocol’ from June 1988 to May 1990. The study 
conformed with the Declaration of Helsinki for studies 


involving human subjects and was approved by human 


study review boards. Subjects ‘had an LV ejection frac- 
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„tion $0.35 within 3 months of the day of consent, and 
were aged between 21 and 80 years. Ejection fraction 
was assessed by radionuclide ventriculography, contrast 
angiography or 2-dimensional echocardiography using 

ithe area-length method or Simpson's rule. In addition 
to meeting all inclusion and exclusion criteria of the 
SOLVD study, subjects recruited into the exercise sub- 
study also had no mental obtundation, orthostatic symp- 
toms, dyspnea at rest, noncardiac functional limitation 

.. such as limiting pulmonary, musculoskeletal or periph- 
eral vascular disease, or exercise-limiting angina pecto- 

tis. One hundred sixty-four prevention trial subjects 

were studied. However, because this study was initiated 
when recruitment to the treatment trial was mostly 

- complete, only 6 treatment trial subjects were available 

for the substudy. In subsequent months, we recruited 

another 14 subjects who met all eligibility criteria. 

-< These 20 subjects formed the substudy treatment trial. 
The 164 substudy prevention trial subjects represented 

42% of those randomized to the SOLVD prevention tri- 

al in the 5 centers during the exercise substudy enroll- 

ment period. 

Treadmill exercise test: Subjects underwent a base- 
line treadmill exercise test after 2 to 3 weeks of placebo 
treatment.> They began the exercise test standing on a 
- treadmill, with gas exchange monitored using either a 

Medical Graphics System 2001 or Sensor-Medics 4400 
capable of real-time single-breath analysis of expired 
gas. After a rest period of 22 minutes, exercise testing 
was begun using a modified Naughton protocol.? Tread- 

mill speed and grade were adjusted to produce stepwise 

increases in work load every 2 minutes. Subjective 

sensation of perceived exertion was recorded using a 


< modified Borg rating scale! with 10 as the highest - 
+ seore. Exercise was discontinued when the patient was 
unable to maintain the imposed work load as manifest- 


ed. oy ney to consistently maintain spod o on the 


| -TABLE 4 Clinical Characteristics of Treatment and Prevention Trials E 
Treatment . Prevention “pValue 
|” Women/men 2/18 24/140 oe 

Age (yr) 59 + 9 (20) 58 + 10(164) 0.655 

Body weight (kg) 81+ 15 (2% 81 + 14(164) 0.998 

Body mass index (kg/m2) 27 + 5 (20) 27 + 4(164) 0.848 

Standing blood pressure (mm Hg) 

Systolic 131 # 21 (2@ 130 + 19 (162) 0.802 
Diastolic 79 * 6 (20) 82 + 11 (152) 0,278 

Standing heart rate (beats/min) 84 + 17 (20) 83 + 18 (161) 0.764 

LV ejection fraction 0.25 + 0,07 (20) 0.29 + 0.05 (164) <0.001 

Cardiothoracic ratio (%) 53 + 5 (9) 49 £ 7 (127) 0.057 

NYHA functional class <9.010 

ł 3 (15%) 114 (70%) 
If 9 (45%) 50 (30%) 
iH B (40%) 0 
Cause of LV dysfunction <0.010 
{ischemic 19 (50%) 139 (85%) 
Idiopathic 2 (10%) 16 (10%) 
Other B (40%) 9 (5%) 

Values are mean + SD. Numbers of subjects studied are shown in parentheses. p values indicate statistical levels of 
significance for differences between treatment and prevention trial subjects, Causes of LV dysfunction under “Other” include: 
hypertensive heart disease in 2 prevention and 4 treatment trial a pn alcoholic heart disease in 1 prevention and 1 
treatment trial subject; hypertensive and aicoholic-heart diseases ‘in i prevention and 2 treatment trial subjects; valvular 
pathology in 1 treatment and 2 prevention trial subjects; viral myovarditis in 1 prevention:trial ato cardiac trauma in 1 
prevention tria! subject; and rheumatic heart disease in F prevention trial subject. 

LV = left ventricular; NYHA = New York Heart Association. 





















treadmill, or by development of significant exercise-in- 
duced hypotension, chest. pain, ventricular tachycardia 
or marked ST-segment depression. The electrocardio- 
gram was monitored continuously. Blood pressure was 
determined using cuff plethysmography. Data were sent 
to the exercise substudy core laboratory at the Universi- 
ty of Rochester Medical Center, Rochester, New York, 
for uniform determination of peak VO, and oxygen 
consumption at anaerobic threshold (AT), a measure of 
submaximal exercise capacity.®!! Peak VO2 was deter- 
mined as the highest VO, achieved during exercise and 
was normalized by either body weight (kg) or mass in- 
dex, defined as the ratio of body weight and squares of 
height (kg/m*). AT was the point in time when there: 
was a systematic increase in ventilatory equivalent of 
oxygen.28 Other associated changes at AT included sys- 
tematic increases in end-tidal oxygen partial pressure 
and respiratory exchange ratio.?®!!.12 

Statistics: Experimental results are reported as 
mean + SD. The statistical significance of differences 
between the groups was determined using analysis of — 
variance, and Student's ¢ test with Bonferroni correc- 
tion. The interrelations between peak VO, peak exer- 
cise heart rate, peak oxygen pulse (VO2/heart rate), 
age, gender, LV ejection fraction and New York Heart — 
Association functional class were studied using corre- 
lation. Analysis of covariance was then performed to 
determine if the differences in peak VO, and VO} at 
AT were still statistically significant after adjusting for 
age, gender, New York Heart Association functional 
class and LV ejection fraction. Differences were consid- 
ered statistically significant at p <0.05. 


RESULTS 


Daloucraphic and dhei Miccectedinier Ted 


‘mographic profile and clinical characteristics of the 
=~ groups are shown in Table L There were no statis- 
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TABLE Il. Peak Exercise Performance in Treatment and Prevention Trials 
: Treatment Prevention p Value 
“Exercise duration (sec) 493 + 160 (20) 842 + 277 (164) <0,0001 7 
Peak VO2 
ml/kg/min 13 + 4 (20) 20 + 6(164) < 0.0001 
mi/BMI/rmin 37 + 11 (20) 60 + 21 (164) <0.0001 
Peak heart rate (beats/min) 128 + 23 (20) 145 + 23 (162) <0.002 
Peak systolic pressure (mm Hg) 154 = 29 (18) 166 + 24 (164) 0.052 
Peak oxygen pulse (ml/beat) 8 + 3 (20) 1l + 4 (162) <0,0002 
Time to AT (sec) 331 + 156 (13) 573 * 211 (148) . <0.0001 
VOz at AT 
mi/ke/min 11 +4(13) 16 + 5 (148) <9.0004 
ml/BMI/min 32 Ł 11 (13) 49 + 16 (148) <0.0001 
Highest Borg score 7.9 + 2,5 (15) 7.7 £ 2.3 (163) 0.820 
Peak respiratory exchange ratio 1.09 + 0.13 (20) 1.11 + 0.13 (164) 0,337 
Values are mean + SD, Nurnbers of subjects are given in parentheses. p values indicate statistical levels of significance for 
differences between treatment and prevention trial subjects as determined by analysis of variance. 
AT = anaerobic threshold; BMI = body mass index (kg/mž); VOo = oxygen consumption. 








tical differences in gender, age, body weight and mass 
index, standing arterial blood pressure and heart rate at 
rest between treatment and prevention trial subjects. 
Treatment trial subjects had a lower LV ejection frac- 
tion than did prevention trial ones, but the difference in 
cardiothoracic ratio was not statistically significant. 
Seventy percent of prevention trial subjects were in 
New York Heart Association class I, with the remain- 
der in class II. In contrast, most subjects in the treat- 
ment trial were symptomatic in New York Heart Asso- 
ciation classes II and HI. The cause of LV dysfunction 
was ischemic in most subjects in both trials; proportion- 
ately more in the treatment trial had nonischemic 
causes. 

-Exercise performance: Exercise testing was discon- 
tinued because of dyspnea or fatigue in 139 prevention 
(85%).and 18 treatment (90%) trial subjects. The other 
reasons for discontinuation of exercise included chest 
pain (1 treatment and 6 prevention trial subjects), ven- 
tricular tachycardia (2 prevention trial), marked ST- 
segment depression (1 prevention trial), hypotension (1 
prevention trial), and others (1 treatment and 15 pre- 
vention trial) such as dry. mouth, leg pain, dizziness and 






_ Table II shows that treatment trial subjects had a 
shorter exercise duration and a lower peak. VO, than 
did prevention trial ones. The lower peak VO, in the 
treatment trial was associated with a similarly reduced 
peak exercise heart rate, oxygen pulse, time to AT, and 
VO; at AT. Peak VO, and VO, at AT differed be- 
tween the 2 trials irrespective of normalization by body 
weight or mass index. However, there was no difference 
in peak systolic blood pressure, Borg score or respira- 
wee exchange ratio achieved at end of exercise. 
Relation between clinical variables and exercise 
jerform s Peak VO, correlated significantly with 
= -0.35, p <0.0001), gender (r = 0.26, p 
) and New York Heart Association functional 
: 0.32, p <0.0001).. Significant correlations 
also. present. between VO, at AT and age 














.29, p <0.001), gender (t = 0.31, p <0.0001) _ 
New aoe Heart Association functional class t= = 


-0.24, p <0.001). However, neither peak VO, nor VO} 
at AT correlated significantly with LV ejection fraction 
(r = 0.07). 

Analysis of covariance was used to determine if peak 
VO, and VO, at AT between the treatment and 
prevention trials differed after adjusting for age, gender, 
New York Heart Association functional class and LV 
ejection fraction. Two-way interactions were also in- 
cluded to ascertain if differences in peak VO. or VO; at 
AT on 1 factor (i.e., gender) were constant over all ley- 
els of another (ie., LV ejection fraction). None of the 
interactions were statistically significant, so they were 
excluded from analysis. Differences in peak VO, and 
VO, at AT were significant (p <0.005) between the 
prevention and treatment trials after adjusting for age, 
gender, LV ejection fraction and New York Heart As- 
sociation functional class. Gender and age were also sig- 
nificant (p <0.0001) after adjusting for all other fac- 
tors. However, neither LV ejection fraction nor New 
York Heart Association classification affected exercise 
gas measurements after other factors had been adjust- 
ed. Furthermore, neither peak VO, nor VO, at AT 
differed between the prevention trial subjects treated 
with and without S-receptor or those receiving no calci- 
um antagonists. In subjects receiving no 8-receptor or 
calcium antagonist, peak VO, values were 21 + 7 and 
21 + 7 ml/kg/min, respectively, which did not differ 
significantly from those who received the blocking 
agents. 

Effect of age: Peak VO, correlated significantly 
with age in all subjects (r = —0.35, p <0.0001). The 
correlation coefficient was significant in the prevention. 
trial (r = ~0.39, p <0.0001), but perhaps because of 
the small number of subjects and narrow age range, did 
not reach statistical significance in the treatment trial. 

Effect of gender: Table III. shows that although 
there was no difference in age or LV ejection fraction 
between men and women in the prevention trial, women _ 


exercised for a shorter duration and attained a lower a 





peak: VO>,. VO, at AT and peak oxygen pulse than di 
men. Time to AT was also shorter in women, but the 2 


groups did not differ i in peak exercise heart tate, blood as 
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| TABLE Ii Differences in Peak Exercise Performance Between Menand Women. 
Prevention Trial ce : 
as Treatment Triak o. 4 
| Men Women “> Mer 
Pt. no. 140 24 18 
Age (yr) 58+ 10 58+ 12 59+9 
LV ejection fraction 0.29 + 0,05 0.29 + 0.06 0.25 + 0.07* 
Exercise duration (sec) 875 + 277 638 + 1757 503 + 163T 
Peak VOz 
mi/kg/min 21.0+63 15.4 + 4.6f 12.7 + 4.31 
mi/BMI/rin 64.5 x 20.8 40.3 + 12.74 37.8 + 11.6f 
Peak heart rate (beats/min) 146 + 22 136 + 24 128 £ 24t 
Peak systolic pressure (mm Hg) 166 + 23 166 + 29 156 + 3G 
Peak oxygen pulse (mi/beat) 11.84 3.6 8.1 + 2.47 8.0 + 28t 
VOz at AT 
mifke/min 16.9 + 4.7 11.6 + 3.6t 10,9 + 4.27 
ml/BMI/min 51.7 +15 30.4 + 9.34 32.94 11..1t 
Time to AT (sec) 597 + 209 415 + 1431 337 + 159+ 
Highest Borg score 7.5 +23 8342.1 7.9426 
Peak respiratory exchange ratio 1.12 4 0.13 1.06 + 0.10 1.10 +0.13 
T *p <0.05, tp <0.01 compared with men in prevertion trial using analysis of variance, and Bonferroni { test. | 
Values are mean + SD. Numbers of subjects who reached anaerobic threshold (AT) were 129, 19 and 12 for prevention 
trial men and women, and treatment trial men, respectively. 
Abbreviations as in Tables | and Ik 








pressure, respiratory exchange ratio or end of exercise 
Borg score. 

Compared with men in the prevention trial, those in 
the treatment trial had a lower LV ejection fraction and 
peak exercise performance (as evidenced by the shorter 
exercise duration), and reduced peak exercise heart 
rate, VO, and oxygen pulse, VO, at AT and time to 
AT (Table IID). However, there was no significant dif- 
ference in peak systolic blood pressure, highest Borg 
score or peak respiratory exchange ratio. 

__ Effect of cause of left ventricular dysfunction: Peak 
VO, did not differ between subjects with ischemic and 
nonischemic heart disease in either the prevention or 
treatment trial (Figure 1), nor did it correlate signifi- 
cantly with cause of LV dysfunction in the pooled data 
: (t = 0.027, p = 0.75). 


` DISCUSSION 
:: The present study characterizes the prevention and 
treatment trials of the SOLVD subjects by exercise ca- 
pacity. Treatment trial subjects were distinguished from 


) 





Treatment Prevention 














` Peak YOz (ml/kg/min 


Non— 
ischemic 


aac 9) 


Ischemic 
= 44) 


Sse suede none oom om 





prevention trial ones by the need for treatment of CHF 
with digitalis or diuretics, or both. Treatment trial sub- 
jects also had a lower LV ejection fraction and a higher 
New York Heart Association class than did prevention 
trial ones. Furthermore, prevention trial. subjects had 
less neuroendocrine activation than did treatment trial 
ones.'3 This report shows that prevention trial subjects 
have a greater exercise capacity than do treatment trial 
ones. Results of our study further indicate that the dif- 
ferences in peak VO, and VO, at AT between the 2 
trials cannot be explained by differences in age, body 
mass index, gender, New York Heart Association func- 
tional class, LV ejection fraction or cause of LV dys- 
function alone. Absence of correlation between LV ejec- 
tion fraction and peak VO, or VO, at AT was previ- 
ously demonstrated for subjects with CHF.!'+" How- 
ever, to our knowledge, the exercise oxygen perfor- 
mance of this large group of asymptomatic or minimal- 
ly symptomatic subjects with severe LV dysfunction is 
unique in the literature and was not previously reported. 

Peak VO, differed between the prevention and treat- 
ment trials in our study. These values were significantly 
lower than the normal ones obtained in a group of con- 
current control subjects.'® Prevention trial subjects 
achieved a mean peak VO, that corresponds to Weber 
classes A and B,’ or Franciosa classes I and II.!* How- 
ever, treatment trial subjects had a peak VO) that: cor- 
responds to Weber class C or Franciosa class III. The 
results of the treatment trial subjects are comparable to 
those reported recently by Elkayam et al!? in subjects 
with New York Heart Association class IJI and IV 
CHF. 

A decrease in peak VO, with age is known and cor- 
relates with a reduction in peak heart. rate. The lower 
peak VO) in women than in men has also been report- 
ed.”02! The gender differences in peak VO} did not dis- 


appear after normalization by body weight or mass in- 
dex, nor could it be explained by progesterone, because 
na Pk vO: was not reduced by progesterone.?? ' 
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st dy basa a few polena limitations. First, ex- 
ercise studies were performed in 5 separate laboratories. 
er, the methodology was standardized, and all 





data ' were analyzed in a core laboratory. Second, only a 
small number of treatment trial subjects were enrolled, 
because the exercise substudy began near the end of 
completion of enrollment for the treatment arm of the 
SOLVD program. Third, not all prevention trial sub- 
jects were completely asymptomatic; more precisely, 
they differed from the treatment trial subjects in that 
they did not need digoxin and diuretics for CHF. 
Fourth, the New York Heart Association classification 
is based on patients’ general functional status, which 
could be limited not only by cardiac systolic dysfunc- 
tion, but also by underlying pathology such as coronary 
artery disease. Exercise-induced myocardial ischemia 
could have limited the patients’ exercise performance. 
‘However, most subjects stopped exercise because of dys- 
pnea and fatigue; only 10 (5%) developed chest pain, 
ST-segment changes or ventricular tachycardia during 
exercise, suggesting that myocardial ischemia probably 
was not the major cause for discontinuation of exercise. 

Thus, the methodological limitations do not affect 
our major conclusion that asymptomatic or mildly 
symptomatic subjects have a greater aerobic exercise 
capacity than do symptomatic ones needing digoxin or 
diuretics. Furthermore, the difference in peak VO, and 
VO, at AT between the 2 groups of subjects cannot be 
explained by differences in age, gender, LV ejection 
fraction, New York Heart Association functional class 
or cause of LV dysfunction. The findings suggest that 
the appearance of symptoms in subjects with LV dys- 
function may reflect an unmeasured or unmeasurable 
entity that confers symptomatic status and limits peak 
VO). Recently, right ventricular function was speculat- 
ed to have an important role in determining the func- 
tional capacity of patients with chronic LV failure. 
However, right ventricular ejection fraction did not cor- 
relate with either maximum VO, or upright bicycle 
work load (Kronenberg et al, unpublished data). Rea- 
sons for the differences between symptomatic and 
asymptomatic subjects with LV dysfunction remain to 
be determined. 
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Long-Term, Outcome i in Patients with Ca 


Heart Failure and Intact Systolic Left 
Ventricular Performance 


John F. Setaro, MD, Robert Soufer, MD, Michael S. Remetz, MD, 
Robin A. Perlmutter, MD, MPH, and Barry L. Zaret, MD 


Congestive heart failure (CHF) is typically associ- 
ated with impaired left ventricular (LV) systolic 
performance. Few reports exist describing the 
long-term outcome in patients with CHF and nor- 
mal LV systolic function. Fifty-two patients initial- 
ly hospitalized with CHF and intact LV function 
(ejection fraction >45%) were followed for 7 
years. Mean age when initially identified was 71 + 
11 years (range 36 to 96), and average LV ejec- 
tion fraction was 61 + 11%. CHF was graded by a 
clinicoradiographic index, with a mean of 7.0 + 
2.3 (range 3 to 12, 13 indicates worst CHF). A 
third heart sound was present in 19 patients 
(37%), and 17 (33%) had presented with acute 
pulmonary edema. Principal cardiovascular diag- 
noses were coronary artery disease in 27 (52%), 
hypertensive heart disease in 16 (31%) and re- 
strictive cardiomyopathy in 7 (13%). At 7 years, 
cardiovascular mortality was 46% (24 of 52), and 
noncardiovascular mortality was 10% (5 of 52). 
Survival was not correlated with age, principal di- 
agnosis, third heart sound, pulmonary edema at 
presentation, LV ejection fraction, or presence or 
degree of LV diastolic dysfunction. Cardiovascular 
: morbidity, consisting of nonfatal recurrent CHF, 
_ myocardial infarction, unstable angina or other 
_ cardiovascular events occurred in 29% (15 of 52). 
Combined cardiovascular mortality and morbidity 
was 75% (39 of 52). In patients with CHF, intact 
LV systolic function does not confer the same fa- 
 vorable prognosis it defines in other clinical situa- 
tions. For such patients, the risk of future cardio- 
vascular events is high, a finding that should be 
-considered when designing therapeutic strategies 
‘in this group. 
{Am J Cardio! 1992;69:1212-1216) 
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jor influence on prognosis in a variety of cardiac 

conditions.'-!° LV function as assessed by radio- 
nuclide ejection fraction has been useful in defining sub- 
sets of patients with congestive heart failure (CHF) and 
a poor long-term outcome. Clinical CHF, irrespective of 
etiology, carries a 5-year mortality 250% in most se- 
ries.23.6.9.11-17 Within many series, there is an inverse 
relation between LV function and mortality.2!° The 
patient cohort with classic CHF and preserved LV ejec- 
tion fraction has been well described,'*-2° and may con- > 
sist of 30 to 40% of patients presenting with CHF. 
Common clinical correlates include coronary artery dis- . 
ease, systemic hypertension and restrictive cardiomyop- 
athy.2° To describe the long-term outcome in such pa- 
tients, we obtained 7-year follow-up data in 58 patients 
previously identified with CHF and preserved LV sys- 
tolic function.” 


METHODS 

Patient population: The original population was re- 
ferred to the nuclear cardiology laboratory at Yale-New 
Haven Hospital and the West Haven Veterans Ad- ` 
ministration Medical Center, as described previously.” 
Screening was conducted for 1 year, from 1981 to 1982. 
Patients were selected who had a diagnosis of CHF with 
an LV ejection fraction 245%, the normal value for our 
laboratory. The initial group consisted of 58 patients. 
Then CHF was graded by an experienced cardiologist 
using a clinicoradiographic scale of 0 to. 13 (13 indicates 
the most severe CHF).”°?! Dyspnea and physical and 
roentgenographic signs of CHF were scored: 1 point 
was given for mild to moderate dyspnea on exertion, 2 
for severe dyspnea on exertion or paroxysmal nocturnal 
dyspnea, 3 for orthopnea, and 4 for dyspnea at rest. 
Basilar rales rated 1 point, 2 if above the bases. A third 
heart sound merited 2 points if present, 0. if absent. 
More than 6 cm of jugular venous pressure was given | 
point, 2 for pedal edema or hepatosplenomegaly. On 
chest radiography, 1 point was given for pulmonary vas- 
cular redistribution, 2 for interstitial edema, 3 for alveo- 
lar edema, or interstitial edema with pleural effusions. . 
All patients had a high temporal resolution.. nuclear 
probe study to evaluate LV diastolic filling.**?> Peak 
filling rate, normalized to end-diastolic volume, was 
chosen: as. the parameter. of diastolic function (22.5 
end-diastolic volumes/second is normal).”” 


| eft ventricular (LV) ejection fraction exerts a ma- 
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wept In 1989, after approval by the 
investigation Committee, all patients were fol- 
by review of hospital charts with postmortem re- 
nic and physicians’ office records, cardiac cath- 
erization and surgical. reports, and interviews with 
physicians, patients and surviving relatives. Fifty-two 
hospital or clinic charts and 10 catheterization or cardi- 
ac surgical reports were evaluated, and 39 interviews 
conducted. Death was classified as cardiovascular in 
nature when medical descriptions confirmed that CHF, 
‘myocardial infarction, cerebrovascular accident, ar- 
rhythmia or sudden death (within 2 hours of appear- 
ance of symptoms) were fully implicated in the patient’s 
death. Cardiovascular morbidity was defined as a non- 
fatal event requiring hospitalization, including pulmo- 
nary edema, myocardial infarction, unstable angina, ce- 
rebrovascular accident or symptomatic arrhythmia. 
Statistical analysis: Data are expressed as mean + 
SD. A p value <0.05 was considered significant, and 
survival was plotted using Kaplan-Meier life-table anal- 
ysis.” Though numbers of patients were small, we eval- 
uated factors that may be associated with morbidity 
and mortality using Cox regression analysis and Pear- 
‘Son’ s chi-square test. 


RESULTS 

Clinical characteristics: Characteristics of the initial 
sop of 58 patients have been reviewed.?? Of the origi- 
nal 58, follow-up was obtained in 52 (90%). There were 
women and 25 men. Mean age at entry was 71 + 11 
Average LV ejection fraction in 1982 was 61 + 
11% (range of 45 to 91%). Mean peak filling rate was 
2.97 + 0.14 end-diastolic volumes/second (range 0.99 
to 7.20). CHF score for the follow-up group was 7.0 + 
2.3 (range 3 to 12).202! All patients had New York 
Heart Association class II to IV CHF. A third heart 
sound had been present in 19 patients (37%) of the fol- 
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FIGURE 1. Survival curve for pa- n 
tients with clinical congestive heart $ 
failure and intact left ventricular pe 
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low-up group. Acute nalincnary edema had origioally 

been noted in 17 patients (33%). Cardiovascular diag- 
noses consisted of coronary artery disease in 27 (52%), 
hypertensive heart disease in 16 (31%) and restrictive 


cardiomyopathy in 7 (13%). In 2 (4%) the underlying — a 


diagnosis was unclear. Clinically, the follow-up group of 
52 patients did not differ significantly from the original 
58. 


Morbidity: Among survivors and nonsurvivors, 28 
(54%) had recurrent CHF, and 5 (10%) had angina or 
required coronary artery bypass surgery. Nonfatal car- 
diovascular morbidity alone occurred in 15 (29%), myo- 
cardial infarction in 4 (8%), and 2 (4%) had other 
events such as stroke or severe arrhythmia. Although 
most patients were receiving digoxin and diuretics at en- 
try, we have not reported the subsequent pharmacother- 
apy of the-cohort because of the difficulty i in judging the 
effects of multiple agents given for varying intervals. 

Mortality: After 7 years, 24 patients (46%) died of 
cardiovascular causes. Thus, cumulative survival of the 
study group with respect to cardiovascular mortality 
alone was 54% (Figure 1). As listed later, most patients 
dying of cardiovascular causes had severe recurrent or 
intractable CHF, in some cases associated with other | 
diseases, such as hypertension or amyloidosis, which 
predisposed them to diastolic heart failure. 

Recurrent refractory CHF caused death in 6 pa- 
tients, and 2 died after attempted cardiopulmonary re- 
suscitation for sudden pulmonary edema, without ob- 


served arrhythmias. Pulmonary edema with probable K 
‘pneumonia caused the deaths of 2 patients: 1 died from 


pulmonary edema and rapid atrial fibrillation, and 1 pa- 
tient died with pulmonary edema during general sur- 
gery. Pulmonary edema with end-stage systemic sclero- 
sis caused death in 1 patient, and 2 died with CHF and 
end-stage amyloidosis, 1 with CHF and pericarditis, 
and | died with CHF with a non-Q-wave myocardial 
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| sepsi: Another died with CHF -i 
ES c obstructive airways disease, and 1 died 
oe with CH F and hypertension during renal dialysis. Fatal 
Q-wave myocardial infarctions occurred in 2 patients, 1 
-died of a hypertensive cerebrovascular accident, 1 died 
__ with hypertrophic cardiomyopathy complicated by myo- 


- cardial infarction and severe mitral regurgitation, and 1 


patient died of intractable postoperative CHF after 
valve replacement for mixed aortic valvular disease. 
-Noncardiovascular etiologies caused death in 5 patients 
(0%), including variceal hemorrhage, gynecologic neo- 
plasm, seizure with aspiration pneumonia and renal fail- 
ure; in 1 the cause of death was uncertain. 
i Mean survival time was 53.7 + 4.7 months. Median 

“survival time was 35 months. Combined cardiovascular 
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mortality and morbidi 
at 7 years (Figure 2). Survivors co 
morbid events even through the fin: 
up (Figure 2). Most early morbiditic 
tality and are illustrated as such i in the combi 
(Figure 2). 

Follow-up radionuclide angiocardiogtepiy: Repeat 
assessment of LV ejection fraction was performed in 13 
patients during the follow-up period. We reviewed. these 
limited data to determine if some adverse outcomes 
might be linked to deteriorating LV function. ‘In 5 pa- 
tients, LV ejection fraction decreased to <45% (from. 
51 + 12% to 36 + 6%): 3 of these patients died, and 2 
were alive at follow-up, though both had cardiovascular 
events. In 8 patients, LV ejection fraction remained nor- 
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e died, both with sudden pulmonary ede- 
years, 6 were alive, although 5 sustained car- 
diovascular events. 
-Predictive factors: The number of patients available 
for analysis of factors which may forecast adverse out- 
come is small and thus of limited value; yet it is interest- 
_ing to analyze possible prognostic factors, including un- 
derlying diagnosis, clinical presentation and systolic and 
diastolic function. Survival curves were similar in pa- 
tients with and without coronary artery disease (Figure 
3), a8 in patients with and without abnormal diastolic 
function. Cardiovascular mortality was not correlated 
with any other possible predictive factors at initial pre- 
sentation, including age, third heart sound, acute pul- 
monary edema, ejection fraction, peak filling rate or 
principal diagnosis (all p values >0.10). 


DISCUSSION 
_ We have shown in patients identified 7 years ago 
with CHF and intact systolic performance that a nor- 
mal LV ejection fraction does not necessarily confer the 
‘same favorable prognosis it defines in other clinical cir- 
cumstances. In most respects the outcome is indistin- 
guishable from that of classic CHF with depressed ejec- 
tion fraction and substantial early mortality, irrespec- 
tive of etiology.!-!7 

< The poor long-term prognosis of patients with CHF 
associated with systolic dysfunction, either on an isch- 
emic or idiopathic cardiomyopathic basis, has been well 
defined. We report no such comparison group, yet pub- 
lished reports provide ample natural history and prog- 
‘nostic data. In these cohorts, 5-year mortality ranges 
‘near 50%, as in the Framingham Heart Study and oth- 
ers,?3,69.11-17 Pump failure or sudden death, presumably 
caused by ventricular rhythm disturbances, have been 
implicated in the death of patients with poor contractili- 
ty.626 CHF with depressed LV function has an unfavor- 
able impact on survival after myocardial infarction.‘ 
However, patients with pulmonary edema and normal 
LV ejection fraction in the setting of myocardial infarc- 
tion have a 1-year outcome comparable to those with 
depressed ejection fraction.27 

Mechanisms may exist in our patient group which 

differ from those that influence prognosis in patients 
with CHF and LV systolic dysfunction, including inter- 
mittent myocardial ischemia, severe impairment of dia- 
stolic filling or tachyarrhythmias. The finding that 4 pa- 
tients died of myocardial infarction suggests a role for 
transient ischemia in some patients. Acute or recurrent 
pulmonary edema, or CHF in the setting of another 
cardiac or systemic illness was the cause of death in 19 
patients. Either occult ischemia or primary diastolic ab- 
normalities may have contributed to these mortalities. 
Instances of sudden death or clinically observed ventric- 
ular tachyarrhythmias were few (6%) compared with 
results in CHF patients with poor LV function, suggest- 
ing a lesser role for malignant ventricular rhythms in 
our patients. 
~~ Patients with CHF and normal LV ejection fraction 
have been described.'*~?° Diastolic filling parameters 
are abnormal in as many as 38% of these patients.2° 











Likely pathophysiologic derangements include impaired 
cardiac filling based on ischemia, muscle stiffness or de- 
layed relaxation, producing pulmonary congestion, dys- 
pnea and physical and radiographic signs of CHF.°?8 
We have reported a favorable role for calcium antago- 
nists in nonischemic CHF patients with abnormal dia- 
stolic filling.” 

Recently Cohn and Johnson?’ described prognostic 
findings in patients with CHF and normal LV ejection 
fraction (245%). The results were from the Veterans 
Administration Vasodilator Heart Failure Trial I 
(V-HeFT) study examining the use of vasodilators in 
CHF.!> The investigators emphasized a subgroup who 
either had CHF at entry or a history of the same. Previ- 
ous hypertension was a common factor in this subgroup, 
a finding also reflected in our data. The V-HeFT study 
reported a better prognosis for CHF patients with nor- 
mal systolic function compared to those with CHF and 
systolic dysfunction (8 vs 19% annual mortality). This 
finding differs from our results, in which mortality with 
normal LV function is similar to reported controls with 
LV systolic dysfunction (24 of 52 [46%] at 7 years in 
our group, vs 19 of 83 [23%] in 5.7 years in V-HeFT), 

Several explanations may account for the disparity 
between our study and V-HeFT. The mean age was 
59.7 + 6.7 years in the V-HeFT study and was 71 + 11 
years for our patients, who thus had a shorter life expec- 
tancy on entry (11.8 years for a 70-year-old man in the 
USA, vs 18.2 years for a 60-year-old).*° Could a differ- 
ence in initial life expectancy alone account for the poor 
prognosis in our cohort? Reference data suggest not: 
Our patients survived a mean of 53.7 months (Figure 1) 
versus 11.8 years for the reference population at large, 
a major difference. 

At entry, our patients were hospitalized with CHF 
as a major aspect of their presentation, and were re- 
ferred for evaluation of LV performance because of 
CHF, an explicit criterion for enrollment. In contrast, 
the V-HeFT group contained an unspecified fraction. 
who entered based on past CHF. That our patients were 
more critically ill is suggested by the large number of 
deaths due to pulmonary edema or recurrent CHF, ei- 
ther primarily, or associated with a systemic stress. In 
some cases, follow-up showed a decrease in ejection 
fraction, possibly contributing to later mortality. 

Ischemia was systematically excluded in V-HeFT, 
unlike our study, and may provide an additional expla- 
nation for the divergent outcomes. A poor prognosis for 
patients with normal ejection fraction and ischemic pul- 
monary edema has been described by Warnowicz et 
al.” Inclusion of ischemia in our patients makes them 
closer in character to the Warnowicz group than to V- 
HeFT.” By protocol design, half of the patients in 
the V-HeFT received nitrates and afterload-reducing 
agents, with possible long-term benefit. With normal 
LV function, there was a nonsignificant trend toward a 
decreased annual mortality rate in treated versus place- 
bo patients (5.3 vs 9.0%).?? 

Limitations exist in our study, including the lack of a 
control group with CHF and abnormal systolic func- 
tion. Yet numerous series have illustrated an unfavor- 
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ing etiok es 
“groups wi CHF and abnorma systolic function, in 
which several etiologies, ranging from idiopathic dilated 
cardiomyopathy to ischemic cardiomyopathy, produce a 
sirnilarly poor prognosis. The- hospital-based recruiting 
of our patients. may not permit extrapolation of the find- 
“ings to outpatients with less CHF. Not all patients had 
serial radionuclide studies which may have documented 
declining ejection fractions. That some patients had a 
decrease in ejection fraction while others did not sug- 
gests that a prospective analysis of serial changes in sys- 
tolic function may be warranted. We cannot address 
prognosis from the perspective of subsequent drug treat- 
ment over 7 years; our purpose was not to describe a 
prospective therapeutic trial, but simply to define the 
_ long-term outcome of this clinical presentation from the 

time of initial evaluation. 

Hospitalized patients with CHF and intact systolic 


_. function do not have a favorable long-term outcome. 


In a separate cohort with abnormal LV diastolic func- 
‘tion on a nonischemic basis, short-term improvement is 


a possible. using calcium antagonists; whether long-term 


“prognosis can be influenced is unknown.” Similarly, in 
‘patients with ischemic or restrictive heart disease, sur- 
vival may be prolonged with specific disease-related 
therapy; this hypothesis lies outside the scope of the 
present report. We suggest that hospitalized- patients 
with CHF and intact systolic function do not have a 
favorable prognosis, and may require careful observa- 
tion and management. 
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in comparison to conventional metoprolol the plasma metoprolol leveis following 
administration of Toprol XL are charactenzed dy lower peaks, longer time to peak and 
significantly ‘ower peak to trough variation. The peak plasma leveis following once 
daily administration of Toprol XI. average one-fourth to anechalf the peak plasma lev- 
els obtained following a corresponding dose ef conventions: metoprolol, administered 
once daily or in divided doses. At steady state the average Bioavailability of metoprolol 
following administration of Toprol XL, across the dosage range of 5G to 400 mg once 
daily, was 77% relative to the corresponding single or divkied doses of conventional 
motoprciol. Nevertheless, over the 24 hour dosing interval, # ,-biockade is comparable 
and dose-related (see CLINICAL PHARMACOLOGY). The Bioavailability of metoprolol 
shows @ dose-related. although not directly proportional increase with dose and is not 
significantly affected by food following Toprol ZL administration. 


INDICATIONS AND USAGE 

Hypertension 

Toprol XL tablets are indicated for the teacment o' hypertension. They may be used 
alone or in combination with other antihyperteasive agents. 

Angina Pectoris 

Topro! XL tablets are ndicated in the long-term treaiment of angina pectoris. 


CONTRAINDICATIONS 

Hypertension and Angina 

Toprol XL is contraincicated in sinus bradycardia. heart block greater than first dagree. 
cardiogenic shock, and overt cardiac failure (see WARNINGS). 


WARNINGS 

Hypertension and Angina 

Cardiac Failure: Sympathetic stimulation is a vitat component supporting circulatory 
functior. in congestive heart failure, and beta-blockade carries the potential hazard of 
{urther depressing myocardial contractility and precipitatiig more severe failure. in 
hypertensive and angina patients who have congestive heart talure controlled by digi- 
talis and diuretics, Toprol XL should be administered cautiously. Both digitalis and 
Toprot Xi. slow AV canduction. 

in Patients Withou! a History of Cardiac Failure: Continued depression of the 
myocardium with beta-blocking agents over & pericd of time can, in some cases, jead 
to cardiac failure. At the first sign or symptom of impending cardiac failure, patients 
should be fully digitalized and/or given a diuretic. The response should be observed 
closely. H cardiac failure continues, despite acequa‘e digitalization and diuretic therapy, 
Toprol XL should be withdrawn. 

Ischemic Heart Disease: Following abrupt cessation of therapy with certain beta- 
blocking agents, exacerbations of angina pectoris and, it some cases, myocardial 
infarction have occurred. When discontinuing chronically aeiministered Toprol XL, par- 
ticularly in patients with ischemic heart disease, the dosage should be gradually 
reduced over a petiod of 1-2 weeks and the patient shouid be carefully monitored, H 
angina markedly worsens or acute coronary insufficiency develaps, Toprol XL. adminis- 
tration should be reinstated promptly, at leasi temporarily, and other measures appro- 
priate for the management of unstable argma sould be: taken. Patients should be 
warned against interruption of discontinuation of therapy without the physician's 
advice. Because coronary artery disease ig common and may be unrecognized, It 
may be prudent not to discontinue Toprol XL therapy abruptly even in patients treated 
only for hypertension. 

Bronchospastic Diseases: PATIENTS WITH BRONCHOSPASTIC DISEASES 
SHOULD, IN GENERAL, NOT RECEIVE BETA-BLOCKERS. Because of its relative 
betay-selectivity, however, Toprol XL may be used with caution in patients with bron- 
chospestic disease who do not respond fo. at cannot tolerate, other antihypertensive 
treatment. Since beta, -selectivity is not absolute, a beta-stimulating agent should be 
administered concomitantly, and the lowest possibie dose of Toprol Xt. shouid be used 
{see DOSAGE AND ADMINISTRATION) 

Major Surgery: The necessity or desirability of withdrawing beta-blocking therapy 
prior te major surgery is controversial; the impaired ability of the neart to respond to 
reflex adrenergic stimuli may augment the risks of general anesthesia and surgical 
procedures. 

Toprol! XL like other beta-blockers, is a competitive inhibitor of beta-receptor agonists, 
and its effects can be reversed by administration of such agents, e.g., dobutamine or 
isoproterenol, However, such patients may oe subject to protracted severe hypoten- 
sion. Difficulty in restarting and maintaining the heart beat nas also been reported with 
beta-biockers, 

Diabetes and Hypoglycemia: Toproi Xi. should be used with caution in diabetic 
patients it a bela-blocking agent is required. Beta-blockers may mask tachycardia 
‘occurring with hypoglycemia, but other manitestations such as dizziness and sweating 
may not be significantly affected. 

Thyrotoxicosis: Beta-adrenergic blockade may mask certain dlinica’ signs (@.9., 
tachycardia) of hyperthyroidism. Patients suspacted o' developing thyrotoxicosis 
shoult be managed carefully to avoid abrupt withdrawal oftheta-blockade, which might 
preciptate a thyroid storm. 


PRECAUTIONS 
General 
Toprol XL should be used with caution in patents with impaired hepatic function. 


information tor Patients 

Patients should be advised to take Toprol XL regularly and continuously, as directed. 
preferably with or immediately following maals. Vf a dose should be missed, the patient 
should take only the next scheduled dose {without doubling it). Patients should not dis- 
continue Toprol XL without consulting the physician. 

Patients should be advised (1) to avoid operating autemobiles and machinery or 
engaging in other tasks requiring alertness anti! the patient's response to therapy with 
Topro: XL has been determined: (2) to contact the physiczan if any difficulty in breath- 
ing occurs; {3) t0 inform the physician or dentist betore ary type of surgery that he or 
she is taking Toprol XL. 


Laboratory Tests 
Clinical laboratory findings may include elevated leveis c! serum transaminase, alka- 
lina phosphatase, and lactate dehydrogenase. 


Drug interactions 

Catecholamine-depteting drugs (e.g,. reserpine; may have an additive effect when 
given with beta-blocking agents. Patients treated with Toprol XL plus a catecholamine 
depletor shouid therefore be closely observed for evidence ot hypotension or marked 
bradycardia, which may produce vertigo, syscope, or postural hypotension. 
Carcinogenesis, Mutagenesis, Impairment of Fertility 

Long-term studies in animals have been conducted te evaluate the carcinogenic 
potential of metoprolol tartrate. In 2-year studies in rats ai three oral dosage levels of 
up to 800 mg/kg/day, there was no increase ir the development of spontaneously 
occuring benign or malignant neoplasms 9' any type. The only histologic changes that 
appeared to be drug related were an increased incidence-of generally mild focal accu- 
mulation of foamy macrophages in pulmonary alveoli and a slight increase in biliary 
hyperplasia. in a 21-month study in Swiss albino mice at ree oral dosage levels of up 
to 750 mg/kg/day, venign lung tumors (small adenomas) occurred mare frequently in 
female mice receiving the highest dose than in wntreatex contro! animals. There was 
no increase in malignant or total (benign pius malignant) tang tumors, nor in the overall 
incidence of tumors or malignant tumors. This 21-monthstudy was repeated in GDA 
mice, and no statistically or biologically significart ditferexces were observed between 
treated and contro! mice of elther sex for ary type of tumer. 

All mutagenicity tasts performed on metoprolol tartrate (a dominant lethal study 
in mice, chromosome studies in somatic celis, a Saimanella/mammalian-microsome 
mutagenicity test, and a nucleus anormary test in somatic interphase nuclei) and 
meteproio! succinate (a Salmonetia’mammalian-mierosome mutagenicity test) 
were negative. 

No evidence of impaired fertility due to metoprotol tartrate was observed in a study 
performed in rats at doses up to 55.5 times the maximum daily human dose of 
450 mg. 

Pregnancy Category C R 

Metoproiol tartrate has been shown to increase post-irenianiation loss and decrease 
neonatal survival in rats at doses up to 55:5 times the maximum daily human dose of 
450 mg. Distribution studies in mice confirm expesure of ihe fatus when metoprolol tar 
trate is administered to the pregnant animat. These studies have revealed no evidence 
of impaired fertility or teratogenicity. There are ne adequate and well-controlled studies 
in pragnant women. Because animal reproduction studies are not always predictive of 
human response, this drug should be usediduring pregnancy only it clearly needed. 


Nursing Mothers 

Metoprolol is excteted in breast milk in very small quantities. An infant consuming 
1 fiter of breast mék daily would receive a dose of less than 1 mg af the drug. Caution 
should be exercised when Toprol XL is administered to a nursing woman 


Pediatric Use 
Safety and effectiveness in children have not bean estabfished. 


Risk Of Anaphylactic Reactions 
While taking beta-blockers, patients with a history of severe anaphylactic reactions te 
a variety of aliergans may be more reactwe to repeated challenge, either accidental. 


chagnostic or therapeutic. Such patients may 5e unresponsive to the usual doses of 
epinephrine used to treat allergic action 


ADVERSE REACTIONS 

‘Hypertension and Angina 

Most adverse effects have been mild and transient. The following adverse reactions 
have been reported for metoprolo: tartrate. 

Central Nervous System: Tireduess and dizziness have occurred in about 10 of 100 
patients. Depression has been reported in about 5 of 190 patients. Mental contusion 
and short-term memory loss have been reported. Headache, somnolence, nightmares, 
and insomnia have also been reported. 

Cardiovascular: Shortness of braath and bradycardia reve occurred in approximately 
3 of 190 patients, Cold extremities: arterial insufficiency, usually of the Raynaud type; 
paipitatians; congestive heart failure; peripheral! edema, syncope; chest pain, and 
hypotension have been reported in about t of 100 patients (sae CONTRAINDICA.- 
TIONS, WARNINGS and PRECAUTIONS). 

Respiratory: Wheezing (bronchospasm) and dyspnea have been reported in about 3 
ol 10C patients (see WARNINGS. 

Gastrointestinal: Diarrhea has occured in about 5 af 100 patients. Nausea, dry 
mouth, gastric pain, constipation, flatulence, digestive act disorders and heartburn 
have bean reported in about 1 of 100 patients. 

Hypersensitive Reactions: Pruritus or rash have occurred in about 5 of 100 patients 
Worsening of psoriasis has atso been reponec. 

Miscellaneous: Peyronie's disease has been reported in fewer than 1 ot 100,000 
patients Musculoskeletal pain, blurred vision decreases libido and tinnitus have aiso 
been reported. 

There have deen rare reports o° reversible alopecia, agranulocytosis, and dry eyes. 
Discontinuation of the drug shouid be considered it any such reaction is not otherwise 
explicable. The oculomucoculaneaus syndrome associated with the beta-blocker prac- 
tolol has not been reported with metoprolol 


Potential Adverse Reactions 

A variety of adverse reactions rot listed above have been reported with other beta- 
adrenergic blocking agents and shoulc be considered potential adverse reactions to 
Toprol XL. 

Centrat Nervous System: Reversible mental depressian progressing to catatonia; an 
acute reversible syndrome characterized by disorientation tor time and piace, shon- 
term memory loss, emotional tadility, slightly clouded sensorium, and decreased per- 
formance on neurapsychometrics. 

Cardiovascular: intensification of AV block (see CONTRAINDICATIONS)}. 
Hematologic: Agranulocytosis, nonthrombocytoperc purpura, thrombocytopenic 
purpura 

Hypersensitive Reactions: Fever combined with aching and sore throat, jatyn- 
gospasm, and respiratory distress. 


OVERDOSAGE 

Acute Toxicity 

No overdosage has bean repored with Toprol XL ant: no specific overdosage intor- 
mation was obtained with tws drug, wita the exception of animal toxicology 
data, However, since Topro! XL {metoprolol suecinatesalt} contains the same active 
moiety, metoprolol, as conventonal metoprolol tablet. (metoprolol tartrate salt}, the 
recommendations on overdosage for metoproic! conventional tablets are applicable 
10 Toprol XL. 


Signs and Symptoms 
Potential signs and symptoms associated with overdosage with metoprolol are brady- 
cardia, hypotension, bronchospasm, and cardiac failure 


Treatment 

There is no specific antidote. 

In general, patients with acute of recent myocardial infarction may be more hemody- 
namically unstable than other patents and should be treated accordingly. On the basis 
of the aharmacolagic actions cf metoprolol tartrate, the following genera! measures 
should be employed. 

Elimination of the Drug: Gastric tavage should be perormed. 

Bradycardia: Atropine should ke administerad. H there is no response to vagal block- 
ade, isoproterano! should be administered cautiously 

Hypotension: A vasopressor should be administered, «.g., levartereno! or dopamine 
Bronchospasm: A betag-stimulating agent and/or a theophylline derivative should be 
administered. 

Cardiac Failure: A digitalis glycoside ang diuretics should be administered. In shock 
resulting from inadequate cardiac contractitty, adminstration of dobutamine, isopro- 
terenol or glucagon may be considered, 


DOSAGE AND ADMINISTRATION 

Topol XI. is an extended release tablat intended tor once-a-day administration, When 
switching from immediate release meroproio! tablet to Toprol XL, the same totai daily 
dose of Toprol Xt should be usad, 

As with immediate release metoprolol, dosages of Towrol XL should be individualized 
and titration may be needed in some patients. 

Hypertension 

‘The usual initial dosage is 50 tp 100 mg daily it a single dose. whether used alone of 
added:to a diuretic. The dosage may de increased at weekly (or longer) intervals until 
optinem blood pressure reduction is achieved. In gereral, the maximum effect of any 
given dosage levei will be apparent after 1 week of therapy. Dosages above 400 mg 
per day have not been studied. 

Angina Pectoris 

The dosage of Toprol XL shoud be individualized. Tra usual initial dosage is 100 mg 
daily, given in a single dose. The dosage may be gradually increased at weekly inter- 
vals until optimum clinical response fas been obtained or there is a pronounced slow- 
ing of the heart rate. Dosages above 400 mg per day have not been studied. if 
treatment is to be discontinued, the dosage should be reducea gradually over a period 
of 1-2 weeks (see WARNINGS}. 


HOW SUPPLIED 


Tablets 50mg: 

Contain 47.6 mg of metoprolol succinate equivalent :o 50 mg of metoprolol tartrate, 
use 

Are white, deonvex, round, film-coated 

Engraved hoon one side and:scorec on the ather 


Botties of 100 NDC 0186-1090-05 


Tables 100 mg: 

Contain 95 mg of metoprolol succinate ecuivaient t» 100 mg of metoprolol tartrate, 
use 

Are white, biconvex, round, film-coated 

Engraved ms on one side and scored on the other 


Bortles of 100 NDC 0186-109:-05 


Tabiets 200. mg. 

Contain 190 mg of metoprolo: succinate equivalent 19 200 mg of metoprolol tartrate, 
usp 

Are white, Sjonvex, oval, fiim-coatec 

Engraved my and scored on ane side 

Boities of 100 NOC 0186-1094-05 

Stere at controlled room temparature 15%-30°C. {59%-48°F) 


Manufactured by: 

Astra Pharmaceutical Producton, AE 
Södertälje, Sweden 

Manufactured tor: 


Astra Pharmaceutical Products, inc. 
Westborough. MA 01581-4500 


iss. 11/91 





FOOTNOTES: 


1. Please see full prescribing information above. 

2. Sandberg A, Blomqvist |, Jonsson UE, Lundborg P, Phar- 
macokinetic and pharmacodynamic properties of a new 
controlied-release formulation of metoprolol; a comparison 
with conventional tablets. Eur J Clin Pharmacol 1988; 

33 (Suppl); 89-914. 
3. Data on file at AB Hassie. 






2 ‘Desires of Left Ventricular Hypertrophy i in 
atients. with Hypertrophic Cardiomyopathy and 
a Chronic Atrial Fibrillation 





paolo Spirito, MD, Edward Lakatos, PhD, and Barry J. felon: MD 





7 It has oon generally assumed that most patients 
; with hypertrophic cardiomyopathy (HC) who de- 
_velop atrial fibrillation (AF) have marked left ven- 
tricular (LV) hypertrophy and subaortic obstruc- 
tion. The morphologic and functional features of 
is subset of patients with HC have not been sys- 
_tematically investigated. The LV morphology and 
functional profile of 46 patients with HC and 
AF were compared with those of 81 con- 













‘trol patients with HC and normal sinus rhythm. 
Contrary to expectations, LV hypertrophy (as- 
_ sessed with 2-dimensional echocardiography) was 
-substantially less marked in the patients with AF 
than in the control patients, and prevalence of 
ortic obstruction was similar in the 2 groups. 
mal LV wall thickness and wall thickness in- 
re lower in patients with AF (18 + 2 and 
respectively) than in control patients 
67 + 16 mm, respectively; p <0.001). 
by mild LV hypertrophy (maximal LV 
_wall thickness <17 mm confined to 1 ventricular 
samen, was almost twice as frequent in patients 
_with AF (63%) than in control patients (36%; p 
Subaortic obstruction was present in 9 
with AF (20%) and in 28 control patients 
05). Ina subgroup of 22 patients with 
| were followed for 4 to 10 years, 5 pa- 
marked LV wall thinning (>5 mm, 
to 14). In conclusion, these results demon- 
2 that most patients with HC and chronic AF 
: e the nonobstructive form of HC, and relatively 
! mild LV hypertrophy. In many of these patients, 
| ressive LV wall thinning is probably responsi- 
ble for the mild LV hypertrophy. 
m (Am J Cardiol 1992;69:1217-1222) 
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trial fibrillation (AF) is present in a significant 

minority (approximately 10%) of patients with 

hypertrophic cardiomyopathy (HC) followed at 
referral centers.'~4 In many of these patients, develop- 
ment of AF is associated with symptomatic deteriora- 
tion and increased risk of systemic embolization.4-? De- 
spite the clinical implications of this arrhythmia, the 
morphologic and functional features of patients with 
HC and chronic AF have not been investigated system- 
atically. In the present study, in an effort to achieve a 
better understanding of the characteristics of this subset 
of patients, we assessed the left ventricular (LV) mor- 
phology and functional profile of a large group of pas 
tients with HC and chronic AF. These findings were 
compared with those obtained in a control group of pa- 
tients with HC and normal sinus rhythm, Our observa- 
tions provide new insights into the pathophysiology and 


morphologic evolution of patients with HC who develop : 


chronic AF. 


METHODS 

Selection and characterization of patients: Forty-six 
patients with HC who had been in AF for 26 months 
composed the present study cohort. This series repre- 
sents a consecutive group of patients with HC’ and 
chronic AF who were evaluated at the National Heart, 
Lung, and Blood Institute during a 2-year period and 
had 2-dimensional echocardiograms of sufficient techni- 
cal quality for reliable assessment of magnitude and dis- 
tribution of LV hypertrophy. Two other patients with 
chronic AF evaluated at the National Heart, Lung, and 
Blood Institute during this period were not included in 
the present study group, because they had previously 
been operated on for relief of subaortic obstruction 
(ventricular septal myotomy-myectomy). The diagnosis 
of HC was based on the echocardiographic demonstra- 
tion of a hypertrophied and nondilated left ventricle in 
the absence of another cardiac or systemic disease that 
could produce LV hypertrophy of the magnitude ob- 

served.? 

Patients ranged in age from 19 to 72 years: (mean 
55). Of the 46 study patients, 27 (59%) were asymp- 
tomatic or had only mild symptoms (New York Heart 
Association functional class I or I), and 19 (41%) had 
moderate to severe symptoms (functional. class II or 


-EV).. Presence of LV outflow obstruction ‘under basal 


conditions was assessed at cardiac catheterization in 30 


“patients (65%) and estimated from the M-mode echo- 


cardiogram on the basis of the magnitude and duration 
of systolic anterior motion of the mitral valve!!! in the 
other 16 (35%). 
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Control patients: Morphologic findings in the 46 


study patients with chronic AF were compared with 
those of a consecutive group of 81 patients with HC 
who were evaluated at the National Heart, Lung, and 
Blood Institute over the same period of time and met 
the following criteria: (1) a 2-dimensional echocardio- 
gram of satisfactory technical quality, which permitted 
reliable assessment of the magnitude and distribution of 
LV hypertrophy; (2) normal sinus rhythm without doc- 
umented episodes of AF; and (3) severity of cardiac 
symptoms similar to that of patients with AF. At the 
time of the echocardiographic examination, control pa- 
tients ranged in age from 21 to 74 years (mean 42). 
Forty-six patients (57%) were asymptomatic or had 
mild symptoms (New York Heart Association function- 
al class I or IT}, and the remaining 35 (43%) had mod- 
erate to severe symptoms (class III or IV). LV outflow 
obstruction under basal conditions was assessed at car- 
diac catheterization in 53 patients (65%) and estimated 
from the M-mode echocardiogram in the other 28 
(35%). 

Two-dimensional echocardiography: Two-dimen- 
sional echocardiographic images were obtained in the 
parasternal long- and short-axis views, and apical 2- and 
4-chamber views using standard transducer positions.'? 
The extent and distribution of LV hypertrophy was 
assessed at end-diastole using criteria previously de- 
scribed.'3-!7 Magnitude of LV hypertrophy was as- 
sessed primarily from the parasternal short-axis planes; 
however, the parasternal long-axis and apical views 
were also used to integrate the observations obtained 
from the short-axis views. In the parasternal short-axis 
plane, the left ventricle was divided in 4 segments that 
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opathy and normal sinus rhythm (NSR). 
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identified the anterior and posterior portions of th 
tricular septum, and the lateral and posterior LV. free 
walls. Wall thickness was measured at the levels of both 
the mitral valve and the papillary museles in each of the 
4 ventricular segments. The segment of the wall with 
the greatest thickness was considered to represent maxi- 
mal LV wall thickness.!3!5 Furthermore, an index of 
the extent of LV hypertrophy was calculated by adding 
the maximal wall thicknesses measured (at either mitral 
valve or papillary muscle level) in each of the 4 ventric- 
ular segments. These measurements reflect the overall. 
extent of LV hypertrophy, and reliably separate (in 
quantitative terms) patients with marked and diffuse 
hypertrophy from those with mild and localized hy- 
pertrophy.!3- 7 Measurements of both maximal LV 
wall thickness and wall thickness index were previously 
shown to have satisfactory reproducibility.!>!° LV end- 
diastolic cavity dimension and left atrial size were as- 
sessed from the M-mode echocardiogram, as previously 
cescribed.'8 

Echocardiographic follow-up: Serial 2-dimensional 
echocardiographic measurements of LV wall thickness — 
were obtained in 22 patients with chronic AF who had 
been followed for =4 years (up to 10, mean 7). In each ` 
patient, measurements of maximal LV wall thickness, _ 
wall thickness index, LV end-diastolic cavity dimension — 
and left atrial size obtained at both the initial and most 
recent echocardiographic examinations were compared. 
Serial echocardiographic measurements were obtained- 
without knowledge of the identity of the patient. 

Statistical methods: Data were expressed as mean + 
SD. Differences between continuous variables were de- 
termined using the unpaired or paired Student’s £. test, _ 
as appropriate. Differences between proportions were 
determined using the chi-square or Fisher exact test, as. 
appropriate. Multivariate linear models were used to as- 
sess the relation between LV wall thickness and age, as 
well as that between wall thickness and LV diastolic 
cavity dimension, left atrial cavity dimension, outflow 
tract obstruction and functional class after adjusting for 
age. 19 The regression line relating wall thickness to age 
in the group with AF was not assumed to have the same 
slope as that in the control group. A 2-tailed p value 
0.05 was considered statistically significant. ` 


RESULTS 

Left ventricular morphology: The 46 patients with 
chronic AF and the 81 control patients in normal sinus 
rhythm were compared with regard to magnitude of LV 
hypertrophy. Mean values for maximal LV wall thick- 
ness were significantly lower in the patients with AF 
(18 + 2 mm) than in those in sinus rhythm (22 -6 
mm; p <0.001) (Figure 1), and ranged from 14 to 24 
mm and from 14 to 41 mm, respectively, LV wall thick- 
ness index (a measure of the overall extent of LV hyper- 
trophy) was also lower in patients with AF (56 + 7 
mm) than in control patients (67 + 16 mm: p <0.001) 
(Figure 1). Furthermore, mild and localized hypertro- 
phy (maximal wall thickness <17 mm confined to only 
1 LV segment)?°! was significantly more frequent in 
patients with chronic AF (29 of 46, 63%) than in con- 
trol patients (29 of 81, 36%; p= 0.005). Comer? 








cularly marked and diffuse LV hypertrophy (maxi- 
wall thickness 230 mm, or wall thickness 225 mm 
2 ventricular segments)°2! was identified in 13 
_ control patients (16%), but in none of the patients with 






























“FIGURE. 2. Stop-frames of 2-dimensional echocardiograms 
_ obtained in parasternal long-axis view during diastole (A and 
: nS aae (0) Work 2 patents with bypertro- 


LV morphology was remarkably similar among our 
study patients with AF, because hypertrophy was rela- 
tively mild and mainly involved (or was confined to) the 
anterior portion of the ventricular septum (Figures 2 
and 3). The anterior portion of the septum was the 
thickest segment in 39 patients (85%) and was the only 
hypertrophied segment in 23 (50%). 

Left atrial size was greater in patients with AF (56 
+ 9 mm, range 40 to 85) than in control patients (44 + 
8 mm, range 26 to 65; p <0.001). LV end-diastolic cavi- 
ty dimension was also greater in patients with AF (47 + 
7 mm, range 38 to 67) than in control patients (43 + 7 
mm, range 31 to 61; p <0.005). 

Changes in left ventricular morphology during fol- 
low-up: In the subgroup of 22 study patients with AF 
and echocardiographic follow-up of =4 years (up to 10, 












FIGURE 3. Cupane of 2-dimensional echocardiogram. ob- 
tained during diastole in parasternal short- (A) and long- (B) 
axis, and apical 4-chamber (C) views in a patient with hyper- 
trophic cardiomyopathy and chronic atrial fibrillation. Lett 
ventricular hypertrophy is mild (maximal wall thickness 16 
mm), and atria are dilated. RA = right atrium; other abbrevia- 
tions as in Figure 2. 
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brillation, andi in. Patients with Hypertrophic Cardiomyopathy 


| and N Normal Sinus Rhythm (range 5 to 14 mm). In these patients, r 


thickness at the initial examination- was Menilai i 
greater (23 + 4 mm) than in the remaining 17 (18 +3 _ 
mm; p= = 0.005). LV wall thickness index also decreased 
significantly sony sate in this sub c 














l <46 81 
Age tyr) 554 13 42 +15 <0.001 
Men/women 27 (59%)/19 (41%) 46 (57%)/35 (43%) ` NS 
LV outflow 9 (20%) 28 (35%) NS 
obstruction* 
Left atrium 5629 
simm | 
Bee F <0.005 | within normal Smita (<52 aa in 20 patie a 
diameter 
Ceaiey and was increased in only 2 (te 60 and 67 mm, r pec- 
NE NETA tively). Left atrial cavity dimension also increased sig- 
nificantly during follow-up (51 + 8 to 56 + 9 mm; P 
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AF = atrial fibrillation; LV = left ventricular; NS = not significant, SR = sinus | 
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and functional findings: Clinical and func- 

ngs in the 46 patients with chronic AF and in 
control patients in normal sinus rhythm are listed 
able I. By selection, severity of symptoms in the 
| patients was similar to that of the patients with 
evalence of outflow obstruction under basal con- 

_ ditions was not significantly different in patients with 






46, 20%) from that in control patients in sinus 
rhythm (28 of 81, 35%; p >0.05). 
Patients with AF were significantly older than were 
-control patients (55 + 13 vs 42 + 15 years; p <0.001). 
Furthermore, multiple logistic regression analysis iden- 
tified age as a predictor of AF independent of LV dia- 
«stolic cavity dimension, left atrial size, outflow obstruc- 
tion and functional class (p <0.04). Therefore, we used 
; multivariate linear regression analysis to assess the pos- 
-sible influence of age on the magnitude of LV hypertro- 
phy i in the 2 study groups. In the patients with normal 
sinus rhythm, there was an inverse relation between hy- 
_pertrophy and age; maximal LV wall thickness had an 
_ average decrease of 0.15 mm for each year of age (p 
- €0.02 for the slope being different from 0; r = —0.41 
for the correlation between wall thickness and age) 
‘(Figure 4). The mean difference in maximal wall thick- 
-ness between the younger (<30 years) and older (>60) 
control patients was 7 + 2 mm. In contrast, the patients 
with chronic AF had no difference in wall thickness 
_ with increasing age (p >0.8 for the slope being different 
from 0; r = 0.16 for the correlation between wall thick- 
ess and age); the slope of maximal wall thickness 
| age was virtually 0 (Figure 4). This statistical 
del also identified a difference in wall thickness be- 
ee patients with AF and control patients across a 
_ wide range of ages, with the difference being greatest in 
the younger patients; wall thickness was similar between 
the 2 groups in patients aged >60 years (Figure 4). 


: DISCUSSION 
ae ` Morphologic and functional features in patients 
with atrial fibrillation: The results of the present study 
show that most patients with HC who develop chronic 
_ AF have the nonobstructive form of the disease, and 
mild LV hypertrophy. Approximately 20% of the study 
-patients with AF had subaortic obstruction under basal 
conditions, a prevalence of obstruction similar to that 
generally reported for patients with HC.” Patients with 
chronic AF had substantially lower maximal LV wall 
thickness and wall thickness index, as well as a larger 
LV cavity, than did control patients with HC in normal 
¿sinus rhythm. Furthermore, as a group, patients with 
_ AF had remarkably similar magnitude and distribution 
_of LV hypertrophy, with mild hypertrophy usually con- 
fined to the anterior portion of the septum. This small 
: variability in LV morphology is also well described by 
the fact that the standard deviations for measurements 
of wall thickness in the patients with AF were one third 
_of those in control patients in normal sinus rhythm. 
Changes in left ventricular during fol- 
_ low-up: The echocardiographic findings during follow- 
_ up suggest that the mild and localized LV hypertrophy 














identified in most patients with HC and chronic AF 
may result from progressive LV wall thinning. Almost 
25% of the study patients followed for 24 years had 
marked wall thinning. Furthermore, patients with this 
morphologic development had more marked hypertro- 
phy at the initial echocardiographic examination than 
did other patients with AF. This suggests that some pa- 
tients with mild LV hypertrophy at the initial examina- 
tion may have undergone a process of wall thinning be- 
fore entry into the study. Indeed, we previously showed 
that progressive LV wall thinning occurs in a signifi- 
cant minority of patients with HC and severe symp- 
toms.'4!5.22 Necropsy and thallium-201 myocardial 
perfusion studies indicate that this morphologic develop- 
ment probably results from extensive fibrous tissue for- 
mation.*3-76 In addition, the inverse relation between 
age and wall thickness that has been observed in a large 
population of adult patients with HC suggests that ag- 
ing may be associated with LV wall thinning’ in this 
disease.” However, in the present study, multivariate 
regression analysis showed that age was unrelated to 
wall thickness in patients with chronic AF, whereas it 
confirmed our previous finding of an inverse relation be- 
tween wall thickness and age in control patients in sinus 
rhythm.?° 

At present, the mechanisms responsible for the 
strong relation we identified between mild LV hypertro- 
phy and chronic AF in patients with HC remain specu- 
lative. Because patients with LV wall thinning usually 
have severe LV dysfunction and elevated filling pres- 
sures,!5 it is possible that the high left atrial pressures 
lead to atrial dilatation and therefore predispose these 
patients to the development of AF. 
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tachycardia. Exaggerated hypertensive responses have been reported from use. of 
B-adrenergic antagonists with a-adrenergic stimulants, including those in.OTC cold 
remedies and vasoconstrictive nasal drops. Nonsteroidal antiinflammatory: drugs may 
biunt-antinypertensive effects of beta-blockers: 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Chronic oral. toxicity studies 
in rats and mice, at: doses 18 times the maximum recommended (60 kg) buman dose. 
did nat indicate carcinogenic potential tor SECTRAL. Diacetolal he major metabolite. 
in man, was without carcinogenic potential in rats at doses up to-1800 mo/ka/d, 
SECTRAL and -diacetolol also had no mutagenic petential inthe Ames Test. No 
significant impact on reproductive performance or fertility was found. in rats following 
SECTRAL or diacetolol doses of up to 240 or 1000.mg/kg/d; respectively. < 
Pregnancy: Teratogenic: Effects: Pregnancy Category B: No teratogenic effects were-.. 
seen in rat or rabbit reproduction studies utilizing SECTRAL doses that were, 
respectively, approximately 31.5 and 6.8 times the maximum recommended- human 
dose At this dose in the rabbit, slight fetal growth retardation was noted; this was 
consitiered to be a result of maternal toxicity (evidenced by reduced food intake; 
lowerad rate of body weight gain, mortality). Diacetolol studies (doses up to'450 
mg/kg/d in rabbits and up to 1800 mg/kg/d in rats) showed no-evidence of fetal harm. 
other than a significant elevation in postimplantation loss with 450 mg/kg/d, a level at ~ 
which food consumption and body weight gain were reduced in rabbit dams; there 
was 4 nonstatistically significant increase in incidence cf bilateral cataract in rat 
fetuses from dams treated with 1800 mg/kg/d. There are no adeguate and. well- 
controlled trials in pregnant women, SECTRAL should be used during pregnancy: only 
if potential benefit justifies risk to the fetus. 
Nonteratogenic Effects: Human studies indicate that aceputolol and diacetalo}. cross 
the placenta. Neonates of mothers who received acebuioiol during pregnancy have. 
reduced birth weight, decreased biood pressure, and decreased heart rate. 
Labor and Delivery: Effect on labor and delivery in pregnant women is unknown, 
Animal studies have shown no effect of SECTRAL on the usual course of labor and 
delivery. 
Nursing Mothers: Acebutolol and diacetolol appear in breast milk (milk: plasma ratio 
of 7. tand 12.2, respectively), Use in nursing mothers is not recommended. 
Pediatric Use: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS: SECTRAL is well tolerated in properly selected patients, 
Most adverse effects have been mild, nat required therapy discontinuation, and” 
tended to decrease as treatment duration increases. 

The incidence of treatment-related side effects (volunteered and elicited) derived 
from U.S. controlled clinical triais in patients with hypertension, angina and arrhythmia 
follows. Numbers represent percentage incidence for SECTRAL (N = 1002) versus 
placebo (N=314), respectively. 

Cardiovascular: Chest pair: 2%, 1%; Edema 2%, 1%. CNS: Depression: 2%, 1%; 
Dizziness 6%, 2%; Fatigue 11%, 4%; Headache 6%, 4%; Insomnia 3%, 1%; Abnormal 
dreams 2%, 1%. Dermatologic: Rash 2%, 1%. Gastrointestinal: Constipation 4%, 0%; 
Diarrhea 4%, 1%: Dyspepsia 4%, 1%; Flatulence 3%, 1%: Nausea 4%, 0%. 
Genitourinary: Micturition (frequency) 3%, <1%. Musculoskeletal; Arthraigia 2%, 2%: 
Myaigia 2%, 0%. Respiratory: Cough 1%, 0%; Dyspnea 4%, 2%, Rhinitis 2%, <1%. 
Special Senses: Abnormal Vision 2%, 0%. 

The following selected (potentially important) side effects were seen in up to 2% of 
SECTRAL patients: Cardiovascular: hypotension, bradycardia, heart failure. GNS: 
anxiety hyper/hypoesthesia, impotence. Skin: pruritus. Gastrointestinal vomiting, 
abdominal pain. Genitourinary: dysuria, nocturia. Liver and Biliary: small number of 
reported cases of liver abnormalities (increased SGOT, SGPT, LDH). In some cases, 
increased bilirubin or alkaline phosphatase, fever, malaise, dark urine, anorexia,” 
nausea, headache, and/or other symptoms have baen reported. In-some.cases,, 
symptoms and signs were confirmed by rechallenge. Abnormalities were reversible 
upomdrug cessation. Musculoskeletal: back and joint pain. Respiratory: pharyngitis, ` 
wheezing. Special Senses: conjunctivitis, dry eye, aye pain. Autoimmune extremely 
rare reports of systemic lupus erythematosis. 

Incidence of drug-related adverse effects (volunteered and solicited). based on 
SECTRAL dose is shown below. (Data from 266 hypertensive patients treated for 3 
months on a constant dose.) 








400 mg/day 800 mg/day 1200 mg/day. 
Body System (N = 132) (N = 63) (N= 71) 
Cardiovascular 5% 2% 1% 
Gastrointestinal 3% 3% i 7% 
Musculoskeletal 2% 3% 4% 
Central Nervous System 9% 13% 17% 
Respiratory 1% 5% 6% 
Skin 1% 2% 1% 
Special Senses 2% 2% 6% 
Genitourinary 2% 3% 1% 


Potential Adverse Effects: Certain adverse effects not listed above have been 
reported with other 6-biocking agents and shouid be-considered. as potential adverse 
étfects of SECTRAL. ` 

CNS: Reversible mental depression progressing tc catatonia, an acute syndrome 
characterized by disorientation for time and place, short-term: memory loss, emotional 
lability, slightly clouded sensorium, and decreased performance on neuro- 
psychometrics. 

Cardiovascular: intensification of AV block (see CONTRAINDICATIONS). Allergic: 
Erythematous rash, fever with aching and sore threat, laryngospasm, respiratory 
distress. 

Hematologic: Agranulocytosis, nonthrombecytepeni¢ and thrombocytopenic purpura: 
Gastrointestinal: Mesenteric:arterial thrombosis, ischemic colitis: 

Miscellaneous: Reversible alopecia, Peyronie's disease. The aculomucocutaneous 
syndrome associated with praciglol has not-been reported with SECTRAL. 

Keep at room temperature, Approximately 25°C (77°F). 
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The accurate quantification of right ventricular 
(RV) mass has eluded conventional imaging mo- 
: dalities. Accordingly, cine magnetic resonance im- 
_ aging was used for quantification of RV as well as 
_ left ventricular (LV) mass in 10 normal subjects 
_and in 10 patients with dilated cardiomyopathy 

with an LV ejection fraction <0.40. Hearts were 
imaged with 10 mm thick short-axis slices from 
apex to base with a short echo delay time of 5 ms. 
_ Each slice was partitioned into 3 sections: RV free 
wali, ventricular septum and LV free wall, for cal- 
culation of end-diastolic and end-systolic mass 
and LV:RV free wall ratio. RV end-diastolic mass 
. in normal subjects was 45 + 8 g, which was simi- 
lar to the values determined in previously pub- 
lished postmortem studies, mean 46 g (range 23 
)- The value determined in patients with dilat- 
cardiomyopathy was higher (50 + 11 g), but 
difference was not significant. LV:RV free 
io in cardiomyopathy (3.6 + 1.0) was 
than in normal subjects (2.4 + 0.3), be- 
use of the greater LV free wall mass in dilated 
cardiomyopathy, where LV free wall. end-diastolic 
mass was 173 + 40 g vs 107.1 + 19.9 g in nor- 
_mal subjects (p <0.05). RV mass measurements 
had 6.4 + 3.6% interobserver and 7.3 + 6.1% in- 
traobserver variability. There were no significant 
‘differences between end-diastolic and end-systolic 
mass measurements. Thus, cine magnetic reso- 
nance imaging can reproducibly calculate RV 
mass. The values in normal subjects correspond 
to previously reported postmortem values for a 
. population without heart disease. 
(Am J Cardiol 1992;69:1223-1228) 
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: Measurement of Right Ventricular Mass in 


: Normal and Dilated Cardiomyopathic Ventricles 
~ Using Cine Magnetic Resonance Imaging 


l E. Doherty ill, MD, Naoya Fujita, MD, Gary R. Caputo, MD, and Charles B. Higgins, MD 


ecently, it has been shown that in vitro right ven- 

tricular (RV) mass can be accurately measured 

postmortem with spin-echo magnetic resonance 
imaging (MRI).' Further interest in the measurement 
of RV mass was stimulated by the in vivo measurement 
of RV mass by ultrafast computed tomography.* Be- 
cause MRI also is based on tomographic imaging, but is 
more available than ultrafast computed tomography, 
the current study sought to assess the capability of cine 
MRI to measure RV mass in normal subjects and in 
patients with dilated cardiomyopathy. Values calculated 
from cine MRI were compared with normal values es- 
tablished by postmortem studies. RV mass measure- 
ments in dilated cardiomyopathy have not been previ- 
ously reported. 


METHODS 

Study subjects: The study group included 10 normal 
volunteers, aged 25 to 56 years, and 10 patients with 
dilated cardiomyopathy, aged 34 to 73 years. The diag- 
nosis of dilated cardiomyopathy was based on clinical 
information and 2-dimensional echocardiographic. or 
scintigraphic measured ejection fraction <0.40. All pa- 
tients were considered to be in New York Heart Associ- 
ation Class II (n = 3) or IH (n =-7). No patients had 
significant valvular regurgitation. The cine MRI studies 
were approved by the Human Research Committee at 
the University of California, San Francisco, and all sub- 
jects gave informed consent. 

imaging technique: Cine MRI was performed with 
a commercially available 1.5T superconducting magnet 
(General Electric, Milwaukee, Wisconsin). Cine MRI 
was recorded in the short-axis plane? with gradient refo- 
cused echoes with a short echo delay time of 5 ms, TR 
of 32 ms, and flip angle 30° in 10 mm slices of the heart 
from apex to base. No gap between slices was accom- 
plished by interdigitating slices on alternating acquisi- 
tions. Two slices were acquired on each acquisition. To 
encompass the entire right ventricle, 8 to 12 tomograph- 
ic levels were acquired for each study. 

image analysis: Images were analyzed independent- 
ly by 2 observers off-line on a Signa console (General 
Electric, Milwaukee, Wisconsin). Standardized. width 
and level settings were used for image display to trace 
epicardial and endocardial borders for each slice. To ; 
accurately define edges, signal intensity region-of-i r- 
est measurements were obtained on each image for RV 
free wall, chest wall, RV inferior wall, liver, RV cavity, 
interventricular septum, LV free wall, LV. cavity and 
lung. Levels were set at myocardial signal intensity + 
0.15 X signal intensity of the adjacent surface. Widths 
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“TABLE -Right Ventricular Mass and Free Wall Thickness in 
Normal Subjects.and in Patients with Dilated Cardiomyopathic 























Ventricles Hearts | 
Dilated E Dilated 
Normal Cardiomyopathy Normal Cardiomyopathy 
: a ie | (%) (%) 

RV free wall end-diastolic mass 44.64 7.8¢ 497 + 112¢ : 4 
RV free wall end-systolic mass 44.3 + 7.08 49.34 118g RV free wall end-diastolic mass 41427 6.7 + 4.6 
interventricular septum end- 53.8 + 12.22 76.4 * 12.8 g* RV free wail end-systolic mass B02 3.2 6.4 + 3.6 

diastolic mass Ventricular septurn end-diastolic @.l + 5.4 B34 6.1 
interventricular septum end- 52.2 + lile 73.6 + 10.7 g* mass 

systolic mass Ventricular septum end-systolic £0261 74a# 71 
LV free wall end-diastolic mass 107.1 419.92 173.2 + 40.0 gt mass 
LV free wall end-systolic mass 105.4 = 190g 175.3 + 39.3 gt LV free wall end-diastolic mass 5.3 + 4.0 6.4 %& 5.1 
LV/RY end-diastolic mass 2.4 £0.3 3.6 + L0* LV free wall end-systolic mass 4945 S4 EAI 
LV/RV end-systolic mass 24+ 0.2 3.5 + 0.9* LV: RV free wall end-diastolic 5.2% 5.0 8547.9 
RV free wall end-diastolic 3.8 = 0.3 mm 4.5 40.6 mm* mass 

thickness LV:RV free wall end-systolic §.5 = 4.9 9.6 + 6:7 
RV end-diastolic volurne 117+ 19m 1284 17 mi mass 

fp <0.0l;tp<05. O I RS ~~ eee 
Values are mean + standard devietion, H Values are mean + standard deviation. 
LY left ventricular; RV = right ventricular. j LV = left ventricular, RY = right ventricular. 
ee ale bs m md 











TABLE Ii Interobserver Variability of Mass Measurements in 
Normal Subjects. and in Patients with Di ated Cardiomyopathic 


























were set as the difference in signal intensity between 
adjacent surfaces. Images were analyzed independently 
by 2 observers and repeated 24 weeks later by the first 
observer. Myocardial volumes were calculated using 
Simpson’s rule. Mass was calculated by multiplying this 
value by the density of heart muscle, 1.055 g/ml. 
Each slice was partitioned into 3 sections: RV free 
wall, interventricular septum, and LV free wall for cal- 
culations of end-diastolic and end-systolic mass, Figure 
1 illustrates the partitioning of a typical midventricular 
slice. The method for partitioning the ventricular myo- 
cardium is shown in Figure 2. The RV free wall is parti- 









































_. FIGURE. 1. Midventricular slice of normal heart with endocar- 
«dial and epicardial edges traced and heart partitioned into 
right ventricular free wall, interventricular septum and left 

-ventricular free wall. 
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tioned by a line continuing from the RV cavity—inter- 
ventricular septal junction, continuing through to the 
epicardial RV free wall-interventricular junction point. 
Straight lines are drawn from the superior epicardial- 
septal junction and inferior epicardial-septal junction to 
the center of the LV cavity in order to partition the 
interventricular septum and LV free wall. Masses were 
summed for each segment from apex to base. 

Figure 1 is photographed at level, width and window 
settings appropriate for the anterior free wall, where the 
cross hair is placed. The lower free wall is not fully visu- 
alized in Figure 1 because it has a lower signal intensity, 





FIGURE 2. Middvetricilir slice of nar nal hart with indocar- 
dial and epicardial edges traced in silhouette to depict parti- 
toning of banet inte: rials “uA BA Woe Wall Setervectitexter 
septim and left voniriciiiar Iree wai 
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refore measured ata lower window level but 






















pa per E : : x TABLE IIl intraobserver Variability of Mass Measurements in- 
g to extrapolate from adjacent portions of Normal Subjects and in Patients with Dilated Carcionyoratnic ; 
ies: Values are expressed as mean + standard | 1°" 
ifferences between observers and observa- | Be Dilated 
mass and LV:RV free wall ratio were compared | =- Mermal Çardiomyapaihy 
5 A G, GE 
ident’s 2-tailed ¢ test with differences consid- |- 
cant at: P <0: 05. The interobserver and in- RV free wall erid-diastolic: mass 3.8 + Lg F3 t 6.1 ] 
T percent variability for each mass measure- RV free wall end-systolic mass 4:8 4 4:3 SAE 65 
was determined: as the quotient of the absolute Ventricular septum end-diastolic 764 6.80 6° (FOr BP: 
s of the difference between the 2 measurements and pis eo 
‘the mean of the 2 measurements.>* Linear regression ey ee: Ran ee G26 
analysis was performed to calculate interobserver and LV free wail end-diastolic mass 3.3 + 2.2 51239 
intraobserver reproducibility with standard error of the | (yiee wall end-systolic mass. 37 £27 49436 _ 
estimate (SEE) for each mass measurement and LV/ LV:RV free wall end-diastolic 46 + 3.8 7.3469 
mass 
LV:RV free wall end-systolic 4.7 #54 76 #407 
f mass 
- Table I lists mean values for RV free wall, interven- Values are mean + standard deviation. Í Le = 
36 cular septum and LV free wall end-diastoli can d end- LV = left ventricular; RV = right ventricular. cue 3 
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reproducibilities ventricular end-systolic (RVESM) and end-diastolic aa 
] or normai subjects (A, B) and patients with diated cardiomyopathy (C, D}. Correlation cote (R) were 
measurements. 
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oe were ‘no significant differences in mass measurements at 
- end-diastole compared with end-systole. Mean value for. 
RV free wall measurements at end-diastole in normal: 


‘volunteers was 45 + 8 g: LV:RV free wall mass ratio at 
end-diastole was 2.4 + 0.3. RV free wall thickness was 
3.8 + 0.3 mm. 

‘In dilated cardiomyopathy, RV free wall mass at 
end-diastole was slightly greater (50 + 11 g), but this 
was not significantly different than in normal hearts. 
RV free wall thickness in dilated cardiomyopathy was 
45.4 0.6 mm, which was significantly greater (p 
<0.01) than in normal subjects, 
<“ End-diastolic LV:RV free wall ratio in dilated car- 

-diomyopathic hearts was 3.6 + 1.0, which was higher 
than in normal hearts (p <0.01) because of higher LV 
amass (p <0.05), LV free wall mass at end-diastole in 

dilated cardiomyopathic ventricles was 173 + 40 g 
` compared with 107 + 20 g in normal hearts (p <0.05). 

Interventricular septal mass was greater in dilated car- 
diomyopathic hearts than in normal hearts. Interven- 
tricular septum end-diastolic mass in dilated cardiomy- 
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is presented in Tables II 


dilated pete tah ea 
had 6 + 4% interob- 


and HE RV mass measurem 





‘server: variability and 7 + 6% intraobserver variability. 


There was a trend suggesting more variability in dilated 
cardiomyopathic hearts than in normal hearts but the 
differences were not significant. Variability of RV mass 
measurements was not significantly different from that 
for LV mass. measurements. : 

Figures 3 and 4 show linear regressions, orre- 
lation coefficients and SEE, for interobserver (Figure 3) 
and intraobserver (Figure 4) reproducibility of RV end- 
diastolic and end-systolic mass measurements in normal 
and dilated cardiomyopathic hearts. Correlation coeffi- 
cients range from 0.93 to 0.99 and SEE ranges from 0.8 
to 4.5 g, confirming that the technique is highly repro- 
ducible. 





DISCUSSION 
This study is the first report of in vivo measuéement 
of RV mass using MRI. The study demonstrates that 
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cine IRI with short echo delay times can be wa to 
measure RV free wall mass with a high degree of repro- 





ducibili ty. Measurements of mass by cine MRI agree 
with necropsy measurements of RV free wall mass and 
L\ RV free wall ratios.” Mean value for RV free wall 
measurements in normal volunteers at end-diastole was 
8. Mean value for LV:RV free wall mass ratio 
i 4 + 0:3. These values are comparable to necrop- 
sy neasurements of RV free wall mass (mean 46 g, 
range 23-68) and LV:RV free wall ratio 1.9 in subjects 
aged <76 years and without evidence of heart disease.’ 
In contrast, ultrafast computed tomography reported 
slightly higher values for mean RV free wall mass, 55 + 
3 g in 7 young healthy male volunteers.” 

Cine MRI showed slightly higher values for RV 
mass in dilated compared with normal ventricles but 
these differences were not significant. However, RV 
free wall thickness was significantly greater in dilated 
cardiomyopathic hearts than in hearts of normal sub- 
jects. LV:RV free wall ratio in dilated cardiomyopathic 
hearts at end-diastole was significantly higher than in 
normal hearts due to a higher LV mass. The increase in 
LV mass in dilated cardiomyopathy has been shown 
previously with MRI.° Previous studies have shown a 
wide variability of RV mass and RV free wall thickness 
in patients with left-sided cardiac disease.” An echo- 
cardiographic evaluation of the RV wall thickness with 
proximate confirmation by postmortem measurements 
ated both increased and normal wall thickness in 

with LV cardiomyopathy.* The slight but not 
ant increase in RV free wall mass in patients 
ss II and III functional status in the current 
study is consistent with this variable occurrence of RV 
hypertrophy i in patients with dilated cardiomyopathy. 

The reproducibility data of the current study suggest 
that cine MRI is a highly reproducible technique for 
measurement of RV mass, with interobserver variabili- 
ties of 4 +: 3 to 7 + 5% and intraobserver variabilities of 
4 +2 to 7 + 6%. Furthermore, the variability of RV 
mass measurements was not significantly different from 
the variability: of LV mass measurements, which were in 
the range of interobserver variability reported by Se- 
melka et al>° for normal and dilated cardiomyopathy. 

_The most important technical refinement to enable 
measurement of RV mass by cine MRI was shortening 
of the echo delay time to 5 ms. Initial attempts at 
quantification of RV mass using an echo delay time of 
17 ms gave unsatisfactory edge discrimination and ex- 
cess slow-flow artifact for accurate delineation of RV 
borders. Earlier reports using spin-echo images with 
echo delay time of 34 ms measured RV free wall thick- 
ness but did not report RV free wall mass and were only 
able to give a clear image of 68% of the RV free wall.’ 

‘There were a few areas of the heart where measure- 
ment of RV mass by cine MRI was difficult. The RV 
apex usually, but not always, extended to the level of 
the LV apex. When the 2 ventricles shared the apex and 
no cavity was present, assignment of mass to right or 
left ventricle was inferred by comparison to adjacent 
levels. Other areas of difficulty were identifying the bor- 
ders of the pulmonic and tricuspid valves. The valves 















were not usually seen, although their position could be 
ascertained by differences in flow between right atrium, 
right ventricle and pulmonary artery. However, this in- 
formation itself was not usually necessary to determine 
where the RV muscle stopped. The inferior border of 
the right ventricle could sometimes be clearly distin- 
guished from the liver, but usually the difference in sig- 
nal characteristics between inferior RV myocardium 
and liver was small and it was then necessary to extrap- 
olate from RV free wall to the inferior wall adjacent to 
the septum, which was well delineated from other struc- 
tures. The conus section of the right ventricle was readi- 
ly defined and this portion was included in the measure- 
ments. 

The accuracy of nontomographic techniques for the 
estimation of RV mass is limited. The electrocardio- 
gram is very insensitive for RV hypertrophy and is a 
poor predictor of absolute RV mass.'°!! Surface echo- 
cardiography is limited by poor resolution due to inade- 
quate acoustical windows and therefore gives poor esti- 
mates of RV mass.!2-!5 Radionuclide ventriculography 
cannot assess RV wall thickness or mass.!'8 Biplane 
angiography cannot determine RV mass or wall thick- 
ness due to overlap with LV mass.!920 

RV mass measurements may be useful for monitor- 
ing the effects of therapy in patients with right-sided 
cardiac diseases?! or pulmonary hypertension.” It has 
also been speculated that RV mass may be an impor- 
tant prognostic measurement in some diseases, particu- 
larly chronic obstructive pulmonary disease. A full as- 
sessment of RV function, including volumes, ejection 
fraction and mass, is now possible with either ultrafast 
computed tomography”? or MRI.?425 

The response of the right ventricle to diseases affect- 
ing the left ventricle can be studied with these tomo- 
graphic techniques. The current study showed slightly 
greater RV mass in dilated cardiomyopathy. The mea- 
surement of RV mass in hypertensive LV hypertrophy 
and hypertrophic cardiomyopathy should be studied to 
see how these conditions influence the right ventricle. 
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co BRIEF SUMMARY (FOR FULL PRESCRIBING 
“INFORMATION, SEE PACKAGE INSERT) 


` INDICATIONS AND USAGE 
j 


on 
Lopressor tablets are indicated for the treatment of hyperten- 
sien. They may be used alone or in combination with other 
antihypertensive agents. 
Angina Pectoris f 
Lopressor is indicated in the long-term treatment of angina 
pectoris. 
Myocardial infarction f y; 
Lopressor ampuls and tablets are indicated in the treatment of 
hemodynamically stable patients wits definite or suspected 
acute myocardial infarction to reduce cardiovascular mortality. 
Treatment with intravenous Lopressor can be initiated as soon 
‘as the patient's clinical condition allcws (see DOSAGE Al 
ADMINISTRATION, CONTRAINDICGATIONS, and WARNINGS). 
Alternatively, treatment can begin within 3 to 10 days of the 
acute event (see DOSAGE AND ADMINISTRATION). 


CONTRAINDICATIONS 

Hypertension and Angina ; . 

Lopressor is contraindicated in sinus bradycardia, heart block 

: greater than first degres, cardiogenic shock, and overt cardiac 
ilure (see WARNINGS). 

Myocardial infarction f 

Lopressor is contraindicated in patients with.a heart rate < 45 

beats/min; second- and third-degree heart block; significant 

first-degree heart block (P-R interval = 0.24 sec); systolic 

blood pressure < 100 mmHg: or moderate-to-severe cardiac 

failure (see WARNINGS). 


WARNINGS 

Hypertension and Angina — : i 

Cardiac Failure: Sympathetic stimuiation is a vital component 
supporting circulatory function in congestive heart failure, and 
beta blockade carries the potential hazard of further depressing 
myocardial contractility and precipitating more severe failure. 
“in hypertensive and angina patients who have congestive heart 
failure controlled by digitalis and diuretics, Lopressor should 
be administered cautiously: Both digitalis and Lopressor slow 


AN-conduction.: f 
oo Jig Patients Withoat a History of Cardiac Failure: Continued 
depression of the myocardium with beta-blocking agents over 
: a period of time can, in some cases, lead to cardiac failure. At 
the first sign or symptom of impending cardiac failure, patients 
should be fully digitalized and/or given a diuretic, The response 
ould be observed closely. H cardiac failure continues. de- 
te adequate digitalization and diuretic therapy, Lopressor 
should be withdrawn, 


‘Ischemic Heart Disease: Following abrupt cessation of 
therapy with certain beta-blocking agents, exacerbations 
of angina pectoris and, in some-cases. myocardial infarc- 
tion have occurred. When discontinuing chronically 
“| administered Lopressor, particularly in patients with isch- 

-“gmic heart disease, the dosage should be gradually 
reduced over.a period of 1-2 weeks and the patient should 
be carefully monitored. if angina markedly worsens or. 
acute raced insufficiency develops. Lopressor admin- 
istration should be reinstated promptly, at least tem- 

:: porarily, and other measures appropriate for the manage- 
ment of unstable angina should betaken. Patients should 
be warned against interruption or discontinuation of 
therapy without the physician's advice. Because coronary 
artery disease is common and may be unrecognized, it 
may be prudent not to discontinue Lopressor therapy 
abruptly even in patients treated only for hypertension. 


«Bro astic Diseases: PATIENTS WITH BRONCHO- 
SPASTIC DISEASES SHOULD, IN GENERAL, NOT RECEIVE 
BETA BLOCKERS. Because of its relative beta, selectivity, 
however, Lopressor may be used with caution in patients with 
bronchospastic disease who do not respond to, or cannot 
itolerate, other antihypertensive treatment. Since beta, 
selectivity is not absolute, a beta,-stimuiating agent should 
be administered concomitantly, ard the lowest possible dose 
of Lopressor should be used. in these circumstances it would 
be prudent initially to administer Lopressor in smaller doses 
three times dally, instead of larger doses two times dally, to 
‘os avoid the higher plasma levels associated with the longer 
». dosing interval. (See DOSAGE ANG ADMINISTRATION.) 

Major Surgery: The necessity or desirability of withdrawing 
beta-blocking therapy prior to major surgery is controversial; 
the impaired. ability of the heart to respond to reflex adrenergic 
stimuli may augment the risks of general anesthesia and sur- 
gical procedures. à 

* Lopressor, like other beta blockers, is a competitive inhibitor 
of beta-receptor agonists, and its e“fects can be reversed by 
administration of such agents, e.g., dobutamine or iso- 
protereno!. However, such patients may be subject to 
protracted severe hypotension. Difficulty in restarting and 
maintaining the heart beat has also been reported with beta 

blockers. 

Diabetas and Hypoglycemia: L.coressor should be used 





















c with caution in diabetic patients if a beta-blocking agent is 


“paquired, Beta blockers may mask tachycardia occurring with 
: < Rypagivcatnia, ‘but other manifestations such as dizziness and 
‘sweating may not de significantly affected, 
< Thyrotoxicosis: Beta-adrenergic blockade may. mask certain 
clinical signs (e.g, tachycardia) of hyperthyroidism. Patients 
suspected of developing thyrotoxicosis should be managed 
> garefully to avoid abrupt withdrawa’-of beta blockade, which 
might precipitate a thyroid storm. 
‘Myocardis! infarction pbc? aay ao 
Cardiac Failure: Sympathetic stimslation is a vital component 
supporting circulatory function, and beta blockade-carries the 
potential hazard of depressing myocardial contractility and pre- 
cipitating or exacerbating minimal cardiac failure. 

During treatment with Lopressor. the hemodynamic status of 
the patient should. be caretully monitored. If heart failure oc- 
cursor pesis despite appropriate treatment, Lopressor 
should be discontinued. 


© Bradycardia: Lopressor produces a decrease in sinus heart: 


rate in most patients, this decrease is greatest among patients 
with high initial heart rates and least among patients with low 
initial heart rates. Acute myecardial intarction (particularly in- 
‘ferior infarction) may in itseif produce significant lowering of 
the sinus rate. Ifthe sinus rate decreases to < 40 beats/min, 
particularly if associated with evidence of lowered cardiac out- 
put, atropine (0.25-0.5 mg) should be administered 
intravenously. If treatment with atropine is not successful, 
Lopressor should be discontinued, and cautious administration 
of isoproterenol or installation of a cardiac pacemaker should 
be considered. : 

AV Block: Lopressor slows AV conduction and may produce 
significant first- (P-R interval =0.26 sec), second- or third- 
degree heart block. Acute myocardial infarction also produces 
heart block. 

if heart block occurs, Lopressor should be discontinued and 
atropine (0.25-0.5 mg) should be administered intravenously. 
If treatment with atropine is not successful, cautious adminis- 
tration of isoproterenol or installation cf a cardiac pacemaker 
should be considered. 

Hypotension: If hypotension (systolic blood pressure = 90 
mmHg) occurs, Lopressor shouid be discontinued, and the 
hemodynamic status of the patient andthe extent of myocardial 
damage carefully assessed. Invasive monitoring of centrai ven- 
ous, pulmonary capillary wedge, and arterial pressures may be 
required. Appropriate therapy with fluids, positive inotropic _ 
agents, balloon counterpulsation, or other treatment modalities 
should ba instituted. If hypotension is associated with sinus 
bradycardia or AV block, treatment shauld be directed at re- 
versing these (see above). 

Bronchospastic Diseases: PATIENTS WITH BRONCHO- 
SPASTIC DISEASES SHOULD, IN GENERAL, NOT RECEIVE 
BETA BLOCKERS. Because of its rotative beta, selectivity, 
Lopressor may be used with extreme caution in patients with 
bronchospastic disease. Because it is unknown to what ex- 
tent beta,-stimulating agents may exacerbate myocardial 
ischemia and the extent of infarction, these agents should 
not be used prophylactically, H bronchospasm not related to 
congestive heart fallure occurs, Lopressor should be discon- 
tinued. A theophylline derivative or abeta, agonist may be 
administered cautiously, depending on the clinical condition 
of the patiant. Both theophyliine derivatives and beta, agon- 
ists may produce serious cardiac arrhythmias. 


PRECAUTIONS 

General i 

Lopressor should be used with caution in patients with im- 
paired hepatic function. 

information tor Patisnts 

Patients shouid be advised to take Lopressor regularly and 
continucusly, as directed, with or immediately following meals. 
It a dose should be missed. the patient should take only the 
next scheduled dose (without doubling it). Patients should not 
discontinue Lopressor without consulting the physician. 

Patients should be advised (1) to aveid operating auto- 
mobiles and machinery or engaging imother tasks requiring 
alertness until:the patient's response to therapy with Lopressor 
has been determined; (2) tc contact the physician if any difti- 
culty in breathing occurs; (3) to inform the physician or dentist 
before any type of surgery that he or she is taking Lopressor, 
Laboratory Tests i 
Clinical laboratory findings may include elevated levels of 
serum transaminase, alkaline phosphatase, and lactate 
dehydrogenase. 

Drug Interactions - 
Catechoiamine-depleting drugs (e.g., reserpine) may have an 
additive effect when given with deta-biocking agents. Patients 
treated with Lopressor plus a catecholamine depletor should 
therefore be closely obserwed for evidence of hypotension or 
marked bradycardia, which may produce vertigo, syncope, or 
postural hypotension. 

Risk of Anaphylactic Reaction. White taking beta-blockers, 
patients with a history of severe anaphylactic reaction to a 
variety of allergens may be-more reactive to repeated chal- 
lenge, either accidental, diagnostic, or therapeutic, Such 
patients may be unresponsive to the usual doses of epinephrine 
used to treat allergic reaction, 

Carcinogenesis, Mutagonasis, mpa rmen ot Fertility 
Long-term studies in animals have been conducted to evaluate 
carcinogenic potential, in a 2-year study in rats at three oral 
dosage ‘evels ot up to 800 mg/kg per day, there was no in- 
crease in the development of spontaneously occurring benign’ 
or malignant neoplasms of any type. The only histologic 
changes that appeared to be drug related were an increased 
incidence of generally mild toca! accumulation of foamy mac- 
rophages in pulmonary alveoli and a sight increase in biliary 
hyperplasia. in a 21-montt study in Swiss albino mice at three 
oral dosage levels of up to 750 mg/kg per day, benign tung 
tumors (small adenomas) occurred more frequently in female 
mice receiving the highest dose than in untreated control ani- 
mais, There was no increase in malignant or total (benign plus 
malignant) lung tumors, ner in the overall incidence of tumors 
or malignant tumors. This 21-month study was repeated in 
CD-1 mice, and no statistically or biolagically significant dif- 
ferences were observed between treated and control mice of 
either sex for any type of tumor 

All mutagenicity tests performed (dominant lethal study in 
mice, chromosome studies in somatic. cells, a Saimoneila/ 
mammalian-microsome mutagenicitytest, and a nucleus 
anomaly test in somatic interphase nuclei) were negative. 

No evidence of impaired fertility due to Lopressor was ob- 
served in a study performed in rats at doses up to 55.5 times 
the maximum daily human dose of 450 mg. 

Pragnancy Category C 

Lopressor has been shown to increase postimplantation loss 
and decrease neonatal survival in rats. at doses up to $5.5 times 
the maximum daily human dose of 480 mg. Distribution stud- 
ies in mice confirm exposure of the fetus when Lopressor is 
administered to the pregnant animal. These studies have 
revealed no evidence. of impaired fertility or teratogenicity. 
There are no adequate and -well-contrelled studies in pregnant 
women. Because animal reproduction studies are not always 
predictive of human response, this dug should be-used during 
pregnancy only if clearly needed. 

Nursing Mothers ; 

Lopressor is-excreted in breast milk in very small quantity. An 
infant consuming 1 liter of breast milk daily would receive a 
dose of less than 1 mg of the-drug, Caution should be exercised 
when Lopressor is-adminigtered to a aursing woman. 


Pediatr 





Safety and effectivaness in children have nat been established. > 
ADVERSE REACTIONS eae 
Hypertension. and Angina- : t : 
‘Most adverse effects have been mild and transient. 

Central Nervous System: Tiredness and dizziness have 
occurred in about Oof 100 patients. Depression has been 
reported in about 5 of 100 patients: Mental confusion and — 
short-term memory loss have Seen reported. Headache, night- 
thates,and insomnia have also been reported. i z 

jovascular: Shortness of breath and bradycardia have 
occurred in ' approximately 3 of 100 patients. Cold extremities, 
arterial insutficiensy, usually of the Raynaud typa: palpitations; 
congestive heart failure; per:pheral edema, and hypotension 
have been reported in aboutt of 100 patients. ne CON- 
TRAINDICATIONS, WARNINGS, and PRECAUTIONS.) 

Respiratory: Wheezing (bronchospasm) and dyspnea have 
been reported in about 1 of 100 patients (see WARNINGS). 

Gastrointestinal: Diarrhea has occurred in about 5 of 100 

atients. Nausea, wis mouth, gastric pain, constipation, 
atutance, and heartburn have been reported.in about 1 of 100 
patients, : 

Hypersensitive Reactions: Pruritus or rash have occurred in 
atom sol 100 patients. Worsening of psoriasis has also een 
reported. 2 

Miscellaneous: Peyronie's disease has been reported in 
fewer than 1 of 100,000 patients. Musculoskeletal pain, blurred 
vision, and tinnitus have aiso been reported. . : 

There have been rare reports of reversible alopecia, 
agranulocytosis, and dry eyes. Discontinuation of the drug 
should be considered if any such reaction is not otherwise 
expiicabie. 

he oculomucocutaneous syndrome associated with the beta 
blocker practolol has not been reported with Lopressor. 
Myocardial Infarction ; f 
Central Nervous System: Tiredness has been reported in 
about 1 of 100 patients. Vertigo, sleep disturbances, hallucina- 
tions, headache, dizziness, visual disturbances, confusion, 
and reduced libida have also been reported, but a drug reta- 
tionship is not clear. . 

Cardiovascular; in the randomized comparison of Lopressor 
and placebo described in the CLINICAL PHARMACOLOGY sec- 
tion, the following adverse reactions were reported: 


Lopressor Placebo 
Hypotension 27.4% 23.2% 
systolic BP 
< 90 mmHg) 
Bradycardia 15.9% 6.7% 
(heart rate 
< 40 beats/min) 
Second- or 4.7% 4.7% 
third-degree 
_ heart block 
First-degree 5.3% 1.9% 
heart block 
(P-R = 0.26 sec) 
Heart failure 27.5% 29.6% 


en ga Dyspnea of pulmonary origin has been re- 
ported in fewer than 1 of 100 patients. f 
Gastrointestinal; Nausea and abdominal pain have been 
reported in fewer than 1 of 100 patients. : : 

Dermatologic: Rash and worsened psoriasis have been re- 
ported, but a drug relationship is not clear. 

Miscellaneous: Unstable diabetes and claudication have 
been reported, but a drug relationship is not clear. 

Potential Adverse Reactions 
A variety of adverse reactions not listed above have been re- 
ported with other beta-adrenergic blocking agents and should 

e considered potential adverse reactions to Lopressor. 

Central Nervous System: Reversible mental depression 
progressing to catatonia, an acute reversible syndrome charac- 
terized by disorientation for time and place, short-term 
memory loss, emotional lability, slightly clouded sensorium, 
and decreased performance on neuropsychometrics. 

Cardiovascular: intensification of AV block (see CONTRA- 
INDICATIONS). 

yin Agranulocytosis, nonthrombocytapenic pur- 
pura, thrombocytopenic purpura. 

Hypersensitive Reactions: Fever combined with aching and 
sore throat, laryngospasm, and respiratory distress. 
OVERDOSAGE 
Acute Toxicity 
ee of averdasage have been reported, some leading 

o death. 

Oral LOso's (mg/kg); mice. 1158-2460; rats, 3090-4670. 
Signs and Symptoms 
Potential signs and symptoms associated with overdosage with 
Lopressor are bradycardia, hypotension, bronchospasm, and 
cardiac failure. 

Treatment 
There is no specific antidote. 

__ in general, patients with acute or recent myocardial infarc- 
tion may be more hemodynamically unstable than other p 
tients and should be treated accordingly (see WARNINGS, 
Myocardial infarction). 

‘On the basis of the pharmacologic actions of Lopressor, the 
following general measures should be employed: 

Elimination of the Drug: Gastric lavage should be 
performed. 

Bradycardia: Atropine should be administered. If there is-no 
response to vagal blockade, isoproterenol should be adminis- 
tered cautiously. 

Hypotension: A vasopressor should be administered, e.g., 
levarterenol or dopamine. 

onchospasm: A beta,-stimulating agent and/or a theo- 
phylling derivative should be administered. 
ardiac Failure: A digitalis glycoside and diuretic should be 
administered: in-shock resulting from inadequate cardiac con- 
tractility, administration of dobutamine, isoproterenol, or 


glucagon may be considered: 
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And a safer way to 
great cardiac imaging. 





Also available in a 35% concentration: OPTIRAY® 350 (ioversol injection 74%) 


Great cardiac visualization with 
the safety of lower iodine... 


A recent clinical study showed that OPTIRAY® 320 (ioversol injection 68%) 
provides equivalent image density when compared with contrast agents of 
higher iodine concentration. 


So OPTIRAY® 320 provides a means ' 
for reducing the amount of iodine 1939 
administered with no reduction in 
overall image quality. And a lower 
iodine dose may reduce the 
likelihood of renal dysfunction? 


Mean arterial density* 


194.1 


Omnipaque® 350* Isovue*-370t OPTIRAY® 320 
(350 mgi/mL) (370 mgi/mL) (320 mgi/mi.) 








lower viscosity... and lower osmolality. 


Viscosity (CPS at 37°C) Osmolality (mOsm/kg H,0) 


Isovue*-370t OPTIRAY” 320 Omnipaque® 350+ lsoyue*-3704 OPTIRAY® 320 





The low viscosity and greater flow OPTIRAY* 320 has the lowest 
rate of OPTIRAY* 320 mean easier osmolality of these nonionic 
hand injections and images contrast media. 

equivalent to contrast agents with 

a higher iodine concentration: 


Sometimes all you need is a little less, to get more. 


All nonionic iodinated contrast media currently available inhibit blood coagulation, in vitro, less than ionic contrast media. Clotting has 
been reported when blood remains in contact with syringes containing nonionic contrast media. Therefore, meticulous intravascular 
administration technique is necessary to minimize thromboembolic events. 


References: 
1. Kern MJ, Roth RA, Aguirre FV, Beauman G, Vogel R. Effect of viscosity and iodine concentration of nonionic radiographic contrast media on coronary arteriography in pa 
Am Heart J. 1992; 123:160-165. 2. Gomes AS, Baker JO, Martin-Paredero V, et al, Acute renal dysfunction after major arteriography. AJR, 1985; 148.1249-1253, 
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A safer wav to sreat imaging 


OPTIRAY ® 160 240 320 350 
(toversol injection) 
DESCRIPTION: Each miliiiter of OPTIRAY 160 (ioverso! injection 
34%) provides 339 mg of ioversol with 3.6 mg of tromethamine as a buffer 
and 0.2 ng of edetate calcium disodium as a stabilizer. OPTIRAY 160 pro- 
vides 16% (160 mg/mL} organically bound jodie. 

Each milliliter of OPTIRAY 240 (ioversol injection 51%) provides 509 mg 
of ioversol with 3.6 mg of tramethamine as a buffer and 0.2 mg cf edetate 
calcium disodium as a stabilizer, OPTIRAY 240 provides 24% (240 mg/ml.) 
organically bound iodine. 

ach mililiter of OPTIRAY 320 {ioversol injection 68%) provides 673 mg 
of iovergol with 3.6 mg of tromethamine as a buffer and 0.2 mg cf edetate 
Calcium disodium as a stabilizer. OPTIRAY 320 provides 32% (320 mg/mL} 
organically bound iodine. 

ach mililiter of OPTIRAY 350 (ioversal injection 74%) provides 741 mg 
ofioversol with 3.6 mg of tromethamine as a buffer and 0.2 mg ct edetate 
caicium disodium as a stabilizer. OPTIRAY 350 provides 35% (350 mgmL) 
organically bound iodine. 
CONTRAINDICATIONS: None. 
WARNINGS: Nonionic iodinated contrast media inhibit blood 
coagulation, in vitro, fess than ionic contrast madia. Clotting has been re- 
ported when blood remains in contact with sy"inges containing nonionic 
contrasbmedia. 

Serious, rarely fatal, thromboembolic events causing myocardial infarc- 
tion and stroke have been reported during angiographic procedures with 
both ionic and nonionic contrast media. Tharetore, meticulous intra- 
vascular administration technique is necessary, particularly during angio- 

raphicprocedures, to minimize thromboembolic events. Numerous 
factors, including length of procedure, catheter and syringe material, un- 
deriying:disease state and concomitant medications may contribute to the 
development of thromboembolic events. For these reasons, meticulous 
angiographic techniques are recommended imcluding close attention to 
guidewire and catheter manipulation, use of manifold systems and/or 
three-wzy stopcocks, frequent catheter flushing with heparinized saline 
solutions and minimizing the length of the procedure. The use of plastic 
sytinges in place of glass syringes has been reported to decrease but not 
eliminate the likelihood of in vitro clotting. 

Serious or fata! reactions have been associated with the administration of 
iodine-containing radiopaque media, it is of utmost importance to be com- 
pletely prepared to treat any contrast medium reaction. 

As with any contrast medium, serious neurologi sequelae, including 
permanant paralysis, can occur following cerebral arteriography, selective 
spinal arteriography and arteriography of vesse s supplying the sp:nal cord 
Acause-atfect relationship to the contrast medium has not been established 
since the patients’ pre-existing condition anc procedural technique are 
Causative factors in themselves. The arterial injection of a contrast medium 
should never be made following the administration of vasopressars since 
they strongly potentiate neurologic eftects. 

aution must be exercised in patients with severely impaired renal 
function, combined renal and hepatic disease. severe thyrotoxicosis, 
myelomatosis, or anuria, partieuiary when large doses are administered. 
intraxascularly administered iodine-containing radiopaque media are 
potentially hazardous in patients with multiple myeloma or other 
paraprotainemia, particularly in those with therzpeutically resistant anura 
Myeloma occurs most commonly in persons over age 40, Although neither 
the contrast agent nor dehydration has been proved separately to be the 
cause o! anuria in myelomatous patients, it hes been speculated that the 
combination of both may be causative. The risk in myelomatous patients is 
not a contraindication to the procedure; however, special precaut:ons, 
including maintenance of normal hydration and close monitoring, are 
required. Partial dehydration in the preparation of these patients orior 
to injection is not recommended since this may predispose the patient to 
pracipitation of the myeloma protein. 

Administration of radiopaque materials to patients known or suspected 
of having pheochromocytoma should be performed with extreme caution. 
ff in theopinion of the physician, the possible benefits of such procedures 
outweigh the considered risks, the procecures may be performed: 
however, the amount of radiopaque medium iryected should be kept to an 
absolute minimum. The blood pressure should 3e assessed throughout the 
procedure, and measures for treatment of a hypertensive crisis should 
be available. 

Contrast media may promote sickling in individuals who are homozygous, 
for sickle celi disease when administered intravascularly. 

Reports of thyroid storm following the intravascular use of iodinated 
radiopaque agents in patients with hyperthyroidism or with an auton- 
omousty functioning thyroid nodule. suggest that this additional risk be 
evaluated in MONS: before use of any contrast medium. 
PRECAUTIONS: General: Diagnostic procedures which involve the 
use of iodinated intravascular contrast agents should be carried out under 
the direction of persoane! skilled and experienced in the particular pro- 
cedure to be performed. A fully equipped emergency cart, or equivalent 
suppliesand equipment, and personne! competant in recognizing and treat- 
ing adverse reactions of all types should always be available, Since severe 
delayed reactions have been known to occur, emergency facilities and com- 
petent personne! should be available tor at feast 30 to 60 minutes after 
administration. 

Preparatory dehydration is dangerous and may contribute to acute renal 
failure in patients with advanced vascular disease, diabetic patients, and in 
susceptible non-diabetic patients {often elderly with pre-existing “enal 
disease), Patients shouid be well hydrated prior to and following the 
administration of OPTIRAY. 

The possibility of a reaction. Including serwus, life-threatening. tatal, 
anaphyiactoid or cardiovascular reactions, should always be coasid- 
ered (See ADVERSE REACTIONS). Increased tsk is associated with 2 his- 
tory of previous reaction to a contrast medium, a known sensitivity to iodine 
and known allergies (i-e., bronchial asthma, hay fever and food allergies) or 
hypersensitivities. 

The oxcurrence of severe idiosyncratic reactions has prompted the use of 
several aretesting methods. However. pretesting cannot de relied upon to 
pradict severe reactions and may itself be hazardous to the patent. itis 
Suggested that a thorough medical history wits emphasis on allergy and 
hypersesitivity, prior to the injection of any contrast medium, may be more 
accurate than pretesting in predicting potential adverse reactions. A posi- 
tive histary of allergies or hypersensitivity does not arbitrarily contrain- 
dicate ths use of a contrast agent when a diagnostic procedure is thought 
assentiai, but caution should be exercised, Premedication with antihis- 
famines or corticosteroids to avoid or minimize possible allergic reactions 
in such patients should be considered. Reports indicate that such pretreat- 
ment does not prevent serious life-threatening reactions, but may reduce 
path the: incidence and severity. 

Generai anesthesia may be indicated in the parformance of some proce- 
dures in selected patients; however, a higher incidence of adverse reactions 
nas beer reported in these patients, and may be attrioutable to the inability 
af the patient to identify untoward symptoms or to the hypotensive effect of 
anesthesia which can prolong the circulation time and increase the dura- 
non of exposure to the contrast agent 

in angiographic procedures. the possibility of dislodging plaques or 
damaging or perforating the vessel wail should be considered during cathe- 
ter manipulations and contrast medium injection. Test injections to insure 
proper catheter placement are suggested. 

Angicgraphy should be avoided whenever possible in patients with 
nomocy:tinuria because of the risk of inducing thrombosis and embolism. 

Patients with congestive heart failure should be observed for sev- 
eral hours following the procedure to detect delayed hemodynamic 
disturbances which may be associated with a transitory increase in 
the circuating osmotic load. 

Selectve coronary arteriography shouid be performed only in selected 
patients and those in whom the expected benef 's outweigh the procedural 








monary emphysema must be weighed against the nesess:ty for performing 
this procedure. 

Extreme cautior during injection of a contrast medium is necessary to 
avoid extravasation. This is especially «portant in patients with severe 
arterial or venous disease. 

Drug interactions: Renal toxicity has teen reported in a few patients with 
liver dysfunction who were given oral chclecystographic agents followed by 
intravascular contrast agents, Administration of any intravascular contrast 
agent shouid therefore be postponed in patients who tave recently received 
a cholacystographic contrast agent. 

Other drugs should not be mixed withdoversol injection. 

Drug Laboratory Test Interactions: The results oè PBI and radioactive 
iodine uptake studies, which depend on iodine estimatan, will not accurately 
reflect thyroid function for up to 16 days follwing administration of iodi- 
nated contrast media. However, thyroi¢ function tests not depending on 
iodine estimations, e.g., T3 resin uptake and total er free thyroxine (T4) 
assays are not affected. 

Carcinogenesis, Mutagenesis, impairment of Fertility: No long term 
animal studies have been performed te evaluate carcinogenic potential. 
However, animal studies suggest that thes drug is not mutagenic and does 
not attect fertility. 

Pregnancy Category B. No teratogenic effects attributable to ioversol 
have teen observed in teratology studies pertormed in animals. There are, 
however, no adequate and well controlled studies in pregnant women. It is 
not known whether ioverso! crosses the placental barrier or reaches fetal 
tissues. However, many injectable contrast agents cross the placental bar- 
rier in humans and appear to enter fetattissue passively. Because animal 
teratology studies are not always predictive cf human response, this drug 
should be used during pregnancy only i' clearly needed. X-ray procedures 
involve a certain risk related to the exposure cf the fetus. 

Nursing Mothers: itis not known whether wverso’ is excreted in human 
milk. However, many injectable contrast:agents are excreted unchanged in 
human milk. Although it has not been established thatserious adverse reat- 
tions occur in nursing infants. caution should be exercised when 
intravascular contrast media are administered to nursing women because 
of potential adverse reactions. and consideration should be given to tempo- 
rarily discontinuing nursing, 

Pediatric Use: Safety and effectiveness in chiidren have not been 
established. 

ADVERSE REACTIONS: Adverse reactions following the use 
of OPTIRAY formufations are usually mid to moderate, of short duration 
and resolve spontaneously (withouttreatment) However, serious, 
life-threatening and fatal reactions, mostly of cardiavascular origin, have 
Dean associated with the administration of iodine-containing contrast 
media. 

injections of contrast media are often associated with sensations of 
warmth and pain. tn controlled double-blind clinical studies, significantly 
less warmth and pain were associated with the injection of OPTIRAY than 
with iothalamate meglumine, diatrizoate meglumine, and diatrizoate meg- 
lumine and diatrizcate sodium. 

Whan OPTIRAY was used for coronary arteriography and ventriculogra- 
phy in doubie-blind clinical trials, electrocardiograptic and hemodynamic 
changes occurred with less frequency and severity with ioversol injection 
than with diatrizoate megiumine and diatrizoate sodium. 

Following coronary arter y and left ventricular injection, electrocardio- 

raphic parameters were affected less with OPTIRAY (ioversol injection) 
han with diatrizoate meglumine and diatrizoate sodium injection, These 
parameters included the foilowing. bradycardia, tachycardia, T-wave 
amplitude, ST depression and ST elevation. 

PTIRAY has also been shown to cause fewer changes in cardiac func- 
tion and systemic blood piena than-conventional ionic media. These 
include cardiac output, left ventricular systolic and end-diastolic pressure, 
right ventricular systolic and pulmonary artery systolic pressures and 
decreases in systo'ie and diastolic bioodipressures. 

The pollowng table of incidence of reactions is basad upon clinical trials 
with CPTIRAY formulations in over 1466 patients, This beting inciudes alt 
adverse reactions which were coincidental to the administration of ioverso! 
regardless of ther direct attributability to the drug or the procedure. 
Adverse reactions are listed by organ system and in decreasing order of 
occurrence. Significantly more severe reactions are listed before others in a 
system regardless of frequency. 


Adverse Reactions 


>t% s1% 


System 
Cardiovascular 





none angina pectoris 
hypotension 
blood pressure 

fluctuation 
arteriakspasm 
bradycardia 
conduction detect 
false aneurysm 
hypertension 
transient arrhythmia 
vascular trauma 
nausea 
vomiting 
cerebral infarct 
headacne 
bturrediwision 
vertigo 
lightheadedness 
vasovagal reaction 
disorientation 
paresthesia 
dysphasia 
musclespasm 
syncope 
visual hallucination 
laryngeal edema 
pulmonary edema 
sneezing 
nasal congestion 
coughing 
shortness of breath 
hypoxia 
periorbital edema 
urticaria 
facial edema 
flush 
pruritus 
extravasation 
hematoma 
shaking chills 
bad tasie 
genera’ pain 

Recardiess of the contrasi medium employed, the overall incidence ot 
Serious adverse reaction is higher with coronary arteriography than with 
other procedures. Cardiac decompensation, serious serhythmias, myocar- 
dial ischemia or myocardial infarction may occur during coronary 
arteriography and ‘eft ventriculography. 

General Adverse Reactions to Contrast Media 

The following adverse reactions are possible with amy parenterally admin- 
istered iodinated contrast medium. Severe life-threatening reactions and 
fatalities, mostly of cardiovascular origin, have occurred. Most deaths 
occur during injection or § to 10 minutes later; the main feature being car- 
diac arrest with cardiovascular disease as the main acgravating factor. Iso- 
lated reports of hypotensive collapse and shock are found in the literature, 


Digestive none 


Nervous 


Respiratory none 


Skin none 


Miscellaneous none 


conventional iodinated contrast agents range from 6.6 per 1 million 
(0.00066 percent} to t in 10.00C patients (0.01 percent). 

Thereported incidence of adverse reactions to contrast media in patients 
with a nistory of allergy is twice taat of the general population. Patients with 
a history of previous reactions te a contrast medium are three times more 
susceptinte than other patients. However, sensitivity to contrast media does 
not appear to increase with repeated examinations 

Adverse reactions to injectabie contrast media fall into two categories: 
chemctaxic reactions and idiosyncratic reactions. 

Chemotoxic reactions result fram the physicochemical properties of the 
contrast medium, the dose and the speed of injection. All hemodynamic 
disturbances and injuries to organs or vessels perfused by the contrast 
medium are included in this category. 

idiesyncratic reactions include ali other reactions. They occur more fre- 
quently in patients 20 to 40 years old. Idiosyncratic reactions may or may 
not be dependent on the dose imected, the speed of injection. the mode of 
injection and the radiographic procedure. Idiosyncratic reactions are sub- 
divided into minor, intermediate and severe. The minor reactions are 
self-limied and of short duration; the severe reactions are life-threatening 
and treatment is urgent and mandatory. 

in addition to the adverse reactions reported for ioverso!, the follow- 
ing additional adverse reactions have been reported with the use of other 
contrast agents and are possibie with any water soluble, iodinated con- 
trast agent. 

Nervous: convulsions, aphasia, paralysis, visual field losses which are 
usually transient but may be permanent, coma and death. 

Cardiovascular’ angioneurotic edema, peripheral edema, vasodilation, 
thrombasis and rarely thrombophlebitis, disseminated intravascular 
coaguiation and shock. 

Skin: maculopapular rash, erythema, conjunctival symptoms, ecchymo- 
sis and tissue Necrosis. 

Respiratory: choking, dyspnea, wheezing which may be an initial man- 
ifestation of more severe and infrequent reactions including asthmatic 
attack, laryngospasm and bronchospasm, apnea and cyanosis. Rarely 
these allergic-type reactions can progress into anaphylaxis with lass of 
consciousness, coma, severe cardiovascular disturbances and death. 

Miscellaneous: hyperthermia, temporary anuria or other nephropathy. 

Other reactions may also occur with the use of any contrast agent as a 
consequence of the procedural hazard; these include hemorrhage or 
pseudoaneurysms at the puncture site, brachial plexus palsy following axil- 
lary artery injections, chest pain, myocardial intarction, and transient 
changes in hepatorenal chemistry tests, Arteriai thrombosis, displacement 
of arterial plaques, venous thrombosis, dissection of the coronary vessels 
and transient sinus arrest are rare complications, 

in cerebral arteriography, cardiovascular reactions that may occur with 
some frequency are bradycardia and either an increase or decrease in 
systemic blood pressure. Neurological reactions that may occur are: 
seizuras, drowsiness, transient paresis, and mild disturbances in vision. 

Central nervous system reactions with OPTIRAY in controlled clinical 
studies in cerebral arteriography that were considered drug-related and 
cecurred with frequencies greater than 1% were: headache, bradycardia, 
diood pressure fluctuation, disorientation, nausea and vertigo. 

In aortegraphy, depending onthe technique employed, the risks of this 
procedure also include the following: injury to the aorta and neighboring 
organs, pleural puncture, renal damage including infarction and acute tubu- 
lar necrosis with oliguria and anuria, ratroperitaneal hemorrhage from the 
transtumbar approach and spina cord muy and pathology associated with 
the syndrome of transverse myelitis. Under conditions of slowed aortic 
circulation there is an increased likelihood tor aortography to cause muscle 
spasm. Occasional serious neurologic compiications, including paraplegia, 
have elso been reported in patients with aortoiliac obstruction, femoral 
artery obstruction, abdominal comprassion, hypotension, hypertension, 
spinal anesthesia, and injection of vasopressors to increase contrast, In 
thase patients the concentration. volume, and number of repeat injections 
of the medium should be maiatained at a minimum with appropriate 
intervals between injections, The position of the patient and catheter tip 
shoult: be caretully monitored. - 

Entry of a large aortic dose nto the renal artery may Cause, even in 
the absence of symptoms, albuminuria, hematuria, and an elevated creat- 
ining and urea nitrogen. Rapid and complete return of function usually 

latlows, 

There were no cardiovascular system reactions with OPTIRAY in con- 
troited clinical studies in coronary arteriography with left ventriculography 
that Wik considered drug-related and occurred with a frequency greater 
than 1% 


PRECAUTIONS FOR SPECIFIC PROCEDURES: 


Carebia! Arteriography 

Extreme caution is advised ir patients with advanced arteriosclerosis, 
severe hypertension, cardiac decompensation, senility, recent cerebral 
thramaesis or embolism, and migraine. 


Peripheral Arteriography 

Pulsation should be present in the artery to be injected. In thromboan- 
giitis obliterans, or ascending infection associated with severe ischemia, 
angiography should be pertormed with extreme caution, if at all, 


Coronary Arteriography and Left'Ventriculography 

Mandatory prerequisites to the procedure are specialized personnel, ECG 
monitanng apparatus and adequate facilities for immediate resuscitation 
and cardioversion. Electrocardiegrams and vital signs should be routinely 
monitered throughout the procedure, 


venography 

Special care is required when venography is performed in patients with 
suspectedthrombosis, phlebitis, severa ischemic disease, local infection cr 
a totally obstructed venous system, In order to minimize extravasation 
during injection, fluoroscopy is recommended. 


intravenous Digital Subtraction Angiography 

In addition to the genera! precautions previously described, the risks 
associated with IV DSA include chose usually attendant with catheter pro- 
cedures and include intramura! injections, vessel dissection and tissue 
extravasation. The potential risk is reduced when small test injections of 
contrast medium are made under fluoroscopic observation to insure that 
the catheter tip is properly positioned and, in the case of peripheral place- 
ment. thatthe vein is of adequate size. 

Patent motion, including respiration and swallowing, can result in mis- 
registraron leading to image degradation and non-diagnostic studies. 
OVERDOSAGE: The adverse effects of overdosage are life- 
threataning and affect mainly the pulmonary and cardiovascular system. 
Treatment of an overdosage is directed toward the support of ali vital 
functiens, and prompt institution of synptomatic therapy. 

à Dane does not bind to plasma or serum protein and is therefore, 
jalyzabie. 
he intravenous LD,, values (gi/kg) for ioversol in animals were: 
17 (mice), and 15 (rats): 
DOSAGE AND ADMINISTRATION: Details on dosage 
are provided in the package insert. CONSULT FULL PACKAGE INSERT 
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EDITORIALS 


Comparative Clinical Consequences of 
Aggressive Lipid Management, Coronary 
Angioplasty and Bypass Surgery in 

_ Coronary Artery Disease 


Robert A. Vogel, MD 


consists almost exclusively of medical therapy 

designed to reduce myocardial oxygen consump- 
tion, and angioplasty and bypass surgery designed to in- 
crease myocardial oxygen delivery. The minority of cor- 
onary disease patients receives therapy to. change the 
atherosclerotic process,' although antiplatelet therapy 
(demonstrated to reduce thrombotic vessel occlusion) 
is often prescribed after angioplasty, bypass surgery and 
acute myocardial infarction. Several recent studies 
demonstrated that aggressive lipid management can ac- 
complish the same treatment goals as traditional antian- 
ginal and interventional therapy (i.e., reduction in arte- 
tiographic stenosis, disease progression, anginal fre- 
quency, exercise intolerance, cardiovascular events and 
mortality). This review compares the clinical conse- 
quences of aggressive lipid management (30% cholester- 
ol reduction) with those achieved by coronary angio- 
plasty and bypass surgery on these important parame- 
ters. Although no direct comparisons have been re- 
ported, data presented are the consensus of multiple 
controlled studies. 

Coronary stenosis: Several forms of evidence sug- 
gest that lipid abnormalities have pivotal roles in the 
development of atherosclerosis and that favorable conse- 
quences result from lipid modification. These are sum- 
marized in Table I, and in previous editorials and re- 
views.'®!8 Important observations are that atherosclero- 
sis is experimentally inducible in certain species, and 
clinically correlated with high fat and cholesterol con- 
tent diets. Regression of experimental and clinical ath- 
erosclerosis, and reduced disease progression follow di- 
etary changes. 19-26 Five recently published clinical stud- 
ies using different aggressive means for altering serum 
lipids also demonstrated both coronary disease regres- 
sion and reduction in disease progression.”“!? In 1987, 
Blankenhorn et al’ reported the results of a randomized 
angiographic trial in 162 nonsmoking middle-aged men 
with previous coronary bypass surgery (Cholesterol 
Lowering Atherosclerosis Study [CLAS]).° Patients re- 
ceiving colestipol and nicotinic acid were found to have 
an 18% incidence of improved coronary disease score by 
visually interpreted arteriography versus 2% in control 


Ceri management of « coronary artery disease 
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patients. Progression of disease was also significantly 
lessened (61 vs 39%). Importantly, retrospective analy- 
sis demonstrated equal benefit for patients with high 
and normal total and low-density lipoprotein cholester- 
ols at baseline.” 

The effects of an aggressive lifestyle modification 
program (consisting of a strict vegetarian diet, smoking 
cessation, stress management and moderate exercise) on 
the natural history of coronary artery disease was re- 
ported by Ornish et al!! in a 48-patient, randomized 
trial (Lifestyle Heart Trial). Mean percent diameter 
stenosis (measured by quantitative arteriography) im- 
proved from 40 to 38% in the treatment group, but pro- 
gressed from 43 to 46% in the control group. Lesions 
>50% underwent a greater degree of regression (61 to 
56%). In all, 82% of the treated patients had less coro- 
nary disease at the end of the 1-year trial. Coronary 
flow reserve (measured by positron emission tomogra- 
phy) improved 6% in the treated patients. 

Buchwald et al? reported a long-term randomized 
trial that tested whether cholesterol-lowering induced 
by partial ileal bypass surgery would favorably affect 
postmyocardial infarction patients (Program on the 
Surgical Control of the Hyperlipidemias [POSCH]). 
The 838 patients were followed for a mean period of 9.7 
years. Significantly fewer ileal-bypassed patients experi- 
enced myocardial infarction or cardiac death. 

Brown et al!° reported the results of aggressive 
pharmacologic lipid intervention in 146 men with fami- 
ly histories of vascular disease and apolipoprotein B lev- 
els >125 mg/dl (Familial Atherosclerosis Treatment 
Study [FATS]). Patients were randomized to placebo 
(or colestipol if the low-density lipoprotein cholesterol 
level was increased), lovastatin and colestipol, or niacin 
and colestipol treatment groups. Quantitatively mea- 
sured mean percent diameter narrowing progressed 2% 
during 2.5 years in the dietary-managed patients com- 
pared with a mean regression of 0.3 and 1.1% in the 
lovastatin plus colestipol and nicotinic acid plus colesti- 
pol treatment groups, respectively. A greater extent. of 
regression was observed in lesions with >50% diameter 
narrowing (2.6, 6.4% for the 2 drug treatment groups). 
Multivariant analysis demonstrated that a reduction in. 


the level of apolipoprotein B, low-density lipoprotein 


cholesterol and systolic blood pressure, and an increase 

in high-density. lipoprotein cholesterol correlated inde- 

pendently with regression of coronary lesions. The 2 ag- 
gressive management groups had 75% fewer cardiovas- 

cular events (mostly unstable angina) than did the diet- 

treated group. 
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TABLE I Evidence Linking Cholesterol to Coronary 
Atherosclerosis 





Nature of Evidence 





Experimental 
Cholesterol present in atheromas?? 
High dietary cholesterol/lipid levels induces atherosclerosis!?-2! 
Reduction in dietary lipid regresses atherosclerosis@0.2! 
Epidemiologie 
CAD prevalence correlates with serum/ dietary cholesterol 
levels?2.23 
Low incidence c? CAD in people subjected to dietary deprivation or 
wasting ilinesses?4.25 
Clinical trials 
Reduction in dietary cholesterol /lipid regresses atherosclerosis and 
slows disease arogression! 1.26 
Surgical cholestarol lowering regresses atherosclerosis and slows 
disease progression? 
Pharmacologic lipoprotein modification regresses atherosclerosis anc 
reduces CV events3.5.10,12 
Pharmacologic lipoprotein modification (sufficient magnitude) decreases 
mortality!s.44 


TCAD = coronary artery disease; CV = cardiovascular. 











Disease regression (2% mean lesion stenosis) was 
also found by Kane et al!? in a 72-patient multiple-drug 
quantitative arteriographic study. The overall group 
with established disease was shown to benefit. Taken as 
a group, these 5 major studies suggest that coronary 
atherosclerosis i is at least partly reversible and that pro- 
-gression of disease lessened with aggressive lipid man- 


agement, independent of the means by which it was 


„achieved (Table II). Strict dietary therapy appears to be 
at least as effective as drug therapy, and can be provid- 
ed at a lower cost and potential risk. With 2 years of 
diet or drug therapy, or both, hemodynamically signifi- 
cant lesions (>50% stenosis) regress approximately 5% 
(mean of Lifestyle Heart and FATS data). 

Coronary angioplasty appears to provide a greater 
magnitude of stenosis reduction than does lipid modifi- 
cation, although this is limited to the target vessels. Ap- 
proximately 90% of attempted dilatations are currently 
successful, with visually estimated percent diameter ste- 
nosis decreasing from approximately 80 to 20%.7* 3° 
However, postangioplasty assessment is often compli- 
cated by the presence of dissection or intraluminal 
thrombus, or both.3! Quantitative coronary arterio- 








graphic improvement i in coronary anatomy is os dra- 
matic (approximately 65 to 30%).?°+! Moreover, 3 to 
5% of stenoses occlude in the postinterventional period, 
and 30 to 50% undergo restenosis. ?®2 Additionally, 


narrowing is induced-in the dilated “normal” segment 
adjacent to the lesion, leading to an underappreciation 
of the true degree of restenosis using percent diameter 
assessment.*4 At 6 to 12 months after angioplasty, le- 
sion percent diameter stenosis remains improved only 
approximately 25% if successful and unsuccessful dila- 
tations, occluded vessels and restenosed lesions are con- 
sidered.335 Lesions not dilated will progress at approxi- 
mately 1%/year without other therapy.!° 

Coronary bypass surgery affects native coronary 
arteries through the occurrence of anastomotic narrow- 
ings, and progression of disease in the arteries proximal 
to graft insertion.°*37 Myocardial infarction often ac- 
companies parent artery occlusion.*® These adverse con- 
sequences are balanced by the provision of collateral 
flow distal to the anastomosis as long as grafts remain 
patent. Comparative changes provided by aggressive lip- 
id management, angioplasty and bypass surgery on cor- 
onary stenosis of lesions >50%, blood flow, exercise ca- 
pacity, cardiovascular event rate and mortality are sum- 
marized in Table III and further discussed later. 

Coronary blood flow: Using an animal model, Arm- 
strong et al? demonstrated regional variability in mini- 
mum vascular resistance changes associated with ath- 
erosclerosis regression. Minimal coronary resistance im- 
proved 20% over 18 months. A 6% coronary flow 
reserve improvement was found using positron emission 
tomography in the Lifestyle Heart Trial over 1 year, 
together with a 91% reduction in anginal frequency. 6 
Improvement in coronary flow reserve with aggressive 
lipid management is further supported by the prelimi- 
nary findings of Zhukova et alt who demonstrated a 
50% decrease in angina after 2 years of lovastatin thera- 
py, associated with a 9% increase in treadmill exercise 
tolerance. Functional improvement was also observed in 
the Lipid Research Clinics Coronary Primary Preven- 
tion Trial, in which cholestyramine was found to de- 
crease angina by 20%, and abnormal stress electrocardi- 
ography by 25%. 

Angioplasty improves flow physiology more than 
does lipid management, although its effects are limited 

















TABLE il Results of Recent Randomizec Controlled Coronary Artery Disease Regression 
Trials 
Study Patients Intervention Regression Findings 
CLAS7.8.27 162 Colestipol + niacin 18% of pts. had improved 
CAD score at 4. years 
Lifestyle Heart Trial@1! 48 Strict diet, stop smoking, 2% mean lesion regression 
stress mgmt, exercise (5% regression in lesions 
> BOW) 
POSCH? 838 Partial ileal bypass 14% of pts. had improved 
CAD scote at 7 years 
FATS? 146 Coiestipol + lovastatin or 1% mean lesion regression 
giacin (3 to. 6% regression in 
lesions = 50%} 
Combined Drug Regimen 72 Coiestipol + niacin + dova- 2% mean lesion regression 
Triaj? statin 
CAD = coronary artery « disease; CLAS = = Chelesterai Lowering: Atherosclerosis Study: FATS. = Familial Atherosclerosis | 
Treatment Study; mgmt. = management; POSCH = = Program on the Surgical Control of the Hyperlipidemias. } 
bama 





1230 -ITHE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 69 MAY 1, 1992 





to the target vessel. 040-43 Coronary flow reserve im- 
proves from approximately 1.5 to 2.5 immediately after 
successful dilatation. Individual patient improvement 
does not appear to predict long-term clinical efficacy, 
probably owing to a combination of an initial, transient 

_ increase: in resting blood flow and eventful resteno- 
sis.44-445 Six months after angioplasty, coronary flow 
reserve in nonrestenosed distributions increases further 
to approximately 3, but remains below normal (>3.5). 
‘Work capacity on exercise testing improves substantial- 
ly after angioplasty (25 to 60%), which was found to be 

- Superior to antianginal medical therapy in the first re- 
ported randomized angioplasty trial.4**’ Including ad- 
verse outcomes, angioplasty improves flow reserve and 
exercise tolerance approximately 60 and 40%, respec- 
tively. 

~ As with angioplasty, coronary bypass surgery sign- 

‘ificantly improves flow reserve, although complete nor- 
‘malization even with widely patent grafts has been vari- 
ably demonstrated.*°48 This finding appears to be 

owing to vasoregulatory and regional ventricular dys- 
functions. 48 Coronary flow reserve late after bypass sur- 

- gery is approximately 3 in the 90% of grafts that remain 
patent at 1 year. Exercise capacity increases approxi- 
mately 50% (40 to 80%) after bypass surgery, which has 
-been shown to significantly reduce anginal frequency as 
compared with antianginal management.***? However, 

lipid treatment, which also reduces anginal frequency 

Significantly (50 to 91%, see aforementioned), has gen- 

ally not been used in the surgery versus medical thera- 

. Including adverse outcomes, bypass surgery 

improves flow reserve and exercise tolerance approxi- 
mately 90 and 40%, respectively. 

‘Nonfatal cardiovascular events: Large prospective, 
randomized trials demonstrated that nonfatal cardiovas- 
cular events, such as acute myocardial infarction and 
need for bypass surgery, are reduced proportional to lip- 
‘id modification.>> In general, a 2% decrease in cardio- 
vascular events results from each 1% reduction in low- 
density lipoprotein cholesterol, or increase in high-densi- 
ty lipoprotein cholesterol. Much of these data were 
obtained in primary prevention trials studying middle- 
aged men with increased cholesterol levels. Considera- 
bly less is known about primary prevention in women, 
younger and older subjects, and those with lesser choles- 
terol increases. In general, more data are available sup- 
porting low- than high-density cholesterol modification, 
because the latter is difficult to achieve alone. Secon- 
dary prevention trials of lipid modification demon- 
strated reductions in cardiovascular events at least as 
great.as those of primary prevention trials.°°>' A 45% 
reduction in suspected or proven nonfatal myocardial 
infarction was found in the Program on the Surgical 
Control of the Hyperlipidemias (POSCH) trial.’ In the 
FATS Trial, a 75% reduction in cardiovascular events 
was found.!© However, this was a small trial (146 men), 
and most of the adverse episodes were unstable angina. 
Overall, aggressive lipid modification (30% cholesterol 
reduction) appears to reduce cardiovascular event rate 
frequency approximately 50% over 5 years. 

It is much-more difficult to determine the change in 

‘subsequent events in patients undergoing coronary angi- 






















TABLE IH Comparative Clinical Consequences of Treatment 
Aggressive 
Lipid Coronary Bypass 
Management* Angioplasty Surgery 
Coronary artery stenosis ~5% -25% t | 
(lesions > 50%, 
2 years) 
Coronary flow reserve 6% 60% 90% 
(1 year} 
Exercise capacity 10% 40% 50% 
(2 years) 

Nonfatal cardiovascular -50% Unknown 16% 

events (5 years) 

Survival (10 years} 10% Unknown B%t 
*Approximate 30% cholesterol reduction. i 
tAccelerates proximal vessel stenosis, but provides collateral revascularization, | 
Depending on presence of high-risk features. i 











oplasty. Data from the small Veterans Administration 
Angioplasty Compared with Medical Therapy trial” on 
this variable are not yet available, and most other ran- 
domized trials of angioplasty were comparisons with by- 
pass surgery. However, uncontrolled clinical experience 
suggests that long-term outcome is generally good.28> 

Coronary bypass surgery has been found to increase 
subsequent myocardial infarction frequency by 16%, 
but survival is improved despite this complication, prob- 
ably owing to the provision of collateral flow.>> Thein- 
crease in infarction rate is mostly due to perio përative, 
and late proximal vessel and graft closures.>%? 

Mortality: It has been difficult to demonstrate a 
change in overall mortality in primary prevention trials 
using lipid modification, but total mortality appears to 
decrease in patients with established disease if substan- 
tial lipid modification is achieved.!31450.51 In a recent- 
ly published review of primary and secondary trials, 
Holme!* demonstrated a relation between decreasing 
serum cholesterol and total mortality, which suggests 
benefit with aggressive treatment. The niacin treatment 
group in the Coronary Drug Project? had an 11% re- 
duction in overall mortality compared with that of the 
control group after 15 years, although the former had 
received drug treatment only during the study’s first 
5 years. Although not statistically significant, the 
POSCH trial reported a 21% reduction in overall mor- 
tality with ileal bypass.” These data conservatively sug- 
gest an approximate 10% increase in survival with ag- 
gressive lipid management over approximately 10 years. 

An estimate of the effect of angioplasty on mortality 
in the near future is unlikely, because no current trial 
has sufficient size, and only the ACME trial has a med- 
ical management control group. 

Overall mortality was not affected by early experi- 
ence bypass surgery compared with. medical manage- 
ment, although specific factors such as left main ste- 
nosis, extensive multivessel: disease, left: ventricular 
dysfunction and positive stress tests predict surgical 
benefit.49°4-5 More recent surgery appears to provide 
greater survival benefit, estimated at 8% over 10 
years." 

Antianginal therapy: Antianginal medical therapy 
appears to have little effect on atherosclerosis, although 
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cardiovascular events and mortality may be reduced. 


One exception is the decrease in the appearance of new 
lesions with nifedipine therapy.*’ A decrease in mortali- 
ty after non-Q-wave infarction in patients without heart 
failure treated with diltiazem has been reported," and a 
decrease in mortality in those with Q-wave infarction 
treated with A-adrenergic blocker therapy is well estab- 
lished.°° Despite pharmacologic and interventional ad- 
vances, most of the reduction in coronary disease: mor- 
tality over the past few decades appears due to reduc- 
tions in smoking, hypertension and hyperlipidemia: 

Comparative consequences: The clinical conse- 
quences of aggressive lipid management, angioplasty 
and bypass surgery are compared in Table III. Coro- 
nary stenosis, flow reserve and exercise tolerance are 
generally managed more effectively by angioplasty and 
bypass surgery. In contrast, reductions in nonfata! car- 
diovascular events and survival appear to be better 
achieved with lipid management, although subgroups do 
well with bypass surgery. This result is likely due to 
“stabilization” of lesions with lipid modification and to 
provision of collaterals with bypass surgery, rather than 
to reduction in coronary stenosis. Unfortunately, ag- 
gressive lipid management is not provided to many pa- 
tients with established disease! or to those undergoing 
coronary artery interventions. Preliminary data suggest 
some value for cholesterol reduction on postangioplasty 
restenosis, although larger studies are needed to confirm 
this finding.*' Lipid abnormalities clearly affect bypass 
graft disease progression and patency.°? Some estab- 
lished graft disease appears to be reversible with lipid 
management. 78 Taken together, these data suggest that 
most patients with coronary disease would benefit from 
aggressive lipid management associated with judicious 
use of interventional therapy. More data are needed to 
establish the benefit of lipid modification in patients 
with “desirable” (<200 mg/dl) cholesterol levels and to 
define the optimal magnitude of modification. In the 
absence of a direct comparison of these therapies, avail- 
able data support a broader use of lipid modification to 
achieve the traditional goals of coronary artery disease 
management. 
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he number of patients undergoing transplantation 

for terminal heart failure has increased dramatically 
over the last few years.! Occlusive coronary artery disease 
has emerged as a major cause of late graft loss.? The only 
viable alternative for heart transplant recipients with pro- 
gressive coronary disease has been retransplantation.? 
The role of percutaneous transluminal coronary angio- 
plasty (PTCA) in this patient population remains unde- 
fined. This study reviews our experience with PTCA in 
this patient population. 

Between January 1980 and October 1989, 501 pa- 
tients underwent orthotopic heart or heart/lung trans- 
plantation at our institution. The immunosuppressive 
regimen included cyclosporine in all these patients. Cor- 
onary angiography is routinely performed on an annual 
basis. The prevalence of any apparent occlusive coronary 
artery disease by angiography was 5% at 1, 17% at 2, 
26% at 3, 40% at 4 and 52% at 5 years. Of patients with 
coronary disease, 8 (6 men and 2 women; 7 orthotopic 
heart and 1 heart/lung transplant) were considered suit- 
able candidates for PTCA because of the presence of 
proximal and focal coronary disease. The rest did not 
have disease that would be considered technically suit- 
able for PTCA, or if they did, it occurred in conjunction 
with severe and diffuse disease of the distal vessel. Mean 
age at transplantation of the 8 patients who underwent 
PTCA was 37 + 10 years. The indication for transplan- 
tation was idiopathic cardiomyopathy in 4, ischemic car- 
diomyopathy in 2, and irreversible congestive heart fail- 


From the Departments of Medicine, Surgery and Pathology, Presbyte- 
rian University Hospital and the University of Pittsburgh School of 
Medicine, DeSoto at O'Hara Streets, Pittsburgh, Pennsylvania 15213. 
Manuscript received January 3, 1991; revised manuscript received and 
accepted January 2, 1992. 






















































































FIGURE 1. Left coronary angiograms in 
performed 60 months after tr: 
left anterior 


descending: 
angioplasty. A stress thallium was negative for ischemia 





ure due to valvular disease in 1. One patient underwent 
heart/lung transplantation for primary pulmonary hy- 
pertension. The mean age of the donor hearts was 26 +9 
years. The focal and proximal disease subjected to 
PTCA was not present on the first annual coronary an- 
giograms after transplantation and was thus not present 
in the donor hearts before transplantation. 

Initial PTCA was performed 43 + 19 months (range 
26 to 78) after transplantation. Indications for PTCA 
included (1) reversible exercise-induced thallium de- 


fects (4 procedures), (2) symptoms, particularly exer- 


cise-induced dyspnea, potentially attributable to coro- 
nary artery stenosis (4 procedures); (3) “silent” ST 
elevation during ambulatory electrocardiographic moni- 
toring (1 procedure); or (4) restenosis of a prior PTCA 
site (1 procedure). An additional procedure was per- 


formed in an attempt to open a chronic total occlusion in 


an asymptomatic patient with progressive multivessel 
coronary artery disease. All procedures were performed 
with standard over-the-wire steerable dilatation systems 
using systemic anticoagulation with heparin.‘ Gradients 
before and after dilatation were measured for 8 lesions. 
To quantify the number of vessels involved in follow-up 
coronary angiograms, significant coronary artery dis- 
ease was defined as a 50% reduction in luminal diameter 
of a large epicardial vessel, although admittedly, this 
ean be a difficult determination to make in some heart 
transplant patients because of diffuse involvement of the 
affected vessels. 

A total of 11 PTCA procedures were performed on 8 
patients. Six underwent a single procedure, 1 underwent 
2 procedures and 1 underwent 3 procedures. A total of 13 
lesions were attempted. The distribution of the lesions 
was 8 (62%) in the left anterior descending/diagonal 





















































right anterior oblique projection. Left, no discernible disease 11 months after trans- 
; demonstrates focal 


high-grade lesions (arrows) in the proximal 


and circumflex arteries. Right, successful immediate outcome: of percutaneous transluminal coronary 
5 months iater. The patient died suddenly 10 months after angioplasty. 
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coronary arteries, 2 (15%) in the circumflex coronary 
artery and 3 (23%) in the right coronary artery. Two of 
the attempted lesions were total occlusions. Twelve of 
the 13 lesions were primary lesions. One was considered 
to be a restenosis being diagnosed 5 months after initial 
PTCA. 
Initial angiographic success was achieved in 11 of the 
13 attempted lesions. Both unsuccessful attempts oc- 
curred due to the inability to cross total occlusions with a 
guidewire. For successfully dilated lesions, mean steno- 
sis was reduced from 85 + 6 to 30 + 8% (p <0.001). The 




















middie, 

row) in the mid left anterior de- 
scending artery; bottom right, total 
occlusion of the right coronary ar- 
tery. ap rita rA 


FIGURE 3. Top left, left coronary angio- 
gram in right anterior oblique projection of 
a patient 36 months after transplantation. 
A high-grade focal lesion (arrow) is pres- 
ent in an obtuse marginal branch. Top 
right, successful immediate outcome of 




































































mean pressure gradient across the lesion decreased from 
54 + 15 to 18 + 10mm Hg (p <0.001). Figures 1, 2 and 3 
illustrate the immediate result of angioplasty in 3 pa- 
tients. One patient developed ventricular fibrillation dur- 
ing PTCA due to diffuse spasm of the dilated artery that 
was treated with electrical cardioversion and intracoro- 
nary nitroglycerin. There were no other acute complica- 
tions. 

Of 10 successfully dilated primary lesions, 6 were 
restudied 4 or more months after PTCA. One was con- 
sidered to have restenosed, repeat PTCA was successful- 






























































































































































proximally, and there is progression of 


branch of the right coronary artery (ar 
rowhead). Bottom right, diffuse disease of 
the right coronary artery with occlusion of 
a large acute marginal branch (arrow); in 
addition there is collateral flow to the oc- 
chided circumflex system (arrowheads). 
ventriculogram obtained concurrently 

















The 
‘with bottom left and right revealed new 
akinesia of the inferior wall. 
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| TABLE 1 Long-Term Outcome of Heart Transplant Recipients Undergoing Percutaneous Transluminal Coronary Angioplasty 

































Age at Time of Initial Post-PTCA 
Transplant PTCA Foliow-Up 
Pt. Sex {yr) (mo) tmo) Status Comment 
| 1 Male 54 31 3 Dead Death from. progressive CHF 

2 Male 28 52 4 Dead Sudden death; site of PTCA widely 
patent 16 days before death 

3 Male 38 60 10 Dead Sudden death 

4 Female 28 26 12 Alive No cardiac symptoms; progressive CAD 
by angiography 

5 Male 4) 26 15 Alive MI with CHF 9 months after PTCA; re- 
suscitated from sudden death at 15 
months. NYHA class fil 

6 Male 37 78 35 Alive No cardiac symptoms; progressive CAD 
by angicgraphy 

7 Female 23 35 36 Dead MI with CHF at 32 months after PTCA; 
sudden death 

8 Male 43 39 40 Alwe No cardiac symptoms; new inferior aki- 
nesia and progressive CAD by angiog- 
raphy at 40 months after PTCA 

[CAD = coronary artery disease; CHF = congestive heart failure; MI = myocardial infarction, NYHA = New York Heart Association classification; PTCA = percutaneous transluminal 
coronary angioplasty. 








ly performed and at restudy no restenosis had occurred. 
An additional iesion could not be evaluated for resteno- 
sis because of occlusion of the proximal portion of the 
coronary artery. The other 4 PTCA sites remained wide- 
ly patent at repeat coronary angiography. 

In long-term clinical follow-up, 4 patients have died 
(Table I). Three died suddenly 4, 10 and 36 months after 
initial PTCA. Another died of progressive congestive 
heart failure 3 months after PTCA. Autopsy examina- 
tion in 2 patients (Figure 4) revealed diffuse and exten- 
sive intimal fibromuscular hyperplasia of coronary 
arteries with no discernible histologic difference at 
PTCA sites. A fifth patient is alive 15 months after 
PTCA but requires aggressive treatment for congestive 
heart failure. This patient sustained a myocardial in- 
farction 9 months after PTCA from disease distant to 
the PTCA site. He has been resuscitated from an episode 
of sudden death due to ventricular tachycardia. 





FIGURE 4. 


onstrate advanced fibromuscular hyperplasia with focal 
clades the hamen. 





Three patients remain free of symptoms 12, 35 and 
40 months after initial PTCA. However, repeat angiog- 
raphy in all 3 has demonstrated progressive diffuse coro- 
nary disease. One of these 3 is the only patient in this 
series with well-established collateral channels and this 
may account for his asymptomatic state (Figure 3). All 3 
of these patients had significant 1-vessel disease at the 
time of initial PTCA, but at follow-up 2 have developed 
significant 2-vessel disease and 1 has developed signifi- 
cant 3-vessel disease. 

Whereas most heart transplant recipients with occlu- 
sive coronary artery disease have diffuse disease involving 
the distal smaller epicardial arteries visualized at angiog- 
raphy,° patients with proximal, focal and severe occlusive 
lesions may also be identified in individual cases. Data on ` 
the use of PTCA in these patients is limited to either 
single case reports or short clinical follow-up.®° The ini- 
tial angiographic lesional success rate (85%) in our series 





(hematoxylin-eosin stain) of cross sections of midportions of coronary arteries of a patient who 
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of 8 patients undergoing attempted PTCA of 13 lesions 
‘during 11 procedures is similar to the previously reported 
_ 7 patients. All subtotal stenoses were successfully dilated. 
Only the 2 total occlusions could not be dilated, which is 
_ in keeping with the relatively low success rate with total 
— om in patients who have not undergone transplan- 
on.” 
owever, the long-term follow-up of these patients 
_ has yielded dismal clinical results. Four patients have 
: died and 1 is symptomatic from congestive heart failure 
_ and has been resuscitated from sudden death. These data 
-suggest that once angiographic high-grade proximal cor- 
onary artery disease is detected, the prognosis for long- 
‘term graft survival is guarded. Despite improvement in 
functional studies (exercise-induced thallium defects) in 
some patients in the short term, it is uncertain if PTCA 
prolongs graft survival. For lack of conclusive data at the 
_ present time, this center is continuing to perform PTCA 
in transplant patients with focal proximal disease in the 
_ presence of symptoms, exercise-induced thallium defects 
_ or ischemic electrocardiographic changes during ambula- 
_tory monitoring; this is followed by frequent angiographic 
and clinical evaluation. An aggressive strategy of retrans- 
















plantation is recommended for suitable candidates, albeit 
the shortage of donor hearts and the less favorable out- 
come associated with retransplantation.? 
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‘Immediate Procedural and Long-Term Clinical Results of Internal 


Mammary Artery Angioplasty 










erial mammary artery angioplasty has been used as 
Ban alternative to repeat operation in patients with 
symptom recurrence after coronary bypass grafting. 

With use of standard balloon techniques, procedural suc- 

cess rates of 90 to 94% have been obtained,'~4 but the 
limited number of patients with an unsuccessful angio- 
plasty attempt has precluded analysis of factors affecting 
immediate procedural success and complication rates. 
_ Long-term follow-up of these patients has often been 
limited and difficult to interpret owing to infrequent re- 
“peat coronary arteriography and the presence of mul- 
_ tivessel coronary artery disease.'~¢ To identify the factors 
: affecting immediate procedural success and to character- 

ize the long-term outcome of patients undergoing internal 
mammary angioplasty, we reviewed our experience with 
this procedure over an 18-month period. 

From January 1, 1990, to June 30, 1991, coronary 
angioplasty was performed during 3,431. procedures at 
the Washington Hospital Center; 22 procedures (0.6%) 
in 20 patients involved 24 lesions within the right (n = 2) 
„or left (n= 22) internal mammary artery. The clinical 
_ characteristics of these patients, including age, gender, 
the presence of diabetes and bypass graft age (in 
months), were recorded from hospital chart review. An- 
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gina before the procedure was classified as unstable if 
pain occurred at rest and was scored before and after the 
procedure according to New York Heart Association 
functional classification criteria. Recent myocardial in- 
farction was defined as enzymatic or electrocardio- 
graphic evidence of myocardial necrosis within 6 weeks 
of the procedure. 

Before coronary angioplasty, all patients were pre- 
treated with aspirin and, in most cases, a calcium antag- 
onist. All procedures were performed by way of the right 
or left femoral artery using a7 to 8Fr internal mammary 
or Judkins Right-4 guiding catheter using standard bal- 
loon methods. Heparin, 10,000 to.15,000 U, was admin- 
istered at the beginning of the procedure with further 
intravenous bolus doses administered as needed to main- 
tain the activated clotting time of >300 seconds. In the 
absence of coronary dissection, intravenous heparin was 
discontinued at the end of the procedure. Cineangio- 
grams were reviewed using standard morphologic crite- 
ria’; angiographic success was defined as final caliper- 
determined diameter stenosis S50% with no in-hospital 
ischemic complications. Clinical follow-up was obtained 
in 18 of 20 patients (90%) 12.2 + 4.6 months after 
angioplasty. 

Immediate angiographic success was obtained in 20 


of 24 lesions (83%) (Table D). An unsuccessful attempt 


was due to inability to cross the lesion with the guidewire 
in 3 patients and lesion rigidity in 1. No patient had in- 
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[ramer i. Clinical Characteristics of Patients Undergoing intemal ni Mammary y Angop! aw 
: ; Lesion Location 
Months Within Internal Pe% 
; Age (yr) Diabetes Unstable Recent After Mammary-Vessel Diameter Diameter 
Pt. & Sex. Mellitus Angina Mi Bypass Grafted: Stenosis Stenosis 
f m 
Successful : 
al 58F + - ~ 48 D-LAD. ; 89 5 
2 59F oe + = 48 P, mid, D-LAD 89 Q 
3 56M = = ~ 18 ALAD 85o w2 
oA 54M ~ ~- ~ 36 A-Right? 99 “20 
5 67M - + ~ 18 Mid-LADE 68. AS 
6 62M + =- ~ 48 A-LAD 7L : BO 
sane ene aea = — — A-Diag. 62 ; OT: 
wen ee + = 50 A-LAD* 95 27 
7 67F + + _ 84 P-LAD 73 ; ) “20 
8 BOF + + -= 6 P, mid, D-LAD 95 : 10. 
9 63F ~ + + 6 D-LAD 90 20.085 
10 57F ~ + + 5 A-LAD 73 O° 
e — — oe oe P-LAD 62 10 
sete te oe + - 8 A-LAD* 84 8 
t1 60M + ~ ~ 36 Mid, D-LADS 90 0 
12 52M + + ~ 48 A-LAD 75 0 
13 48M - - ~ 3 A-LAD 95 50: 
14 25F + + - 6 ALAD 66 16. 
15 44M + + - 36 A-LAD 95 8 
16 FOM - ~ ~ 24 A-LAD 78 34 











*Repeat dilatation tor restenosis. 

tRight internal mammary graft. 

tate coronary bypess operation 

A = anastomosis; D= Tital; Diag. = diagonal; LAD = 
present; somes HOF applicable. 


hospital myocardial infarction or died. Coronary bypass 
surgery was performed within 48 hours in 2 patients with 
unsuccessful angioplasty and persistent symptoms. Per- 
cent diameter stenosis before the procedure was signifi- 
„cantly higher in lesions with an unsuccessful outcome 
(96 & 2 vs 81 + 11% for successfully treated lesions 
[p = 0.015]), although lesion morphology was similar in 
the 2 groups (Tabie IID). During the follow-up period, 16 
of the 18 patients (89%) in whom follow-up was avail- 
able reported symptomatic improvement (Figure 1). Re- 
peat catheterization demonstrated restenosis at the site 
of angioplasty in 3 patients. Coronary angioplasty was 














rr n 
TABLE I} Morphology of Lesions Involving the Internal 
Mammary Artery 
Unsuccessful Successful 
(n= 4) (n = 20) 
Before procedure 
Cerigth (mm) 17 #15 12% 12 
Eccentric 0 (0) 4 (20) 
Diffuse graft disease 2 (80) 4 (20) 
Bend 2 45° 0 (0) 6 (30) 
Proximal tortuosity 2 (50) 13 (65) 
“Number of bends = 90° 2243.9 2.2 +2.6 
o before lesion ou z 
Lumina regularity: 0 (0) 425) 
After procedure : 
Minor-dissection = 0 {0} 3 (15) 
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left anterior descending artery; Mi= myocardial infarction; P = proximal; RCA = right coronary artery; ~ = absent; + = 








performed in 2 of these patients and repeat bypass w sur- 
gery was performed in 1. One additional patient with — 
persistent symptoms after successful angioplasty under- oe 
went repeat bypass operation without repeat coronary 
arteriography. l 
Angioplasty of stenoses within internal mammary by- 
pass grafts is a useful therapeutic alternative in patients 
with recurrent symptoms after coronary bypass opera- 
tion.!~4 In this series of 20 consecutive patients undergo- 
ing coronary angioplasty of 24 internal mammary graft 


IV 


nyHa Hl 
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“42 Month | 
Follow-up _ j 
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"FIGURE 1. New York Heart Association (NYHA) functional 


eplasty (Pre-PTCA) and an average of 12 months after coro- oe 
mammary Kee Senet. ae 
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stenoses, a lesion success rate of 83% is reported. Lesions 

in this series were often long (average length 13 + 12 
_mm) and frequently located in vessels with severe proxi- 
_ mal tortuosity (63%) or, on occasion, in diffusely diseased 









rterial grafts (25%). Angioplasty was successfully per- 
_ formed in 2 patients with diffuse stenoses involving the 
-entire extent of the internal mammary graft; sequential 
oon inflations along the length of the graft resulted in 
marked improvement in its overall dimensions. Percent 
_ diameter stenosis before the procedure was higher in un- 
_ Successfully dilated lesions than in lesions with a success- 
- ful outcome (p = 0.015), similar to findings in native 
_ vessel coronary angioplasty.° Analysis of other pre-proce- 
dural lesion morphologic features failed to demonstrate 
any other significant correlates of an unsuccessful out- 
come, although all unsuccessful lesion attempts were se- 
_ vere (295%), concentric stenoses without apparent lumi- 
_ nal irregularities suggestive of thrombus, and all involved 
_ the anastomotic site of the internal mammary graft. Fail- 
ures were attributed to the inability to cross and dilate the 
astomotic stenosis rather than to elastic recoil or the 
velopment of periprocedural complications. 
In the present series, long-term symptom improve- 
: ment was obtained in 90% of patients 12 months after 
_ internal mammary angioplasty (Figure 1). Previous se- 
ries have reported a similar incidence of late improve- 
_ment.!-4 Recurrence of symptoms due to restenosis has 
n reported in 0 to 31% of successfully treated patients, 
hough angiographic follow-up rates have been ex- 
y low in most series (<25%), and the true incidence 
ographic restenosis is not known.'~4 Furthermore, 
dditional 5 to 10% of patients require repeat bypass 
ation because of incomplete revascularization or pro- 
: gression of multivessel coronary disease.'~4 In the present 





















series, 2 patients developed restenosis at 2 and 3 months 
after angioplasty, both successfully treated with repeat 
dilatation. Two patients underwent coronary bypass op- 
eration due to recurrent or persistent symptoms attribut- 
ed to multivessel coronary artery disease. 

The present series has several limitations, First, the 
small number of lesions with an unsuccessful outcome 
limits the overall power to detect small differences in the 
identified clinical and angiographic subsets. Second, as in 
prior series,'~4 angiographic follow-up was obtained only 
in patients with recurrent symptoms. As a result, the 
incidence of angiographic restenosis was not évaluated. 
Finally, all patients in the present series had multivessel 
coronary artery disease; subsequent revascularization 
may have been dictated by persistent or recurrent symp- 
toms of concomitant coronary disease not directly related 
to recurrence of the internal mammary artery stenosis. 
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1 Value of Ventilation/Perfusion Scans Versus Perfusion Scans Alone in 


Acute Pulmonary Embolism 


: Paul D. Stein, MD, Michael L. Terrin, MD, MPH, Alexander Gottschalk, MD, Abass Alavi, MD, 


an Jerald W. Henry, BS 


T he value of ventilation/perfusion (V/Q) lung scans 
in the diagnosis of acute pulmonary embolism (PE) 
was described in the results of the collaborative study of 
the Prospective Investigation of Pulmonary Embolism 
-Diagnosis (PIOPED).' The effects of preexisting cardiac 
or pulmonary disease and of a normal chest radiograph 
on the diagnostic value of V/Q scans? were also de- 
_ scribed among patients in PIOPED. The present report 
_ assesses the value of V/Q scans compared with that of 
perfusion scans alone in the diagnosis of acute PE. 

_. Patients reported in this investigation participated in 
me collaborative study of PIOPED. Patients were ran- 
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domly assigned to 2 groups. The first group consisted of 
patients selected for obligatory pulmonary angiography, 
providing that their V/Q scans were abnormal. Patients 
in this group were included in the PIOPED report of the 
value of V/Q scans in acute PE! The second group 
included patients who underwent angiography only at 
the request of their attending physicians based on clini- 
cal circumstances. These patients were not included in 
the original PIOPED report. The present investigation 
includes data collected from both groups of patients in 
PIOPED. 

Ninety-eight patients with suspected acute PE were 
randomly selected to have perfusion scans read indepen- 
dently of, as well as in combination with, the ventilation 
scans. These lung scans were read without knowledge of 
the clinical manifestations or results of the pulmonary 
angiograms. PE was diagnosed by pulmonary angiogra- 
phy in 29 of these patients. PE was excluded by angiog- 
raphy in 33 patients and by outcome committee classifi- 
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“TABLE 1 Patient Characteristics 
: V/Qand Perfusion V/Q Evaluation 
Evaluation (n = 98) (n = 1,389) 
Age Gyn 56 £18 55217 
“Men = : 48 (49%) 627 (45%) 
Hospital service 
Medical /CCU 46 (47%) 532 (38%) 
`- Surgical 18 (18%) 252 (18%) 
‘Outpatient 4 (4%) 58 (4%) 
Emergency roort 19 (19%) 390 (28%) 
> Intensive care urit 10 (10%) 141 (10%) 
Other 1 (1%) 16 (1%) 
Hospital mortality 7 (7%) 60 (4%) 
Associated diagnoses 
COPD 11 (11%) 180 (13%) 
Asthma 7 (7%) 118 (8%) 
Pneumonia 4 (4%) 99 (7%) 
ARDS 0 (0%) 3 (0.2%) 
Myocärdial infarction 12 (12%) 187 (13%) 
Coronary heart disease 24 (24%) 287 (21%) 
PaO2 (mm Hg) 67 + 16 7O+17 
(n = 81) (n = 1,021) 
PA mean pressure (mm Hg) 24+ 11 23+ 10 


(n = 65) (n = 1,014) 


Continuous variables are reported as mean + SD, No differences between groups 
ware statistically significant. 

ARDS = acute resp-ratory distress syndrome; CCU = coronary care unit; COPD = 
chronic obstructive pulmonary disease; PA = pulmonary artery; PaO = partial 
pressure of oxygen in arterial blood; V/Q = ventilation/perfusion. 








cation in 5. The diagnosis was uncertain (angiogram or 
outcome classification not performed) in 31 patients. 
Therefore, the diagnosis of PE was established in 67 
patients, and the diagnostic validity of V/Q scans com- 
_ pared with that of perfusion scans alone was evaluated 
in these patients. Comparisons of the frequency of vari- 
ous scan hia ga! (high probability, intermediate 
probability, | low probability, and near normal/normal 
scans) were obtained in all 98 patients. Criteria for the 
diagnosis of PE by angiography were the identification 
of an embolus obstructing a vessel, or the outline of an 
-embolus (filling defect) within a vessel. Methods of pul- 
monary angiography and of outcome classification were 
` -previously described.! 

` Methods of obtaining and interpreting V/Q scans 
were previously described.! Perfusion scans alone were 

read according to the same criteria. as V/Q scans, except 
the location of perfusion defects was related only to the 
location of abnormalities on the plain chest radiograph. 
Perfusion scans were read by radiologists at centers oth- 
er than the one at which the V/Q scan was read. 

Comparisons of the characteristics of the 98 patients 
randomly selected for comparisons of perfusion with 
V/Q scans were made with those of the 1,389 patients 
who were not randomly evaluated by both V/Q scans and 
perfusion scans alone. 

A chi-square test with Yates’ correction was used to 
compare the prevalence and distributions of clinical fea- 
tures, and to compare the predictive value, and individu- 
al sensitivities and specificities of V/Q scans. Positwe 


predictive value was defined as the percentage of patients’ 


with an abnormal V/Q scan who had PE. Sensitivity was 


` defined as the proportion of cases of PE correctly diag- 


nosed. Specificity was defined as the proportion of nega- 


tive tests among patients in whom PE was absent. Com- 














TABLE tt Pulmonaiy i Emboli ism A Athond 67 Patients with 
Various: Probability Ventilation/Perfusion Scans and Perfusion 
Scans Alone 

















V/Q Sean, Perfusion 
interpretation +PE/No. of Scan, +PE/ 
(probability of PE) Pts. (%) No. of Pts. (%) 
High 5416 194) 14/15 (93) 
intermediate 9/25 (36) 14/38 (37) 
Low 5/25 (20) 0712-0) ; 
Near normal/nermal O/1 (0) 1/2 (50) : 
All differences between vantilation/ perfusion (v/Q):seans and pertasion scans alone | 
were not significant. i 
PE = a aula embolism. een ner 
TABLE Ii Lung Scan Interpretations in 98 Patients with 
Ventilation/ Perfusion Scans and Perfusion Scans Alone 








Perfusion Scan 








Interpretation V/Q Sean 
(probability of PE) (F (%) 
High 18 (18) 17 (17) 
intermediate 34 (35) 48 (49) 
Low 37 (38) 23,(23)* 
Near normal/normal 9 (9) 10.(10) 
*p <0.05 


Abbreviations as in Tabie IL 








parisons of continuous variable means were performed ` 
with Student's t test. All results are based on computa- 
fions performed at the Henry Ford Heart and Vascular — 
Institute using a data tape provided by the PIOPED data — 
and coordinating center. ; 
The characteristics of the 98 patients randomly select- 
ed for analysis of their perfusion scans alone (in addition 
to their V/Q scans) were compared with those of the- 
remaining patients who were not selected for comparative ef 
analyses (Table I). No characteristic showed.a statistical- 
ly significant difference between the groups. a 
The positive predictive value of high-probability V/ Q ir 
scans was 15 of 16 (94%), which did not differ significant- =- 
ly from that of high-probability perfusion scans (14 0f 15. 
[93%]) (Table If). The frequency of PE among patients 
with low-probability V/Q scans (5 of 25 [20%]) did not. - 
differ significantly from that of low-probability perfusion 
scans alone (0 of 12 [0%]; p = not significant [NS]). Few 
patients had nearly normal/normal V/Q or. perfusion 
scans. 
More patients who had V/Q scans had low-probabili- 
ty interpretations than did those with perfusion scans 
alone (37 of 98 [38%] vs 23 of 98 [23%]; p <0.05) (Table. 
EI). The frequency of high- or intermediate-probability, 
or near normal/normal lung scans was similar among 
V/Q scans and perfusion scans alone (p= NS). 
The sensitivity of high-probability V/Q scans (15 of 
29 [52%]) did not differ from that of high-probability — 
perfusion scans (14 of 29 [48%]; p = NS). The specificity 
of high-probability V/Q scans.(37 of 38 [97%]) was- 
identical to that of high-probabilt ty perfusion scans G7 ofo 
38. [97%]). 
Ventilation scans were obtained i in combination with a 
perfusion scans with the thought that ventilation would — 
be abnormal in areas of pneumonia or local hypoventila- 
tion, but would be normal in 1 PE. 4 The present my 





1240 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 6 MAY 1 1992 





: indicates that a high-probability perfusion scan has no 
- less diagnostic validity in acute PE than does a high- 


obability V/Q scan. Similarly, a low-probability or 
ear normal/normal perfusion scan excluded PE with no 
less validity than did a low-probability or near normal / 
ormal V /Q scan, Somewhat more patients who had only 
sion scans had intermediate (indeterminate) proba- 
ility readings than did those with V/Q scans, but this 
difference was not statistically significant. Therefore, the 
ta indicate that if ventilation scans cannot be per- 
__ formed, reliable information can be obtained if the inter- 
-pretation of the perfusion is high or low probability, or 
_ near normal/normal. If the perfusion scan is interpreted 









as intermediate probability for PE, a subsequent VQ scan 
may change the interpretation to a more definitive proba- 
bility. 
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à ardiovascular disease is the leading cause of death in 
women. Early reports of the results of coronary ar- 
tery bypass grafting (CABG) and percutaneous translu- 
minal coronary angioplasty (PTCA) in women! sug- 
ed increased procedural risks compared with those in 
hich may have, in part, led to a reluctance to offer 
ularization procedures to women with coronary 
disease.’ More recent experiences indicate that the 

k of both CABG and PTCA in women may be 
Teater than in men.*» To further evaluate the risk and 
esults of PTCA in women compared with in men, we 
examined the influence of gender on the procedural re- 

‘sults in a large cohort of patients treated with PTCA. 
_ The clinical features and procedural results from our 
Initial 10,000 PTCA procedures were prospectively en- 
tered ina computer database. The 9,175 patients treated 
with PTCA for indications other than acute myocardial 
infarction were considered for analysis in this study. 
Successful dilatation of a narrowing was defined as a 
reduction in diameter stenosis after PTCA to <40% in 
multiple views by visual assessment. Procedural death 
_was defined as any death before hospital discharge. Pro- 

cedural infarction was defined by the development of O 
waves on electrocardiography after PTCA. 

.. Results and complications were compared in men 
and women using Student's t test for continuous vari- 
_ables, and Fisher's exact test for categorical variables. 
_ Stepwise logistic regression analysis was used to exam- 
ne independent predictors of in-hospital death. Factors 
analyzed included gender, age, prior CABG, left ventric- 
„ular function, left main coronary artery narrowing and 
equivalent anatomy, number of diseased vessels with 
270% diameter stenosis, New York Heart Association 
gina classification and presence of prior myocardial 
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infarction. The multivariate odds ratio was calculated ás 
the natural algorithm of the regression coefficient and 
reflected the independent risk of death associated with — 
the presence of a specific variable when all other vari- 
ables were held constant. Data are mean + SD. A p value 
<0.05 was considered significant. 

Inall, 9,175 PTCA procedures were analyzed. Table 
{ compares clinical features between the 7,142 men and 
2,033 women treated with PTCA. Women were older, 
and more frequently had class IV angina and diabetes 
mellitus. Fewer women had 3-vessel disease, prior 
CABG or left main narrowing. 

A comparison of the procedural results and compli- 
cations in men and women is shown in Table II. Death 
was more frequent in women, whereas the rates of myo- 
cardial infarction and emergency CABG were compa- 
rable. 

Multivariate analysis of independent predictors of 
in-hospital death after PTCA identified (in descending 
order of importance) the number of coronary arteries 
with 2.70% narrowing, left ventricular ejection fraction, 
absence of prior CABG, New York Heart Association 
class IV angina and age. After adjustment for the in- 
creased age and anginal symptoms of women, PTCA in 
women was not identified as an independent predictor of 























TABLE | Comparison of Clinical and Angiographic Features in 
Men and Women Treated with Percutaneous Transluminal 
Coronary Angioplasty 

| Men Women — pValue 

L : 
No. of pts. 7,142 2:033 n 
Age (yr) 59+ 10. 642 :10- <0.001 
Prior bypass surgery (%) 1,788:(25) 350117}: <0.001 
Diabetes mellitus (%) 86512) 47423) <0.001 
NYHA angina class IV (%) 2,548 (36). 1,084 (53) <6.001- 
Ejection fraction <0,40 (%) 693.10)" 18819) OG 
Left main coronary narrowing (%)- "156 (2) 23 (i) 0,002 
S-vessel coronary narrowing (%) -2,660 (37) 60930) <0.001 

NVHA = New York Heart Association. ; : : 4 
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-TABLE 1 Comparison of Procedural Results and Complications 
| in Men and Women Treated with Percutaneous Transluminal 
Coronary Angioplasty 

















Men Women p Vaise | 

No. of pts. 7,142 2,033 

. Narrowings treated 17,361 4,517 
Successful PTCA of narrowing (%) 16,451 (95) 4,273 (95) 0.8 
Multivessel PTCA (%) 3,063 (43) 7396(39) 091 
Emergency bypass surgery (%) 1171.6) 32(1.6) 08 
Procedural infarction (%) 98{1.4) 34(1.7) 03 
Hospital death (%) 5710.8) 29(1.4) 03l 
Any major-complication (%) 232 (3.2) 7513.7) 03 





PTCA = percutanegus transluminal coronary angioolasty. 











| TABLE It Multivariate Odds Ratio of Variables Independently z 
Predictive of In-Hospital Death After Percutaneous 
Transluminal Coronary Angioplasty in 9,175 Patients 


Variable Odds Ratio | 
i 3-vessel coronary narrowing 18 
2-vessel coronary narrowing 
Ejection fraction <0.40 

No prior bypass surgery 
NYHA angina class IV 

Age 270 years 


|peneoveannemamamnnsa 
NYHA = New York Heart Association. 











who 











in-hospital mortality. The multivariate odds ratios are 
shown in Tabie HI. 

Our results from a large experience with PTCA show 
that women are more likely than men to die in-hospital 
after PTCA, but that this difference disappears after 
adjusting for potential confounding clinical and angio- 
graphic variables. This observation has important impli- 
cations for the care of women with coronary artery dis- 

“ease. The. initial multicenter report examining gender 
related differences with PTCA performed from 1977 to 
1981 reported lower success and higher in-hospital mor- 
tality when PTCA was performed in women.? In an up- 
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dated analysis of predictors of procedural mortality for 
PTCA performed i in the years 1985 to 1986, female gen- 
der was again identified as an independent predictor of 
death,‘ and it was suggested that female gender be one of 
the variables used to weigh the decision whether to per- 
form PTCA, 

Evidence for potential underuse of therapeutic proce- 
dures in women hospitalized for coronary heart: disease 
was recently identified. 3 Data from >80,000 hospital dis- 
charges in 1987 indicated that women with any form of 
coronary heart disease were significantly less likely than 
men to undergo coronary angiography and myocardial 
revascularization. These data remained significant even 
when only patients with acute myocardial infarction were. 
analyzed.? Our data showing that female gender is not 
independently predictive of procedural mortality, togeth- 
er with the favorable results of PTCA in women found by. 
McEniery et al,> suggest that PTCA should not be with- 
held in women who are thought to be appropriate ana- 
tomic candidates for fear of reduced success or increased 
major complications. Whether identification of women. 
with coronary heart disease earlier in their course may 
improve the procedural outcome with PTCA (as has been 
suggested with CABG)* remains to be determined. 


1. Loop F, Golding L, Macmillan J, Cosgrove D, Lytle B, Sheldon wW. Coronaty 
artery surgery in women compared with men; analyses of risks and long-term : 
results. J Am Coll Cardiol 1983;1:383~390. 
2. Cowley M, Mullin S, Kelsey S, Kent K, Gruentzig A, Detre K, Passamani EL 
Sex differences in carly and long-term results of coronary angioplasty in the 
NHLBI PTCA Registry. Circulation 1985,71:90-97. 

3, Ayanian J, Epstein AM. Differences in the use of procedures between women 
and men hospitalized for coronary heart disease: N Engl J Med. 1991;325:. 
221-225, 

4. Khan S, Nessim S, Gray R, Czer L, Chaux A, Matioff J, Increased mortality of 
women in coronary artery bypass surgery: evidence for referral bias. Ann Inter j 
Med 1990;112:561~567. 
S. McEniery P, Holtman J, Knezinek V, Dorosti K; Franco- Simipfendorfer (on 
‘Whitlow P. Comparative safety and efficacy of percutaneous transluminal:coro- 
nary angioplasty in men and women. Cathet Cardiovase Diagn 1987;13:364-371. 
6. Holmes D, Holubkov R, Vlietstra R, Kelsey S, Reeder G, Dorros G, Williams 
D, Cowley M, Faxon D, Kent K, Bentivoglio L, Detre K. Comparison of complica: 
tions during percutaneous transluminal coronary angioplasty from 1977 to. 1981 
and from 1985 to 1986. J Am Coll Cardiol 1988;12:1149~1155. 
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iness of Silent Subendocardial Ischemia Detected by 
rent Depression in Postmyocardial Infarction Patients as a 
of Ventricular Arrhythmias 


ne Camacho, MD, Josep Guindo, MD, and Antonio Bayés-de-Luna, MD 





re is conclusive experimental and clinical evidence 
__ B that severe, transmural and persistent acute ischemia 
: (silent or symptomatic), the maximum exponent of which 
is myocardial infarction, can trigger malignant ventricu- 
Jar arrhythmias and sudden cardiac death.! Furthermore, 
_a relation between severe acute transmural but transient 
ischemia appearing during Prinzmetal’s angina? or dur- 
_ing percutaneous transluminal angioplasty? and ventricu- 
lar arrhythmias is well known, although such arrhyth- 
mias are rarely malignant. However, the relation between 
ventricular arrhythmias and subendocardial ischemia (si- 
lent or symptomatic) has only been partially studied, and 
sults are contradictory.47 

~- To determine whether there is a clear relation be- 
-tween episodes of silent myocardial ischemia detected by 
Holter electrocardiography and ventricular arrhyth- 
mias; we prospectively studied 70 consecutive postmyo- 
cardial infarction patients (65 men and 5 women, aged 
: “years, mean 54 + 10). The infarction involved the 
terior wall in 28 cases (40%), inferior wall in 38 (54%) 
as non-Q-wave in 4 (6%). No patient had other 
ated heart disease. No patient was an insulin-de- 
diabetic, nor did any have arterial hypertension 
disease-producing alterations in the ST segment 
baseline electrocardiogram. 

Ten to 20 days after the acute Phase of myocardial 
infarction, all patients in the study underwent Holter 
electrocardiography (24 to 48 hours of recording) (Ni- 
hon-Kohden 3-channel model, DMC-3000K, Tokyo, Ja- 
Pan), exercise testing (modified Bruce protocol) and iso- 
topic ventriculography (Gammacamera GE-Maxi con- 
nected in line with a digital Gamma-I1; images were 
obtained after in vivo red blood cell labeling with 20 mCi 
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of technetium-99m; each cardiac cyele comprised 21 
frames of 740,000 counts each). During Holter electro- 
cardiography, episodes of evident silent myocardial 
ischemia were defined as those producing ST-segment 
depression 2 1 mm, lasting >1 minute, and with an inter- 
val of 1 minute between episodes. For each episode, we 
also studied periods of 5 minutes before and after ST- 
segment depression, and considered these to be periods 
of probable silent ischemia. We wanted to determine 
whether the incidence of ventricular arrhythmias during 
these periods is greater than that during control periods 
(without ischemia). Global silent ischemia was defined 
as the sum of evident and probable silent ischemia. 

Of the 70 postmyocardial patients studied, 21 pre- 
sented with silent myocardial ischemia by Holter elec- 
trocardiography (30%). In all, we recorded 113 episodes 
of ST-segment depression: 110 (97.3%) were silent, and 
only 3 (2.7%) (all occurring in I patient) were symptom» 
atic. During 643 hours and 54 minutes of Holter moni- 
toring, we recorded 601 hours and 20 minutes without 
ischemia, 24 hours and 18 minutes of evident silent isch- 
emia, and 18 hours and 10 minutes of probable silent 
ischemia (42 hours and 28 minutes of global silent isch- 
emia). 

The duration of 110 episodes of silent myocardial 
ischemia ranged between | and 51 minutes (mean 11.9 + 
9.4). ST-segment depression ranged from 1 to 2.5 mm 
(mean 1.2 + 2.4). Ventricular premature complexes ap- 
peared in 19 of the 110 events (17,2%). Table I shows the 
incidence of ventricular arrhythmias during periods of 
evident, probable and global ischemia, and without isch- 
emia. There were no significant differences between 
groups. Furthermore, we found no statistically signifi- 
cant differences between episodes with and without ven- 
tricular arrhythmias regarding duration of events, heart 
rate and ST-segment depression. Although ventricular 
premature complexes were more frequent in patients 
with (309 + 776/24 hours) than in those without (116 + 
313/24 hours) silent myocardial ischemia, differences 
were not statistically significant. The percentage of pa- 
tients with frequent ventricular premature complexes 





Holter Monitoring 


TABLE! Relation Between Silent Myocardial Ischemia and Ventricular Arrhythmias in 





Silent Ischemia Time 





Absent 
Present 
Probable 
Global 


601 hours, 20 minutes 
24 hours, 18 minutes 
18 hours, 10 minutes 
42 hours, 28 minutes 


VPC Couplets and Runs 

6,400 = 10.64 x hour 48 = 0.07 x hour 
176 = 7.33 x hour 2 = 0.08 x hour 
339 = 18.80 x hour 20.11 « hour 


515 = 12.20 x hour 4 = 0.10 x hour ae 








YPC = ventricular premature complexes. 
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-(210fhour) or complex ventricular arrhythmias (pairs - 


“or salvos) was similar in both groups. 

Twenty-eight patients presented with ST: -segment 

depression =1 mm during exercise testing. Mean ST- 

-segment depression was 1.8 mm (range 1 to 3.5 mm). In 

-11 patients, ST deviation was accompanied by angina. 
Ventricular arrhythmias were present in 13 patients 

< (19%); 7 of 42 (17%) without ST-segment depression, 2 
of 11 (18%) with angina and ST-segment depression, 
and 4 of 17 (24%) with ST-segment depression without 
angina (p = not significant). The mean ejection fraction 
for all patients was 43%, and no differences were ob- 
served between those with and without ischemia, or those 
with silent and symptomatic ischemia. 

There are contradictory results regarding the associa- 
tion of silent ischemia and ventricular arrhythmias in 
patients with stable coronary artery disease. Although a 
relation between the 2 was reported in studies by Stern et 
al4 and Carboni et al,> studies by Hausmann et alf and 
Graboys et al’ appear to indicate the contrary. In patients 
with malignant ventricular arrhythmias, Gomes et alë 
and Bayés de Luna et al? were not able to demonstrate 
that silent ischemia had an important role in triggering 
such arrhythmias. However, ST-segment alterations sug- 
gestive of myocardial ischemia have been found in ap- 
proximately one third of patients who died suddenly while 
undergoing Holter monitoring.” 9,10 Our study differs from 
those published to date in that all our patients had a 
recent myocardial infarction with a moderately depressed 
ventricular function (mean ejection fraction 43%). 

` We conclude that in this selected group of postmyo- 
cardial infarction patients with moderate left ventricular 
dysfunction, silent subendocardial ischemia (defined as 
ST-segment depression between 1 and 2.5 mm) is not 
accompanied by an increase in ventricular arrhythmias. 
However, the high-density ventricular arrhythmias dur- 
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ing nonlschemic periods cue that , postinfaretion pa- 
tients have a global mechanism for arrhythmias, which 
may mask the relation of silen: ischemia to arrhythmias, 
It remains unclear whether more severe subendocardial 
ischemia is associated with ventricular arrhythmias. As. 
with Prinzmetal angina,” in which a clear association 
between the degree of ST elevation and ventricular ar- 
rhythmias has been demonstrated, a correlation between 
the degree of ST depression and the incidence of ventricu- 
lar arrhythmias may be possible in subendocardial isch- 
emia. Further studies should be performed to investigate 
this possibility. 


4. Kannel W, Cupples L, D’Agostino R, Suddendeath risk in overt coronary heart 
disease: the Framingham Study, Am Heart J 1987;113:799-804. 

2. Bayés de Luna A, Carreras F, Cladellas M, Oca F, Sages F, Garcia Moll M. 
Holter ECG study of the electrocardiographic phenomena in Prinzmetal angina 
attacks with emphasis on the study of ventricular arrhythmias. J Electrocardiol 
1985;18:267-276. 

3. Meinertz T, Zehender M, Hohnloser 5, Just H. Prevalence of ventricular 
arrhythmias during silent myocardial ischemia. Cardiovase Rev & Rep 1988; 
(suppl):34-38. 

4. Stern S, Banai 8, Keren A, Tzivoni D. Ventricular ectopic activity during 
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5. Carboni GP, Lahiri A, Cashman PMM, Raftery EB. Mechanisms of arrhyth- 
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angina pectoris. Am J Cardiol 1987;60:1246-1253. 
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Incidence of ventricular arrhythmias during transieht myocardial ischemia in 
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9. Bayés de Luna A, Coumel P, Leclercq JF. Ambulatory sudden cardiac death; 
mechanisms of prodaction of fatal arrhythmia on the basis of data from 157 cases, 
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10. Pepine CJ, Gottlieb SO, Morganroth J. Ambulatory ischemia and sidden 
death; an analysis of 35 cases of death during ambulatory minitoring bonis J 
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rational Definition of Normal Sinus Heart Rate 


vid H. Spodick, MD, DSc, Padma Raju, MD, Richard L. Bishop, mD, and Robert D. Rifkin, MD 


Jeart rate (HR) is an accurately measurable descrip- 
of patients’ status immediately available to physi- 
s without special instrumentation. Accepted limits of 
HR have long been set at 60 and 100 beats/min for 
normal sinus rhythm. Experience suggests that both these 
_ traditional limits are too high, except under undue auto- 
nomic activation, an imposed abnormality. In practice, 
this translates into suspicion of abnormality when a pa- 
tient has a resting HR between 90 and 100 beats/min, 
_ father than a rigidly classified “tachycardia” at >100 
_ beats/min. Furthermore, with the current emphasis on 
_ fitness we are not unduly concerned with the asymptom- 
__ atic patient with a resting HR between 50 and 60 beats / 
un. Whereas 1 distinguished investigator reported the 
ditional limits of 60 and 100 beats/min as “generally 
eed”! (and they are indeed long-established New 
_ York Heart Association recommendations),? a search of 
_ previous publications revealed no investigations that sys- 
__ tematically define sinus tachycardia and bradycardia for 
_ clinical application. We reexamined the question of oper- 
tional definitions for sinus bradycardia and tachycardia. 
Our investigation was designed to determine if a clinically 
mal population suggested other limits, compare them 
the literature and, if comparable, redefine sinus 
hycardia and bradycardia. 
We reviewed the data of 500 consecutive asymptom- 
vand women (aged 50 to 80 years) who attended 
ing clinic and had no history or clinical findings 
istent with diseases of the heart, cardiovascular sys- 
_ tem or other systems. History included detailed state- 
_ ments of any significant illness beyond mild respiratory 
_ Infections and equivalent conditions, any symptoms of 
‘diac, pulmonary or other disease, and particularly 
_attacks of paroxysmal abnormal heart action and regu- 
lar or current use of medications (except occasional 
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symptomatic treatments). Detailed physical examina- 
tions were negative for all systems. Laboratory studies 
included standard chest x-ray, electrocardiogram, urine 
analysis, and complete blood count and glucose. 

HRwas measured from electrocardiograms recorded 
between 1 and 5 P.M. The relation between HR and age 
was analyzed by linear regression. Confidence limits 
and significance testing of the correlation coefficients 
was performed using Fisher’s Z transformation: 
Z = 1/2Ln(1 + rho)/U — rho), where rho is the correla- 
tion coefficient 3 

These normal subjects included 367 women and 123 
men. The breakdown by sex, age and HR (rounded 
means, SD and 95% confidence intervals) is shown in 
Table I. For this sample, mean HR by quinquennium 
was within the narrow range of 67 to 76 beats/min, with 
fairly wide SD for each subgroup. For the entire sample, 
mean HR was 69 and 73 beats/min for men and women, 
respectively. 

Linear regression of HR against age in women yield- 
ed: HR = (0,095 X age) + 67.34, correlation coefficient 
0.063 (95% confidence limits —0.04 to 0.164; SEE 
11.22), In men, HR = (—0.02 X age) + 70.87, correla- 
tion coefficient 0.014 (95% confidence limits -0.16 to 
0.191; SEE 12). Thus, there was no clinically important 
dependence of HR on age, nor was any statistically sig- 
nificant relation between these variables detected, de- 
spite the large sample sizes. Two SD yields rounded 
extremes of 46 and 93 beats/min for men, and 51 and 95 
beats/min for women. 

Our clinical impression that traditional HR limits 
(unsupported except by general acceptance)! are nonop- 
timal agrees with the results of this study, indicating 
extremes of 46 and 95 beats/min to be more realistic than 
the traditional 60 to 100 beats/min for resting normal 
sinus HR. For practical purposes, rounded thresholds of 
50 and 90 beats/min should alert the clinician to HR 
abnormality. Furthermore, the results are remarkably 
similar to the reported resting HR in very large normal 
series. The Framingham Heart Study participants with- 



































| TABLET Heart Rates by Gender and Age (n = 500)* 
. Men Women 

-Age No. of HR 95% No. of HR 95% 

ciy) Pts. (beats/min) cl Pts. (beats/min) cl 

50-54 13 75415 45-105 57 71+10 52-90 

55-59 40 67 + 10 47-87 111 74 +10 53-94 
60-64 21 70 +13 45-96 88 73411 52-94 
65-69 23 67 + 10 48-87 47 72413 47-98 

70-74 19 71413 47-96 43 76 +11 ‘54-98 
TBO 7 7i+ 14 43-99 21 73 412 50-96 
: Total 123 69 + 12 43-93 367 io 732,11 52-94 d 
I numbers rounded. 
= conlidence intervals; HR = heart rate. 

imeinremicnneninortndemaine 








BRIEF REPORTS. 1245 




















nee ‘out. deroastra le disease in age deciles 35t to 544 through 
75 to 84 years had a mean HR of 74 to 76 beats/min, 
with a slight to absent age trend.‘ In that study, overall 
and cardiovascular mortality rates increased progressive- 
ly with resting HR, with no indication of critical values or 
thresholds. (In this connection, 1-year mortality after 
“myocardial infarction correlated with numerous factors, 
but only HR was independently predictive on multivari- 
ate analysis, especially at >90 beats/min® [ie., a flat 
trend from <50 to 70 beats/min, then increased progres- 
sively, particularly when >90 beats/min].) 

HR greater than the convenient traditional tachycar- 
dia threshold of 100 beats/min tends to alarm the physi- 
cian in asymptomatic as well as symptomatic patients 
and needs further investigation. But is 100 beats/min a 
realistic threshold? That tachycardia (however defined) 
should raise a red flag is seen in the consistent relation of 
cardiovascular death to resting HR in both sexes and at 
all ages.*°!9 These subjects may have had relative or 
absolute resting tachycardias (depending on definition) 
related to poor physical fitness, subclinical reduction of 
cardiac reserve due to decreased myocardial function,*!! 
inappropriate sensitivity to autonomic factors, or a hyper- 
beta-adrenergic state.!2-!5 Furthermore, the latter may 
also signify acute or chronic cardiac or noncardiac dis- 
ease, which the clinician would investigate. Our results 
suggest a lower threshold for such investigation. Similar- 
ly, bradycardia (particularly in the elderly who are not 
physically fit) may need further evaluation (e.g., for sino- 
atrial node dysfunction if patients are symptomatic), and 


our data again indicate a lower HR threshold. 


The results of this study suggest a new consensus: 45 
and 95 beats/min to define the extremes of normal sinus 
HR. For operational simplicity (because so many of the 
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subjects had HR between n 50 and 90 beats min), per 
when HR alone alerts the clinician, these thresholds 
should be >90 and <50 beats/min to improve the sensi- 
tivity of the tachycardia threshold, and the specificity af ; 
the bradycardia threshold. ; 
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raventricular Tachycardia 
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badionuclide phase analysis may be used to assess 
_ W\cardiac function, regional wall motion and conduc- 
_ tion abnormalities. !-3 The purpose of this research was to 
_ evaluate ventricular and especially atrial phase analysis 
_ to demonstrate abnormal conduction during induced su- 
g praventricular tachycardia in patients with concealed 
- After giving informed consent, 20 subjects (12 women 
and 8 men, mean age 40 years, range 17 to 67) with 
_ supraventricular tachycardia underwent physical ex- 
mination, electrocardiography, echocardiography and 
trophysiologic study. If the latter confirmed retro- 
rade conduction by an accessory tract during tachycar- 
_ dia, patients were considered for gated radionuclide ven- 
_ triculography. This test was performed using labeled red 
_ blood cells with 25 to 30 mCi of technetium-99m, a 
gamma camera and computer (Ohio Nuclear 410 Sig- 
a, Technicare, Ohio, and Digital PDP 11/34, DEC, 
sachusetts) in the left anterior oblique view at base- 
and during induced tachycardia. Biventricular ejec- 
raction and initial harmonic phase analysis were 
tained, using Student and Wilcoxon tests to com- 














me 
Physical examination, electrocardiography and 
jocardiography were normal in all cases. Electrophys- 
_lologic study revealed a concealed tract located laterally 
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1. Mean phase angle values in basal and: 
in each cardiac chamber in 15 cases with left lateral 

tracts. Delta R-L = mean of right minus left cavity; 
significant. 



















in the left ventricle in 15 subjects, and along the septum 
in 5. Heart rates were 84 + 21 beats/min.at baseline, and 
186 + 23 beats/min during tachycardia (p <0.00001). 
Right ventricular ejection fractions were 54 + 6% at 
baseline, and 41 + 8% during tachycardia (p <0.00001); 
left ejection fractions were 69 + 8% and 60 + 11%, 
respectively (p <0.0001). In the entire group, atrial im- 
ages at baseline revealed an earlier emptying in the left 
atrium, with phase angle values significantly lower than 
in the right atrium (184 + 11° vs 173 + 16°; p= 
0.0016). These values are similar to those of our normal 


subjects.‘ In the right and left ventricles, mean phase o a 


values were not significantly different (~9.2 + 6° and 
~8.6 + 5°, respectively). Earlier left ventricular empty» 
ing in the left lateral tracts of 4 of 15 subjects (27%) 
Suggested preexcitation. 

During tachycardia in patients with left lateral tracts, 
phase images showed striking asymmetric atrial empty- 
ing in the left atrium in synchrony with that of ventricles 
in 14 of 15 cases (93%). Mean phase angle values be- 
tween both atria during tachycardia were significantly 
different from those at baseline, being much lower in the 
left atrium (Figure 1). In 1 patient, the images were not 
different from those at baseline. In the 5 cases with 
concealed septal tracts, phase images disclosed both 
right and left atrial emptying in synchrony with ventri- 
cles in 1, earlier left atrium phase in 1, and similar 
images to those at baseline in the remaining 3 cases. No 
significant difference between right and left atrial phase 
angle values was found in the subjects (Figure 2). In 
ventricles, there was no significant difference between 
left and right chambers in lateral or septal tracts (Fig- 
ures 1 and 2). 
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FIGURE 2. Moan phass agio values in hasi endl tachycardia 
studies in each cardiac chamber in 5 cases with septal con- 
cealed tracts. Abbreviations as in Figure 1. 
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Phase analysis of resting ‘radionuclide session 
oh has been used to locate accessory tracts in patients 
„with preexcitation syndromes. ? Ventricular phase shifts 
can be assessed owing to the fact that tract conduction is 
anterograde. In concealed pathways, studies can fre- 
quently be normal.> In our results, only 27% of patients 
had abnormal resting ventricular phase analysis, compat- 
ible with preexcitation and not detected by electrocardi- 
ography. This sensitivity was expected to be lower than 
that in nonconcealed tracts that have abnormal basal 
electrocardiograms.? Furthermore, it was demonstrated 
that phase images during tachycardia at the atrial level 
detected earlier left chamber emptying (in synchrony 
with the ventricles) in 93% of cases where the bypass was 
in the lateral aspect of the left ventricle, in relation to 
retrograde ventriculoatrial conduction. However, results 
were less encouraging in septal tracts, with only 1 of 5 
cases showing simultaneous earlier emptying of both 
atria, a pattern that could be considered compatible with 
a pathway in the septum. With regard to ventricular 
function, there was a significant decrease in ejection frac- 
tion during supraventricular tachycardia, in agreement 
with previous data in patients with cardiac pathology or 
very rapid heart rate.” Atrial systole out of synchrony 
with the opening of the atrioventricular valves, as well as 
the shorter diastolic period, can explain the lower ejection 
fraction. 

It is concluded that phase analysis can demonstrate 
retrograde ventriculoatrial conduction with excellent sen- 
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: sitivity in conoid left lateral tracts, if atrial (a 





than ventricular) emptying is assessed. during ‘tachy: 


dia. This method could be used in some cases when elec- 


trocardiography is not conclusive or when electrophys-_ 
iologic study. (the gold standard technique) cannot. be 
performed, but less invasive esophageal stimulation is: 
possible. Atrial phase analysis may also be improved in 
the future, if used in conjunction with single-photon emis- 

sion computed tomography. : 
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ti "| Results of Peripheral Vascular Angioplasty Performed by 





Interventional Cardiologists 


onher J. White, MD, Stephen R. Ramee, MD, 
nd Larry H. Hollier, MD 


ercutaneous transluminal angioplasty has become 
-E the procedure of choice for the treatment of selected 
_ patients with peripheral vascular occlusive disease. Since 
‘its first description in 1964,! and the development of 
inflatable balloon catheters to dilate lesions in 1974,2 the 
technique has gained wide acceptance and been per- 
formed primarily by interventional radiologists. How- 
ever, nonradiologists including cardiologists, and vascular 
Surgeons and internists who are primarily involved in the 
_care and treatment of patients with atherosclerotic vascu- 
lar disease have begun to perform this procedure. This 
generated debate regarding the necessary qualifica- 
s for certification and credentialing of physicians to 
form peripheral angioplasty. Recently, suggestions for 
aining standards were published in an attempt to ensure 
at high-quality peripheral angioplasty is practiced. 
This study reports the immediate procedural outcomes of 
a consecutive series of patients treated with percutaneous 
techniques, which represent the initial peripheral angio- 
results of experienced interventional cardiologists 
g in collaboration with vascular surgeons. 
Each primary operator (CJW, SRR, TJC) was a 
certified interventional cardiologist with a mini- 
| of 3 years experience performing coronary angio- 
ty after fellowship training. Each operator had per- 
‘ d >500 coronary angioplasty procedures as the 
primary operator, and was experienced in performing 
diagnostic aortography and renal artery angiography. In 
preparation for beginning peripheral angioplasty, we at- 
tended peripheral angioplasty demonstration courses, 
rved cases performed in a busy peripheral interven- 
onal laboratory, and a recognized expert in peripheral 
ılar angioplasty was present in our laboratory as a 
tor for the initial 5 cases. For continuing education, 
@ participate in a weekly vascular surgery teaching 
inference where case selection, results and complica- 
ns are reviewed. 
Patients were selected on the basis of anatomy and 
symptomatology. The 164 patients and 208 vessels in- 
cluded in this report represent a consecutive series of 
patients treated over 20 months (November 1988 to June 
90) and are our initial experience. Lower extremity 
gioplasty was performed in 116 patients for symptoms 
£2 block claudication (n = 24), $1 block claudica- 
n (n= 63), or rest pain or threatened limb loss, or 
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both (n = 29). On the basis of either arm claudication 
(n = 2) or inadequate dialysis flow (n = 28), 30 patients 
were selected for upper extremity angioplasty. Renal 
artery angioplasty (n = 18) was performed for both hy- 
pertension and renal insufficiency (n = 14), uncontrolled 
hypertension alone (n = 2) or renal insufficiency alone 
(n= 2), 

We routinely administered 3,000 to 5,000 units of 
heparin at the beginning of the procedure. We did not 
routinely anticoagulate patients after percutaneous 
transluminal angioplasty procedure, unless there was 
evidence of intravascular thrombus present by angiogra- 
phy. Angiography of the target lesion was performed 
before and after completion of the angioplasty procedure 
using standard cardiac catheterization cineangiographic 
equipment. A successful procedure was defined as the 
angiographic reduction of the luminal diameter stenosis 

to <20% compared with the nearest normal segment of 
the dilated vessel. 

Successful percutaneous transluminal angioplasty 
was obtained in 191 of 208 vessels (92%). In the 191 
successful procedures, percent luminal narrowing of the 
stenoses was reduced from 91.9 + 10.6% to 17.8 411.8% 
(p <0.001). Angiographic success was obtained in 155 of 
157 stenoses (99%) vs 36 of 51 total occlusions (71%) (p 
<0.01). For successful percutaneous transluminal angi- 
oplasty procedures, the lesion length was 4.9 + 6.7 cm 
(range 1 to 40) compared with 14.2 + 11.6 cm (range 1 to 
36) for unsuccessful attempts (p <0.01). For lesions <3 
cm in length, successful percutaneous transluminal an- 
gioplasty was obtained in 125 of 126 vessels (99%) vs 66 
of 82 (80%) with lesions >3 cm (p <0.01). In patients 
undergoing lower extremity percutaneous transluminal 
angioplasty, the baseline ankle brachial index increased 
from 0.56 + 0.23 to 0.87 + 0.19 (p <0.01) after angio- 
graphically successful percutaneous transluminal angi- 
oplasty. 

We did not reduce the luminal diameter narrowing to 
<20% in 17 of 209 vessels (8.1%). Most unsuccessful 
attempts (15 of 17; 88%) occurred in total occlusions, 
with 2 occurring in stenotic lesions (residual stenosis 
> 20%) (1 in a dialysis fistula, and 1 ina lower extremity 
bypass graft). In no patient did an unsuccessful attempt 
result in worsening of the clinical condition or in the need 
for emergency surgery. 

In all, 7 major complications (4.3%) occurred in 6 
patients. There were 5 major groin.complications at the 
site of vascular access, including 3 large hematomas (>5 
cm diameter) and 2 femoral artery pseudoaneurysms. 
One patient with a large femoral hematoma needed a 2- 
unit transfusion of packed red cells, and 1 treated with 
adjunctive thrombolysis and balloon dilation of a totally 
occluded femoral popliteal synthetic bypass graft had 
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_. distal embolization of thrombus, which resolved with 
continued lytic therapy. No complications resulted in 
emergency surgery, amputation, myocardial infarction, 
stroke or death. Minor complications included 4 vascu- 
lar perforations that occurred during thermal laser angi- 
oplasty procedures in totally occluded superficial femo- 
ral arteries and were without adverse sequelae. 

Our initial experience supports the hypothesis that 
experienced interventional cardiologists working closely 
with vascular surgeons have the necessary technical skills 
to perform peripheral vascular angioplasty in a safe and 
effective manner. The expertise of our vascular surgery 
colleagues was relied on for guidance in patient and lesion 
selection, which contributed to our high rate of success, 
and low incidence of complications. The results do not 
demonstrate a learning curve, although early in our expe- 
rience our case selection was certainly biased toward 
technically less challenging lesions. However, the per- 
centage of patients with totally occluded vessels (25%), 
and the average lesion length (5.8 + 8.0 cm) attest to the 
relatively difficult lesions we routinely accepted for treat- 
ment. 

The overall angiographic success rate of 92% for all 
lesions, and the 99% success rate for percutaneous trans- 
luminal angioplasty of stenoses suggests that coronary 
angioplasty skills can be effectively adapted to the treat- 
ment of noncoronary lesions. The data are consistent with 
those of other investigators in that our success rates were 
higher for non-total occlusions and lesions of shorter 
length.®” The overall major complication rate of 4.3% (7 
of 164) compares favorably with that of other studies 
published in the literature.8° 

Our experience included upper extremity arterial and 
venous. lesions, hemodialysis access grafts, renal artery 
stenoses and lower extremity arterial disease, which we 
approached with a variety of angioplasty devices and 
techniques. One advantage of applying interventicnal 
coronary techniques to peripheral angioplasty was the 
concept of using guiding catheters for renal artery angio- 
plasty. Conventional renal artery angioplasty does not use 
a guiding catheter. We reasoned that the renal artery 
ostium was analogous to a coronary artery ostium. The 
use of a guiding catheter gives the operator more control 
during renal artery percutaneous transluminal angio- 
plasty; allowing contrast visualization and translesicnal 
pressure gradient monitoring during the procedure.” 

It has been our experience that the technical skills 
necessary to perform coronary angioplasty are transfera- 





ble to the pergheal vasculature. However, an 
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standing of the natural history of peripheral disease, p: 
tient and lesion selection criteria, and the knowledge. of 
other treatment alternatives are essential elements need- 
ed to perform these procedures safely and effectively. For 
interventional cardiologists whe are inexperienced in the 
treatment of peripheral vascular disease, appropriate 
preparation and training, and a team approach (including 
an experienced vascular surgeon) are both desirable and. 
necessary before attempting percutaneous peripheral a an 
gioplasty. o 

There are inherent advantages for patients when the 
interventionalist performing the procedure is also the cli- 
nician responsible for pre- and postprocedure care (analo- 
gous to the vascular surgeon who cares for patients before 
and after surgical procedures). Judgments regarding the 
indications, timing and risk-to-benefit ratio of procedures 
are enhanced by a long-term relation between physician 
and patient. Finally, in view of the increased incidence of 
coronary artery disease in patients with atherosclerotic 
peripheral vascular disease, the participation of a cardiol- 
ogist seems appropriate. 
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Lopressor’ 


metoprolol tartrate USP 


Tablets 
Ampuls 


BRIEF SUMMARY (FOR FULL PRESCRIBING 
INFORMATION, SEE PACKAGE INSERT) 


INDICATIONS AND USAGE 

Hypertension 

Lopressor tablets are indicated for the treatment of hyperten- 
sion, They may be used alone or in combination with other 
antihypertensive agents 

Angina Pectoris 

Lopressor is indicated in the long-term treatment of angina 
pectoris 

Myocardial Infarction 

Lopressor ampuls and tablets are indicated in the treatment of 
nomodynamiosiy stable patients with definite or suspected 
acute myocardial infarction to reduce cardiovascular mortality. 
Treatment with intravenous Lopressor can be initiated as soon 
as the patient's clinical condition allows (see DOSAGE AND 
ADMINISTRATION, CONTRAINDICATIONS, and WARNINGS). 
Alternatively, treatment can begin within 3 to 10 days of the 
acute event (see DOSAGE AND ADMINISTRATION). 


CONTRAINDICATIONS 

Hypertension and Angina 

Lopressor is contraindicated in sinus bradycardia, heart block 
greater than first degree, cardiogenic shock, and overt cardiac 
ailure (see WARNINGS). 

Myocardial Infarction 

Lopressor is contraindicated in patients with a heart rate < 45 
beats/min; second- and third-degree heart block; significant 
first-degree heart block (P-R interval = 0.24 sec); systolic 
blood pressure < 100 mmHg; or moderate-to-severe cardiac 
failure (see WARNINGS). 


WARNINGS 
Hypertension and Angina 
Cardiac Failure: Sympathetic stimulation is a vital component 
supporting circulatory function in congestive heart failure, and 
beta blockade carries the potential hazard of further depressing 
myocardial contractility and precipitating more severe failure 
In hypertensive and angina patients who have congestive heart 
failure controlled by digitalis and diuretics, Lopressor should 
be administered cautiously. Both digitalis and Lopressor slow 
AV conduction 

In Patients Without a History of Cardiac Failure: Continued 
depression of the myocardium with beta-blocking agents over 
a period of time can, in some cases, lead to cardiac failure. At 
the first sign or symptom of impending cardiac failure, patients 
should be fully digitalized and/or given a diuretic. The response 
should be observed closely. If cardiac failure continues, de- 
adequate digitalization and diuretic therapy, Lopressor 
should be withdrawn 


Ischemic Heart Disease: Following abrupt cessation of 
therapy with certain beta-blocking agents, exacerbations 
ot angina pectoris and, in some cases, myocardial infarc- 
tion have occurred. When discontinuing chronically 
administered Lopressor, particularly in patients with isch- 
emic heart disease, the dosage should be gradually 
reduced over a period of 1-2 weeks and the patient should 
be caretully monitored. If angina markedly worsens or 
acute coronary insufficiency develops, Lopressor admin- 
istration should be reinstated promptly, at least tem- 
porarily, and other measures appropriate for the manage- 
ment of unstable angina should be taken. Patients should 
be warned against interruption or discontinuation of 
therapy without the physician's advice. Because coronary 
artery disease is common and may be unrecognized, it 
may be prudent not to discontinue Lopressor therapy 
abruptly even in patients treated only for hypertension. 


Bronchospastic Diseases: PATIENTS WITH BRONCHO- 
SPASTIC DISEASES SHOULD, IN GENERAL, NOT RECEIVE 
BETA BLOCKERS. Because of its relative beta, selectivity, 
however, Lopressor may be used with caution in patients with 
bronchospastic disease who do not respond to, or cannot 
tolerate, other pra arianna treatment. Since beta, 
elect is not absolute, a beta,-stimulating agent should 
be administered concomitantly, and the lowest possible dose 
of Lopressor should be used. In these circumstances it would 
be prudent at to administer Lopressor in smaller doses 
three times daily, instead of larger doses two times daily, to 
avoid the higher plasma levels associated with the longer 
mie) interval. (See DOSAGE AND ADMINISTRATION.) 



















Major Surgery: The necessity or desirability of withdrawing 
beta-blocking therapy prior to major surgery is controversial; 
the impaired ability of the heart to respond to reflex adrenergic 
stimuli may augment the risks of general anesthesia and sur- 
gical procedures. 

Lopressor, like other beta blockers, is a competitive inhibitor 
of beta-receptor agonists, and its effects can be reversed by 
administration of such agents, e.g., dobutamine or iso- 
proterenol. However, such patients my be subject to 
protracted severe hypotension. Difficulty in restarting and 
ti the heart beat has also been reported with beta 

lockers. 

Diabetes and He hae 4 ferme Lopressor should be used 
with caution in diabetic patients if a beta-blocking agent is 
required. Beta blockers may mask tachycardia occurring with 
hypoglycemia, but other manifestations such as dizziness and 
sweating may not be significantly affected 

Thyrotoxicosis: Beta-adrenergic blockade miy mask certain 
clinical a (e.g., tachycardia) of hyperthyroidism. Patients 
suspected of developing thyrotoxicosis should be managed 
carefully to avoid abrupt withdrawal of beta blockade, which 
might precipitate a thyroid storm 
Myocardial Infarction 
Cardiac Failure: Sympathetic stimulation is a vital component 
supporting circulatory function, and beta blockade carries the 
dotential hazard of depressing myocardial contractility and pre- 
sipitating or exacerbating minimal cardiac failure 

During treatment with Lopressor, the hemodynamic status of 
‘he patient should be carefully monitored. If heart failure oc- 
zurs or persists despite appropriate treatment, Lopressor 
should be discontinued 


Bradycardia; Lopressor produces a decrease in sinus heart 
rate in most patients; this decrease is greatest among patients 
with high initial heart rates and least among patients with low 
initial heart rates. Acute myocardial infarction (particularly in- 
ferior infarction) may in itself produce significant lowering of 
the sinus rate. If the sinus rate decreases to < 40 beats/min, 
particularly if associated with evidence of lowered cardiac out- 
put, atropine (0.25-0.5 mg) should be administered 
intravenously. If treatment with atropine is not successful, 
Lopressor should be discontinued, and cautious administration 
of Isoproterenol or installation of a cardiac pacemaker should 
be considered. 

AV Block: Lopressor slows AV conduction and may produce 
Significant first- (P-R interval =0.26 sec), second-, or third- 
degree heart block. Acute myocardial infarction also produces 
heart block. 

It heart block occurs, Lopressor should be discontinued and 
atropine (0.25-0.5 mg) should be administered intravenously. 
If treatment with atropine is not successful, cautious adminis- 
tration of isoproterenol or installation of a cardiac pacemaker 
should be considered 

Hypotension: It hypotension (systolic blood pressure < 90 
mmHg) occurs, Lopressor should be discontinued, and the 
hemodynamic status of the patient and the extent of myocardial 
damage carefully assessed. Invasive monitoring of central ven- 
ous, pulmonary capillary wedge, and arterial pressures may be 
required. Appropriate therapy with fluids, positive inotropic 
agents, balloon counterpulsation, or other treatment modalities 
should be instituted. If hypotension is associated with sinus 
bradycardia or AV block, treatment should be directed at re- 
versing these (see above) 

Bronchospastic Diseases; PATIENTS WITH BRONCHO- 
SPASTIC DISEASES SHOULD, IN GENERAL, NOT RECEIVE 
BETA BLOCKERS. Because of its relative beta, selectivity, 
Lopressor may be used with extreme caution in patients with 
bronchospastic disease. Because it is unknown to what ex- 
tent beta,-stimulating agents may exacerbate myocardial 
ischemia and the extent of infarction, these agents should 
not be used prophylactically. If bronchospasm not related to 
congestive heart failure occurs, Lopressor should be discon- 
tinued. A theophylline derivative or a beta, agonist may be 
administered cautiously, depending on the clinical condition 
of the patient. Both theophylline derivatives and beta, agon- 
ists may produce serious cardiac arrhythmias. 


PRECAUTIONS 

General 

Lopressor should be used with caution in patients with im- 
paired hepatic function 

Information for Patients 

Patients should be advised to take Lopressor regularly and 
continuously, as directed, with or immediately following meals 
If a dose should be missed, the patient should take only the 
next scheduled dose (without doubling it). Patients should not 
discontinue Lopressor without consulting the physician 

Patients should be advised (1) to avoid operating auto- 
mobiles and machinery or engaging in other tasks requiring 
alertness until the patient's response to therapy with Lopressor 
has been determined; (2) to contact the physician if any diffi- 
culty in breathing occurs; (3) to inform the physician or dentist 
betore any type of surgery that he or she is taking Lopressor. 
Laboratory Tests 
Clinical laboratory findings may include elevated levels of 
serum transaminase, alkaline phosphatase, and lactate 
dehydrogenase 
Drug Interactions 
Catecholamine-depleting drugs (e.g., reserpine) may have an 
additive effect when given with beta-blocking agents. Patients 
treated with Lopressor plus a catecholamine depletor should 
therefore be closely observed for evidence of hypotension or 
marked bradycardia, which may produce vertigo, syncope, or 
postural hypotension 

Risk of Anaphylactic Reaction. While taking beta-blockers, 
patients with a history of severe anaphylactic reaction to a 
variety of allergens may be more reactive to repeated chal- 
lenge, either accidental, diagnostic, or therapeutic. Such 
patients may be unresponsive to the usual doses of epinephrine 
used to treat allergic reaction 
Carcinogenesis, Mutagenesis, dg rach of Fertility 
Long-term studies in animals have been conducted to evaluate 
Carcinogenic potential. In a 2-year study in rats at three oral 
dosage levels of up to 800 mg/kg per day, there was no in- 
Crease in the development of spontaneously occurring benign 
or malignant neoplasms of any type. The only histologic 
changes that appeared to be drug related were an increased 
incidence of generally mild focal accumulation of foamy mac- 
rophages in pulmonary alveoli and a slight increase in biliary 
hyperplasia. In a 21-month study in Swiss albino mice at three 
oral dosage levels of up to 750 mg/kg per day. benign lung 
tumors (small adenomas) occurred more frequently in female 
mice receiving the highest dose than in untreated control ani- 
mals. There was no increase in malignant or total (benign plus 
malignant) lung tumors, nor in the overall incidence of tumors 
or malignant tumors. This 21-month study was repeated in 
CD-1 mice, and no statistically or biologically significant dif- 
ferences were observed between treated and control mice of 
either sex for any type of tumor. 

All mutagenicity tests performed (a dominant lethal study in 
mice, chromosome studies in somatic cells, a Salmonella/ 
Mammalian-microsome mutagenicity test, and a nucleus 
anomaly test in somatic interphase nuclei) were negative 

No evidence of impaired fertility due to Lopressor was ob- 
served in a study performed in rats at doses up to 55.5 times 
the maximum daily human dose of 450 mg 
Pregnancy Category C 
Lopressor has been shown to increase postimplantation loss 
and decrease neonatal survival in rats at doses up to 55.5 times 
the maximum daily human dose of 450 mg. Distribution stud- 
ies in mice confirm exposure of the fetus when Lopressor is 
administered to the pregnant animal. These studies have 
revealed no evidence of impaired fertility or teratogenicity. 
There are no adequate and well-controlled studies in pregnant 
women. Because animal reproduction studies are not always 
Predictive of human response, this drug should be used during 
pregnancy only if clearly needed 
Nursing Mothers 
Lopressor is excreted in breast milk in very small quantity. An 
infant consuming 1 liter of breast milk daily would receive a 
dose of less than 1 mg of the drug. Caution should be exercised 
when Lopressor is administered to a nursing woman 


Pediatric Use ; 
Safety and effectiveness in children have not been established 
ADVERSE REACTIONS 

Hypertension and Angina 

Most adverse effects have been mild and transient. 

Central Nervous System: Tiredness and dizziness have 
occurred in about 10 of 100 patients. Depression has been 
reported in about 5 of 100 patients. Mental confusion and 
short-term memory loss have been reported. Headache, night- 
mares, and insomnia have also been reported 

Cardiovascular: Shortness of breath and bradycardia have 
occurred in approximately 3 of 100 patients. Cold extremities; 
arterial insufficiency, usually of the Raynaud type; palpitations; 
congestive heart failure; peripheral edema; and hypotension 
have been reported in about 1 of 100 patients. (See CON- 
TRAINDICATIONS, WARNINGS, and PRECAUTIONS.) 

Ressiretery: Wheezing (bronchospasm) and dyspnea have 
been reported in about 1 of 100 patients (see WARNINGS) 

Gastrointestinal: Diarrhea has occurred in about 5 of 100 
patients. Nausea, et mouth, gastric pain, constipation, 
flatulence, and heartburn have been reported in about 1 of 100 
patients. 

Hypersensitive Reactions: Pruritus or rash have occurred in 
about 5 of 100 patients. Worsening of psoriasis has also been 
reported 

Miscellaneous: Peyronie's disease has been reported in 
fewer than 1 of 100,000 patients. Musculoskeletal pain, blurred 
vision, and tinnitus have also been reported 

There have been rare reports of reversible alopecia, 
agranulocytosis, and dry eyes. Discontinuation of the drug 
E considered if any such reaction is not otherwise 
explicable. 

he oculomucocutaneous syndrome associated with the beta 
blocker practolol has not been reported with Lopressor. 
Myocardial Infarction 
Central Nervous System: Tiredness has been reported in 
about 1 of 100 patients. Vertigo, sleep disturbances, hallucina- 
tions, headache, dizziness, visual disturbances, confusion, 
and reduced libido have also been reported, but a drug rela- 
tionship is not clear. 

Cardiovascular: \n the randomized comparison of Lopressor 
and placebo described in the CLINICAL PHARMACOLOGY sec- 
tion, the tollowing adverse reactions were reported 


Lopressor Placebo 
Hypotension 27.4% 23.2% 
systolic BP 
< 90 mmHg) 
Bradycardia 15.9% 6.7% 
(heart rate 
< 40 beats/min) 
Second- or 4.7% 4.7% 
third-degree 
heart block 
First-degree 5.3% 1.9% 
heart block 
(P-R = 0.26 sec) 
Heart failure 27.5% 29.6% 


Respiratory: Dyspnea of pulmonary origin has been re- 
ported in fewer than 1 of 100 patients 

Gastrointestinal: Nausea and abdominal pain have been 
reported in fewer than 1 of 100 patients 

Dermatologic: Rash and worsened psoriasis have been re- 
ported, but a drug relationship is not clear. 

Miscellaneous: Unstable diabetes and claudication have 
been reported, but a drug relationship is not clear. 

Potential Adverse Reactions 

A variety of adverse reactions not listed above have been re- 

porta with other beta-adrenergic dlocking agents and should 
e considered potential adverse reactions to Lopressor. 

Central Nervous System: Reversible mental depression 
progressing to catatonia; an acute reversible syndrome charac- 
terized by disorientation tor time and place, short-term 
memory loss, emotional lability, slightly clouded sensorium, 
and decreased performance on neuropsychometrics 

Cardiovascular: Intensification of AV block (see CONTRA- 
INDICATIONS). 

Hematologic: Agranulocytosis, nonthrombocytopenic pur- 
pura, thrombocytopenic purpura. 

Hypersensitive Reactions: Fever combined with aching and 
sore throat, laryngospasm, and respiratory distress 
OVERDOSAGE 
Acute Toxicity 
ee casos of overdosage have been reported, some leading 
to dea 

Oral LDso's (mg/kg): mice, 1158-2460; rats, 3090-4670 
Signs and Symptoms 
Potential signs and symptoms associated with overdosage with 
Lopressor are bradycardia, hypotension, bronchospasm, and 
cardiac failure 
Treatment 
There is no specific antidote 

In general, patients with acute or recent myocardial infarc- 
tion may be more hemodynamically unstable than othar pa- 
tients and should be treated accordingly (see WARNINGS, 
Myocardial Infarction) 

On the basis of the pharmacologic actions of Lopressor, the 
following general measures should be employed 

Elimination of the Drug: Gastric lavage should be 
performed 

Bradycardia: Atropine should be administered. If there is no 
response to vagal blockade, isoproterenol should be adminis- 
tered cautiously. 

Hypotension: A vasopressor should be administered, e.g., 
levarterenol or dopamine 

Bronchospasm: A beta,-stimulating agent and/or a theo- 
phylline derivative should be administered 

ardiac Failure: A digitalis glycoside and diuretic should be 
administered. In shock resulting from inadequate cardiac con- 
tractility, administration of dobutamine, isoproterenol, or 
glucagon may be considered 
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introduction 


Robert A. Vogel, MD 


ercutaneous transluminal coronary angio- 
plasty (PTCA) has undergone a major evolu- 
tion over the past decade. Improvements in 
operator technique and new equipment designs 

_ have improved primary success rates dramatically. 
The procedure is now common in certain high-risk 
patients with multiple vessel disease, multiple le- 
sion dilation, advanced age, poor left ventricular 
function, or prior coronary bypass surgery. With 
improvements in mechanical design and diagnostic 
techniques and with the use of advanced imaging 
techniques during interventional procedures, prac- 

-titioners now are able to go “beyond the balloon” 

¿in treating occlusions that previously were not 
amenable to balloon angioplasty alone. 

Despite technical innovations, limitations of 
PTCA include restenosis and abrupt closure caused 
by coronary dissection spasm and thrombus forma- 
tion at the site of dilation. These limitations have 
prompted investigators to explore alternative meth- 
ods to maintain vessel patency. Our distinguished 
faculty describe some of these technologic ad- 
vances and provide analyses of problem areas that 
must still be overcome. 

-James Margolis, of South Miami Hospital, pre- 
sents data on recent experience with excimer laser 
coronary angioplasty (ELCA), showing the safety 

and efficacy of the technique in treating coronary 

- stenosis, with results similar to those following 
PTCA. Among ELCA’s key advantages for intravas- 
cular use is its ability to ablate atheroma without 
thermal injury. In comparison with conventional 
balloon angioplasty, ELCA may eliminate that 

‘component of restenosis due to elastic recoil of the 
luminal wall. 





"From the University of Maryland Hospital, Baltimore, Maryland. 

: Address for reprints: Robert A. Vogel, MD, Herbert Berger 
"Professor of Medicine, Head, Division of Cardiology, Department 
of Medicine, University of Maryland Hospital, 22 South Greene 
- Street, Room N3-77, Baltimore, MD 21201 





With the vast experience, easy applicability, and 
excellent safety of PTCA, it is unlikely that any 
percutaneous revascularization modality will super- 
sede this technology in general use, as noted by © 
William O’Neill, of William Beaumont Hospital. ` 
However, new devices may be used to overcome 
the problems and deficiencies of angioplasty, and 
experience with atherectomy has shown that it 
holds most promise with lesions that are either 
elastic or too rigid to dilate, lesions that are 
complex and at high risk for dissection, restenosis 
lesions, and ostial lesions. Key advantages of 
atherectomy are a stable lumen after the proce- 
dure, a decrease in elastic recoil, and a smoother, 
less thrombogenic lumen. Further study using me- 
chanical rotational atherectomy to partially debulk | 
diffusely diseased vessels is also needed. 

Paul Teirstein, of Scripps Clinic and Research 
Foundation, describes the technique of femoro- 
femoral cardiopulmonary bypass, or “supported 
angioplasty,” which has been shown to provide 
circulatory stability during high-risk PTCA. Car- 
diopulmonary support is a technically challenging 
procedure with significant patient morbidity. It has 
been shown, however, to help save lives of selected 
patients undergoing high-risk procedures. 

In offering the “surgeon’s perspective” on com- 
plex angioplasty, Robert Jones, of Duke University 





Robert A. Vogel, MD 
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now “Tave A the concept of nonoper- 
ative mechanical treatment of coronary artery 
_ disease, Jones notes that these same medical ex- 
: as remain a valuable resource for constructive 








_ ing the chest. 

Im the article on the clinician’s perspective on 
_ changing trends for surgical standby in. patients 
undergoing PTCA, John Vogel, of the Santa Bar- 
_ bara Heart and Lung Institute and Goleta Valley 
- Community Hospital, outlines his rationale for 











diovascular sargical 1 team a be availabl v 
institution for emergency surgery for all 

plasty procedures. With new technologies for angio- 
plasty and an increased awareness of risk factors, 
active standby can be markedly reduced, thereby — 


resulting in enormous cost reductions and in more oo 


appropriate patient care, according to Vogel. = 

We thank each of these distinguished partici- 
pants for sharing their perspectives on the issues 
that practitioners must consider when selecting the 
most appropriate care for their patients. 
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Excimer Laser Coronary Angioplasty 


James R. Margolis, mp, and Sameer Mehta, mD 





Recent experience with excimer laser coronary 
angioplasty (ELCA) has shown the safety and effi- 
- cacy of the technique in the treatment of coro- 

: Mary stenosis, with results similar to percutane- 
ous transluminal coronary angioplasty (PTCA). 

_ Several advantages of the excimer laser for in- 
travascular use have been identified by the ELCA 
_ Registry, a group of 15 institutions nationally 

_ that have pooled data on their cooperative expe- 
rience with ELCA. Advantages include the ability 
of the laser to ablate atheroma with microscopic 
~ precision without thermal injury and the ability of 
vessel surfaces to heal without scarring. The ini- 
tial results of the multicenter investigation of 

_ ELCA in 958 patients indicate that ELCA may be 

_ indicated particularly for long, diffuse lesions. 

; With the advent of larger diameter catheters, 

: ELCA is a viable alternative to PTCA. Restenosis 
was seen as a significant problem, and it re- 
mained problematic at 6-month follow-up. In com- 
parison with conventional balloon angioplasty, 
ELCA may eliminate that component of resteno- 
_ Sis due to inadequate dilation or elastic recoil, 
but it does not appear to affect restenosis 

< caused by smooth muscle proliferation. Catheter 
design and energy delivery continue to evolve 
and may affect future results of laser coronary 

_ angioplasty. 

(Am J Cardiol 1992;69:3F—11F) 
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ith the introduction of balloon angio- ° 
\ Ñ | plasty in the 1970s in the peripheral and 
coronary arteries, nonsurgical revascular- 
ization became a reality.! The procedure has seen 
unparalleled growth, with more than 500,000 bal- 
loon angioplasties projected to be performed annu- ` 
ally in the United States by 1992.2 Despite this- 
increase, the technique has limitations. Problems — 
with restenosis remain and for the most part are 
independent of technique; they occur most fre- 
quently in the superficial femoral and proximal left 
anterior descending arteries.” Success of the tech- 
nique has been shown to vary inversely with the age 
and length of the occlusion, and dilation of dif- 
fusely narrowed arterial segments is not optimal. 
Despite the therapeutic success of percutaneous 
transluminal coronary angioplasty (PTCA) in treat- 
ing patients with obstructed vessels, the exact 
mechanism by which PTCA improves vessel pa- 
tency remains unclear.4 
When Andreas Gruentzig first reported a percu- 
taneous approach to opening obstructed coronary 
arteries,' he was not implying that the technique he - 
described would be the best way to perform PTCA. ` 
The basic idea of displacing, rather than removing, © 
atherosclerotic material presumes a better way to` 
treat obstructive coronary heart disease. Severely 
disrupted intima inherent to the PTCA procedure 
results in either early closure or late restenosis. ne 
To address these limitations, research has been 
directed to improving balloon catheter systems and 


developing a second generation of interventional 


devices that remove rather than displace atheroma. 
Both lines of research are aimed at developing © 
devices that can simplify angioplasty techniques, 
extend them to previously unapproachable coro- 
nary artery lesions, and deal with the major prob- 
lems of abrupt closure and late restenosis. - 

Such technologic advances in balloon catheter 
systems as improved steerable guidewire systems, 
low profile lubricated balloons, and monorail cath- 
eter systems have slowed impetus for development 
of second-generation devices. These advances have. 
made it possible to reach quickly, easily, and safely 
virtually every extreme of the coronary arterial 
tree. Of all the second-generation devices either 
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present generation of balloons for ease of use or 
ability to reach distal branches of a tortuous 
coronary anatomy.° 
Despite progress with modern balloon catheter 
- systems, however, certain anatomic situations re- 
-main difficult or impossible to treat with PTCA. 
These include diffuse disease, long lesions, calci- 
< fied lesions, and chronic total occlusions. Improved 
catheter systems have not solved such problems as 
abrupt closure and late restenosis. Although tech- 
< nologic advances in balloon catheter systems have 
_ slowed impetus for development of second-genera- 
= tion devices, these advances have now made possi- 


ble delivery of the new devices into coronary 
arteries. Thus, these new developments have cre- 


ated an environment that has enabled excimer 
laser coronary angioplasty (ELCA) to emerge as a 
valuable clinical tool. 

Theoretically, the appeal of laser angioplasty is 
its ability to debulk or remove the lesion, in 
contrast to balloon angioplasty, which compresses 


- -and tears the intima in the process of mechanically 


-dilating the vessel. Several laser systems have been 
studied for treating obstructive vascular dis- 
ease,:7-!9 The conventional continuous-wave lasers 
such as the neodymium: yttrium-aluminum-garnet 
(ND:YAG), argon ion, and carbon dioxide lasers 
destroy tissue by photothermal mechanisms. The 


energy from the absorbed photons is converted to 


heat that rapidly vaporizes the water within tissue.’ 
«¿To ablate vascular tissue photothermally, a requi- 
zi site amount of tissue water must be present. Thus, 

ablation of densely calcified material with continu- 

= ous-wave lasers is not possible. 

©" | The “hot tip” laser can potentially increase the 

~~ number of patients suitable for angioplasty by 


< “safely recanalizing lesions that cannot be treated 


|- conventionally, but the long-term consequences of 
¿>the technique are unknown." In this technique, 
the laser catheter applies purely thermal energy to 
vascular tissue. It has been shown to be effective 
for angioplasty of relatively large peripheral arter- 
ies!!; however, the coronary arteries are more 
vasoreactive and are less likely to tolerate thermal 
: “insult. 

_ In treating the coronary arteries, using a laser 
_ system that ablates without creating heat is desir- 
able. With pulsed laser systems, laser energy is 


_. delivered over only a small fraction of the lasing 


cycle, with heat dissipated between pulses. A 
pulsed laser system must be capable of delivering 
energies high enough to break chemical bonds 
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issue; an ; 
the laser wavelength should be one dat is well 
absorbed by atheroma, collagen, and calcium. 


The excimer system is the only clinically avai 


able pulsed laser system with the power to break 


chemical bonds directly. An advantage of thislaser . 


for intravascular use is that it ablates atheroma 
with microscopic precision without thermal injury. 
In experimental settings the vessel surface heals 
without scarring. The coronary laser angioplasty 
system developed by Advanced Interventional Sys- 
tems (Irvine, California) couples a 308 nm excimer 
laser to multifiber over-the-wire catheters of 1.3, 
1.6, 2.0, and 2.4 mm diameters with laser energy at 
200-300 mJ/pulse. A unique feature is its long 
pulse width (> 200 nsec), which permits delivery of 
high energies through smaller fibers than is possi- 
ble with excimer systems that employ shorter pulse 
widths. 

The laser catheters are front firing, ablating only 
for a distance of 100 :m distal to their tips. Thus 
ablation occurs only when the catheter is in contact ` 
with tissue and the expected ablation rate is rela- 
tively slow. Because the laser ablates only on 
contact, lasering can be performed in a bloody 
field. Absorption of laser energy by blood offers a 
further margin of safety.> 

To determine the feasibility of ELCA as an 
alternative or adjunct to conventional balloon an- 
gioplasty, 15 institutions are participating in a 
cooperative research effort: the ELCA Registry. 
Initial efforts have been aimed at testing the safety 
and the acute efficacy of early generation equip- 
ment, developing and perfecting clinical tech- 
niques, and improving catheter and laser design. 
The long-term goal is to evaluate the effect of 
ELCA on restenosis. 

Current experience with excimer laser angio- 
plasty is comparable to experience with balloon 


angioplasty in the early 1980s. Both the equipment. : 
and technique are evolving, and it will be several 
years before investigators gather sufficient data on. 


long-term efficacy. 


METHODS 

In this study, 1,151 lesions in 958 patients from 
15 centers were treated with laser angioplasty using 
a 308-nm Xecl excimer laser (Advanced Interven- 


tional Systems) coupled with multifiber over-the-. : ; 
wire catheters that were 1.3, 1.6, 2.0, and 2.4mm in- 


diameter (Table I).? The patient population con- 


sisted of 748 men (78%) and 210 women (22%) 


with a mean age of 61 years. Of the patients, 66% : 
were in Canadian Cardiovascular Society classes 















TABLE i ELCA Registry: Institutions and Principal Investigators © 





TABLE Ii ELCA Registry: Definitions 
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|. Cedars-Sinai Medical Center, Los Angeles: F. Litvack, N. Eigier 

Eo South Miami Hospital: J: Margolis, D. Krauthamer 

St. Vincent's Hospital and Health Care Center, indianapolis: D. Roth- 
baum, T. Linnameier 

Emory University Hospital, Atlanta: S. King, J. Douglas 

“10 Mayo Clinic, Rochester, MN: J. Bresnehan, G. Reeder 

~ 1», Georgetown University Hospital, Washington, DC: K. Kent, L. Satter 

<1 Methodist Hospital, Houston: W. Spencer, A. Raizner 

Hoag Memorial Hospital Presbyterian, Newport Beach, VA: R. Haskell 
P: MeNaliey 

Philadelphia Heart Center: W. Untereker 

St. Luke's Hospital, Phoenix: M. Vawter 

St. Luke’s Hospital, Milwaukee: F. Cummins, G, Dorros 

Mercy Hospital of Pittsburgh: V. Krishnaswami 

Goleta Valley Community Hospital, Santa Barbara: J. Vogel 

Shands Hospital, Gainesville: G, Abela, J. Hill 

= Washington Hospital Medical Center, Washington, DC: M. Leon, G, 

Pichard 
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< IH or IV, 30% of the patients had undergone 
previous balloon angioplasty, and 26% had previ- 
-ous coronary artery bypass grafts. The demo- 
graphic profile of the population was similar to that 
of a conventional balloon angioplasty cohort, with 
most patients severely symptomatic. Vessels treated 
were representative of the spectrum of disease 
“treated with standard balloon angioplasty: 40% in 
_ the left anterior descending coronary artery, 18% 
in the left circumflex coronary artery, 33% in the 
-right coronary artery, 8% in saphenous vein grafts, 
and 1% in the left main artery (Figure 1). Of the 
-11,151 lesions treated, 10% were total occlusions. 
More than half of the patients (52%) had lesions 
> 10 mm and 22% had lesions > 20 mm in length. 
The protocol included patients with stenoses or 
occlusions that could be crossed by a guidewire. 
Pretreatment of patients was identical to that for 
«standard balloon angioplasty and included aspirin, 
heparin, and calcium antagonists. Conventional 
_ PTCA guiding catheters of 8, 9, or 10 F were 
employed. 





ond 





Acute laser success 
= 20% decrease of stenosis diameter and channel diameter (by laser 
alone) 
> 0.8 mm with 1.3 mm catheter 
> 1.0 mm with 1.6.mm catheter 
> 1.5 mm with 2.0 mm catheter 


Procedure success 
2 50% diameter lumen at end of procedure, with or without adjunctive 
balloon angioplasty 











ELCA = excimer laser coronary angioplasty. 





RESULTS 

A procedure was considered successful with 
reduction in stenosis diameter of > 20%, with the ` 
creation by laser alone of a channel diameter > 0.8 
mm with the 1.3 mm catheter, > 1.0 mm with the 
1.6 mm catheter, and >1.5 mm with the 2.0 mm 
catheter (Table II). Procedure success was defined 
as a final diameter lumen of > 50% at the end of 
the procedure, whether or not adjunctive balloon 
angioplasty was performed. 

According to these criteria, laser success was E 
achieved in 967 of 1,136 lesions (85%) and proce- 
dure success. was. achieved in 1,059 lesions (93%) 
(Table HI). On the basis of caliper measurements 
made by individual investigators, stenosis severity- 
was reduced from 86% diameter stenosis at base- 
line to 48% post-ELCA and reduced to 25% 
following adjunctive balloon angioplasty, when it 
was required, E 

Quantitative coronary arteriography on a subset 
of 55 patients was essentially in agreement with the _ 
caliper measurements. Preangioplasty stenoses for 
this group were 83%, reduced to 49% after ELCA 
and 38% after PTCA. Using the more meaningful 
measurement of minimum luminal diameter, pre- 
ELCA stenoses were increased from a mean 0.5 
mm to 1.6 mm post-ELCA to 2.1 mm post-PTCA, _ 
Since the 1.6 mm ELCA catheter was used in all of- 
these stenoses, these data support the hypothesis 
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_ FIGURE 1. Percentages of vessels 
: treated among 709 participants in ELCA 
: registry; 30% of patients had previous 
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_ | TABLE MI ELCA Registry: Results (N = 1,136) 


4 
Laser success 967 (85%) 
(= 20% improvement) : 
Procedure success 1,059 (93%) 


{450% final obstruction”) 
*With or without adjunctive balloon angioplasty. 











- that the procedure works by ablation of atheroscle- 
rotic material rather than by stretching or “Dotter 
effect.” 

All lesion locations had comparable success 
rates, with success rates of 100% in the left main 
artery, 89% in the left anterior descending, 92% in 
the left circumflex, 93% in the right coronary 
artery, and 95% in saphenous vein grafts. Similarly, 
-procedure success did not appear to be affected by 
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lesion location. The success rate was 94% for __ 
stenoses and 91% for occlusions. This success rate = 









is much higher than that normally associated with 
angioplasty of chronic total occlusions. 
Figures 2-4 show various lesions pre- and post- 

ELCA. Figure 2 shows (A) a true lateral view 
projection of a diffusely diseased saphenous vein 

graft supplying the left anterior descending coro- 
nary artery, (B) with the insertion of a 2.0 mm laser 
catheter across the lesion, (C) the saphenous vein 
graft post-ELCA, and (D) the saphenous vein graft 
at 6-month follow-up. Figure 3 shows (A) a totally 
occluded left circumflex coronary artery, (B) the 
left circumflex immediately after ELCA, (C) after 
post-adjunctive PTCA, and (D) at 6-month follow- 
up. Figure 4 shows (A) a diffusely diseased and 


FIGURE 2. Diffusely diseased saphe- 
nous vein graft supplying the left ante- 
rior descending coronary artery, pre- 
and post-ELCA. True lateral view projec- 
tion pre-ELCA (A); 2.0 mm laser catheter 
across lesion (B). 












_ heavily calcified left anterior descending in true 
lateral projection, (B) with the insertion of a 2.0 
-mm laser catheter across the lesion, and (C) after 
stand-alone ELCA. 
Lesion length did not affect acute success. 
_ Successful procedures were accomplished in 94% 
of lesions <10 mm in length, 96% of lesions 10-19 
mm in length, and 92% of lesions > 20 mm. 

‘In nearly 75% of patients it was possible to 
achieve >50% diameter lumen with laser alone. 
< However, in a substantial number of these patients, 
adjunctive balloon angioplasty was performed in 
an attempt to achieve an optimal result. 

The complication profile in the ELCA Registry 
is similar to that seen in a conventional balloon 
angioplasty population. Complications included 


Post-ELCA (C) and at 6-month follow-up 


ja 














5.4% acute occlusion, 2% spasm, 1.9% thrombus, - 
1.1% perforation, 0.8% embolism, 0.5% aneurysm, 
3.5% emergency coronary artery bypass graft sur- 
gery, 1.4% myocardial infarction, and 0.3% death. 
Perforation led to serious clinical sequelae requir- 
ing emergency surgery in only 50% of the perfora- 
tion patients. 


FOLLOW-UP EXPERIENCE 

At 6-months, 88% of 812 patients were followed 
up and 58% had angiographic follow-up. As previ- 
ously noted, procedure success was defined as 
<50% diameter occlusion postprocedure, and an- 
giographic restenosis was defined as loss of > 50% 
of the gain in lumen diameter and final stenosis of 
> 50% at follow-up. Clinical restenosis referred to 
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the occurrence of myocardial infarction, bypass 
- surgery, death, reintervention, new and changing 
symptoms, or a positive treadmill test. 
_. During the first 6 months, 1.4% of patients died, 
1.5% had myocardial infarction, 7% had subse- 
quent bypass surgery, 15% had repeat intervention 
(balloon angioplasty, laser angioplasty, or atherec- 
tomy), and 3.3% had new symptoms or a positive 
treadmill test. These results are similar to the 
PTCA experience reported by an American Col- 
lege of Cardiology/American Heart Association 
task force (Figure 5).¥ 
The angiographic restenosis rate was 51% at 
6-month follow-up, a rate believed to be related to 
the fact that fewer than 60% of patients had 
angiographic follow-up. 
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Although the angiographic restenosis rates ap- 
peared to be high (51%), this rate is attributed to 
the hypothesis that mostly symptomatic patients 
were restudied, whereas those who were feeling 
well refused to be reexamined. Thus, the data were 
skewed toward the symptomatic population. It is 
estimated that restenosis would be in the 40% 
range if all patients had been restudied. 

The investigators did not identify any variables 
that were strongly related to restenosis. CCS class 
IV patients had a significantly higher angiographic 
restenosis rate than class 0 and class I patients 
(70% vs 38%). Lesion location also did not appear 
to be related to restenosis, and there was no 
indication that left anterior descending coronary 


FIGURE 3. Totally occluded left circum- 
flex coronary artery pre-ELCA (A); imme- 
diately after 1.6 ELCA (B). 









artery and vein graft lesions had more restenosis 
than did lesions in other locations. The data from 
the Miami group indicated that patients with 
lesions in the first centimeter of the left anterior 
descending coronary artery are excellent candi- 
dates for ELCA because insertion of a balloon in 
the left main artery is not needed. Most vein grafts 
were too large for ELCA, but ELCA was successful] 
in the smaller vein grafts. 

No significant difference in restenosis rates 
were seen in short lesions versus long lesions, de 
novo lesions versus redone lesions, stand-alone 
laser versus adjunctive angioplasty, 1.6 mm cathe- 
ter versus 2.0 mm catheter, dissection versus no 
dissection, or in men versus women. 

Two distinct populations were identified: a group 





Post-adjunctive PTCA (C); and at 
6-month follow-up (D). 











of patients who had restenosis no matter what 
procedure was used, and a group of patients of 

comparable number who had restenosis only be- 
cause their arteries were inadequately opened at 
the time of the original procedure. Changing the 
technique by using larger catheters and more 
liberal use of adjunctive balloon angioplasty should 
reduce the restenosis rate for this latter procedure. 


MIAMI EXPERIENCE 

Data from Miami are of particular interest 
because they represent 25% of the entire ELCA 
registry. The demographic profile of the 227 Miami 
patients is similar to the entire registry series and 
not dissimilar to a conventional balloon angio- 
plasty cohort. The majority of the Miami patients 
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FIGURE 4. Diffusely diseased and = 
ing coronary artery: true lateral projec- 
tion (Aj; 2.0 mm laser catheter across 
lesion (By and post-stand-alone ELCA 
(©). ' . ! 
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FIGURE 5. Success by lesion length: PTCA literature (See 
Circulation™.) versus ELCA registry. ELCA: excimer laser 

coronary angioplasty; PTCA: percutaneous transluminal 
SOLOA AIORA. 


were severely symptomatic and had a larger propor- 

tion of left circumflex stenoses. Nearly 20% of 

lesions treated with ELCA in Miami were total 

occlusions, and 60% of all lesions were in the distal 

and middle segments of vessels (representing le- 

“sions not typically approached with other devices). 
Long lesions comprised 58% of the South Miami 
series. 

Of the 309 lesions, laser success was achieved in 
79% and procedure success in 97%. Of the 51 total 
occlusions, laser success was achieved in 78% and 
procedure success was achieved in all instances. 
This finding indicates that any time it was possible 
to get a guidewire across a total occlusion (no 
matter how old or how long the lesion), a success- 
ful result was obtained. Although a final diameter 
obstruction of <50% was achieved with the laser 
alone in 65% of lesions, adjunctive balloon angio- 
plasty was used in approximately 50% of these. 
Only 37% of lesions were treated with laser alone. 
Introduction of the larger 2.0 mm catheter did not 
significantly improve the stand-alone laser rate. 

Stenosis severity was reduced from 87% obstruc- 
tion at baseline to 50% following ELCA to 27% 
following adjunctive balloon angioplasty when re- 
quired. The complication profile of the Miami 

-patients was somewhat better than that of the 
_ entire cohort. Two instances of perforation (0.6%) 

< occurred. The emergency surgery rate was <1% 
«and one death (0.4%) occurred. 






















CONCLUSION 
These data on the excimer laser indicate that it. 
is clearly applicable to all arterial segments and can: 
be used in small and large arteries, vein grafts, long 
lesions, restenosis lesions, ostial lesions, chronic 
total occlusions, and calcified lesions. The device 
shows most promise in long lesions and for treating | 
ostial stenoses, chronic total occlusions, and calci- 
fied lesions. 
ELCA can be performed safely, with no more: 
risk than that for conventional PTCA. It is a viable 
alternative to balloon angioplasty and will be used ~ 
more frequently with the advent of larger diameter 
catheters. Excimer laser coronary angioplasty may 
be ideal for long diffuse or calcified stenoses and 
for chronic total occlusions. In comparison with 
conventional balloon angioplasty, ELCA may elim- 
inate the component of restenosis due to inade- _ 
quate dilation or elastic recoil. 
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. Mechanical Rotational Atherectomy 
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_ Percutaneous transluminal coronary angioplasty 
(PTCA) Is practiced widely in the United States 

- and is indicated for the majority of stenosed ves- 
sels that have de novo, type A lesions. Despite 

__ extensive experience with the procedure and im- 
- provements in balloon technology, periproce- 
durai dissection and restenosis remain major fim- 
itations of PTCA. Research indicates that certain 
_ treated more effectively with other technologies. 
_ _Newmechanical devices have heen designed to 
-heip improve the safety of PTCA and hold promise 
_ for correcting coronary dissection and abrupt 

_ Closure—the sources of such angloplasty com- 
Deene e aeon rgen nT- 





tomy will be an extremely useful addition to the 


(Am J Cardiol 1992;69:12F-—18F) 
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ith the vast experience, easy applicabil- 
W ity, and excellent safety record of bal- 
loon angioplasty, it is unlikely that any 
percutaneous revascularization modality will super- 
sede this technology in general use. However, new 
devices must be used to overcome the problems 
and deficiencies of angioplasty. These problems 
include a persistent rate of coronary dissection, 
coronary restenosis, poor efficacy in total coronary 
occlusions, poor results in elastic lesions, and 
lesions too stenotic to penetrate successfully. 
Atherectomy clearly can assist in overcoming 
some of those problem areas. Research indicates 
that the subgroups in which atherectomy shows 
promise include lesions that are elastic or too rigid 
to dilate, lesions that are complex and at high risk 
for dissection, restenosis lesions, and ostial lesions. 
Further study using mechanical rotational atherec- 
tomy to partially debulk diffusely diseased vessels 


also is needed: Among the advantages of atherec- — oe 


tomy are a stable lumen after the procedure, a 
decrease in elastic recoil, and a smoother, less 
thrombogenic lumen. Our experience indicates 
that mechanical rotational atherectomy will be 
extremely useful in percutaneous revasculariza- 
tion. 


PERCUTANEOUS TRANSLUMINAL CORONARY 
ANGIOPLASTY 

Percutaneous transluminal coronary angio- 
plasty (PTCA) has achieved widespread clinical 
acceptance in the United States. The technique 
allows effective treatment of patients with coronary 
artery disease without the surgical procedure en- 
tailed by coronary artery bypass grafts. It has 
surpassed coronary artery bypass surgery in proce- 
dural volume in the United States. Despite its 
widespread use, PTCA has major limitations and is 
not optimal therapy for some types of lesions. 
Several other types of catheter-delivered imple- 
ments have been designed to.address these limita- 
tions. 

PTCA is still indicated for diseased vessels that 
have de novo, type A lesions. However, certain 
lesion types and patient populations may be treated 
more effectively with other technologies. 











Procedural safety of PTCA: Periprocedural 
abrupt closure is the most serious complication of 
PTCA. Despite extensive experience with the pro- 
cedure and improvements in balloon technology, 
the incidence of this complication has remained 
steady at 2-5%.! 

The recently published National Heart, Lung, 
and Blood Institute registry documented a 6.8% 
incidence of periprocedural abrupt occlusion among 
1,801 patients, and 4.7% incidence among 2,891 
lesions.' The incidence of occlusion in the catheter- 
ization laboratory was 4.9%; the incidence of 
postprocedure occlusion was 1.9%. Several demo- 
graphic factors were associated with increased risk 
for periprocedural occlusion; it occurred at a 9.9% 
rate in 312 patients with acute coronary insuffi- 
ciency, compared with a 6.0% rate in patients 
without this condition (p <0.05). Other factors 
significantly associated with periprocedural occlu- 
sion were 3-vessel disease (9.8% incidence in 367 
patients, compared with 6.1% for 2-vessel and 
6.0% for 1-vessel disease), and inoperable or high- 
risk surgical status (12.3% incidence in 138 pa- 
_ tients compared with 6.3% in other patients). 

Lesion factors significantly associated with 
periprocedural occlusion included stenosis of 

> 90% vessel diameter, diffuse or multiple discrete 
disease, lesions in segments supplying collaterals, 
_ and evidence of thrombus or calcification. Intimal 
tears occurred in 780 of 2,882 lesions (27%) and 
extensive dissection occurred in 89 of 2,891 lesions 
(3%).! These procedural events were most signifi- 
cantly associated with occlusion. Occlusion oc- 
curred in 9.9% of patients with intimal tears 
compared with 2.7% of others (p <0.001), and in 
21.3% of patients with dissection compared with 
4.2% of others. 

Periprocedural occlusion increases morbidity 
and mortality in PTCA patients. In-hospital mortal- 
ity was approximately 5% in patients with this 
complication, compared with 1% in other patients. 
In-hospital infarctions in patients with occlusions 
ranged from 27% in patients with transient occlu- 
sions to 56% in patients treated surgically, com- 
pared with 2% in nonoccluded patients. Long-term 
(2-year) infarction rates were roughly the same for 
patients with and without periprocedural occlu- 
sions, and 2-year rates of PTCA also were compara- 
ble (approximately 23%). However, periproce- 
dural occlusion remained associated with increased 
~ mortality.! 

Bansal et al* have studied risk factors for arte- 

rial dissection in PTCA to identify patients who 
may be at high risk for dissection and, thus, for 


















































periprocedural occlusion. In this study, we exam- 
ined the balloon inflation rate to test the hypothe- 
sis that rapid balloon inflation increases the risk of 
dissection. In this randomized trial, no significant: 
difference in dissection rates was found between 
gradual balloon inflation over 30 seconds and rapid 
balloon inflation in <5 seconds in 142 lesions. 
However, the association of dissection with com- 
plex lesion morphology was highly significant 
(p = 0.00001); dissection occurred in 33% (8/24) 
of type A lesions, 63% (57/91) of type B lesions, 
and 96% (26/27) of type C lesions. 

Periprocedural occlusion, or even the tempo- 
rary occlusion resulting from balloon inflation, can 
result in hemodynamic collapse. This event can be 
especially dangerous to individuals who have poor 
ventricular function or a single remaining patent 
coronary conduit. A multicenter study indicates 
that the morbidity and mortality associated with 
PTCA in such high-risk patients can be reduced 
with the addition of cardiopulmonary bypass to the 
procedure.’ In 105 patients with an ejection frac- 
tion <25% or a target vessel supplying > 50% at 
the myocardium, the overall hospital mortality rate 
was 7.6%. This rate was only 2.6% in patients who 
were younger than age 75 and not affected by left 
main coronary artery stenosis. The mortality rate 
was 60% for patients with abrupt occlusion after 
discharge from the catheterization laboratory. Thus. 
dissection and abrupt occlusion are most danger- 
ous in high-risk patients. In these patients, it is — 
imperative that an optimal angiographic result be 
achieved. 

PTCA has a number of benefits. Overall, it has 
extremely low rates of mortality and need for 
emergency bypass surgery. Elective cases also are ` 
associated with extremely high success rates. PTCA 
also is a simple procedure. An ongoing study of the © 
procedure at William Beaumont Hospital‘ indi- 
cates that conventional postprocedure heparin ther- — 
apy may be eliminated with no detrimental effect 
on patient outcomes. In 200 patients (of a planned 
400), 22% of patients in the no-heparin group have 
been able to go home on the day of the procedure, 
and a total of 42% have gone home within 24 
hours. 

Thus, PTCA remains an important and appropri- 
ate procedure for the majority of lesions. Yet, it 
falls short of optimal therapy in many cases involv 
ing complex morphology or high-risk patients. 

Limiting factors in PTCA: Coronary restenosis 
is a second major limitation of PTCA. Many factors 
contribute to the incidence of restenosis and some _ 
of these factors are inherent in PTCA. Up to 30% 
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welded to a drive shaft that Is ro- 
tated at high speed. The device is 
Inserted over a guide wire, and 
placement ts directed by flucros- 
copy. 








- of restenotic vessels exhibit elastic recoil, limiting 
-the ability of the balloon to relieve the obstruc- 
tion. The inflated balloon can also cause deep 
medial smooth muscle injury. This stimulates 


smooth muscle proliferation in the vessel, contrib- 


a ‘uting to restenosis. Finally, PTCA leaves ragged, 
_ irregular lesions in the lumen, which stimulate 
_ platelet and fibrin deposition. 

Several other technical problems limit the effi- 
cacy of PTCA in certain cases. Current balloon and 
guide wire technology is unable to recanalize total 
-n coronary occlusions or fibrotic, elastic lesions such 
as those in ostial locations. Other lesions that are 
too severe, hard, or calcified may not allow passage 
-> of the balloon even after guide wire placement, and 
some rare lesions simply do not respond to balloon 
inflations. 


MECHANICAL ATHERECTOMY 
The clinical need for improved technology was 
recognized in the early 1980s. Although some 


investigators initially supported coronary laser an- 
gioplasty in the late 1970s,° high rates of perfora- 
tion and thrombosis dampened enthusiasm for this 
treatment modality. Others began to investigate 
the feasibility of mechanical peripheral and coro- 
nary atherectomy.”? Among the results achieved 
with the new atherectomy techniques are a more 
stable lumen after atherectomy; a decrease in 
elastic recoil; a smoother, less thrombogenic lu- 
men; and the feasibility of extensive debulking or 
endarterectomy. 

Mechanical rotational atherectomy: Auth et 


al have developed a high-speed rotary atherectomy ` 


device inserted over a guide wire and directed with 
fluoroscopy. The device consists of a brass burr 
coated with diamond chips measuring 30-120 um 
in diameter (Figure 1). Available in various sizes, 
the burr is selected to match the diameter of the 
vessel being treated. The burr is welded to a drive 
shaft that is rotated by a turbine at high speeds. 
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FIGURE 2. The Rotablator (Heart 
Technology, inc., Bollovue, Washing- 
ton) operates at 160,000--190,000 
rpm. 



























Commercial models (e.g., Rotablator, Heart Tech- 
nology, Bellevue, Washington) rotate at speeds of 
160,000-190,000 rpm (Figure 2). The rotating burr 
selectively removes hard tissue, whereas soft tissue 
is deflected by the elastic recoil of normal segments 
of vessel. The device thus selectively ablates the 
firmer atherosclerotic plaque. The tissue is chipped 
off as microparticles and embolizes downstream. 

Microparticle embolization was an early con- 
cern with this device. When the device was tested 
on 68 cadaver arteries, however, the pulverized 
atheroma particles (in colloidal suspension) were 
generally smaller than red blood cells, and injec- 
tion of the suspension into canine femoral arteries 
failed to produce tissue injury. We further ana- 
lyzed the impact of atheromatous microparticles 
on canine coronary blood flow and found no 
deleterious effects.!° In our experience with rotary 
atherectomy we have seen no significant adverse 
effects of microparticle embolization. 

A series of 39 patients treated at William 
Beaumont Hospital showed no impairment of re- 
gional function or ventricular wall motion with this 
device (Figure 3). In procedures involving the right 
coronary arteries or circumflex artery, bradycardia, 
_ transient complete heart block, or transient asys- 

tole is invariably seen. 
A recent multicenter study!! of percutaneous 
transluminal coronary rotational ablation in 315 
_ patients reported no in-hospital deaths and a 95% 


rate of acute success (< 50% residual stenosis). Of 


all lesions, 87% were complex (type B or C). 
Complications included myocardial infarction in 
5.6% of patients and urgent coronary artery bypass 
graft in 1.6%. There were 26 cases (8.2%) of 
angiographic evidence of flap or dissection. Only 
one case required a coronary artery bypass graft.!2 
Percutaneous transluminal coronary rotational ab- 
lation also has shown excellent results in lesions 











TABLE I Results of Mechanical Rotational Ablation of- 
Type C Lesions 
















MRA 
(n = 27) 


PTCA 


Outcome (n= 196) 





p Value 
















Successful 26 (96%) 149 (76%) <0.03 

Major cardiac event 1 (3.7%) 115.6%) NS 
Emergency CABG 1 (3.7%) 5 (2.6%) NS 
Abrupt closure 0 4 (2.0%) NS 
Death 0 2 (1.0%) NS © 









CABG = coronary bypass surgery; MRA = mechanical rotational ablation; 
NS = not significant; PTCA = percutaneous transluminal coronaty angioplasty. i 



























that have unfavorable morphologic characteristics, 
including eccentricity, calcification, tortuosity, and 
location at a bifurcation." In our experience, type 
C lesions appear to be better treated with rota: 
tional ablation (Table I). 

Follow-up at 6 months in 94% of patients in he 
multicenter study showed a restenosis rate of. 
32%.!! The following have been identified as risk 
factors for coronary restenosis following rotation 
angioplasty: lesions in the left anterior descendi 
coronary artery, ostial and proximal lesions, an 
lesions in saphenous vein bypass grafts." 

The Rotablator may be useful in cases of resteno 
sis after PTCA. Ostial lesions also are appropriate 
for mechanical rotational atherectomy treatmen 
as are heavily calcified lesions, diffusely diseas 
arteries, and lesions at bend points in the vessel. 
Heavily calcified lesions and lesions at bend point: 
should not be treated with a transluminal extra 
tion catheter or directional coronary atherectomy 

Unlike balloon angioplasty, the high-speed ro- 
tary burr grinds atheroma into fine particles that 
pass harmlessly through the capillary circulation 
Furthermore, rotary atherectomy leaves a smooth 
polished intraluminal surface and no intimal flaps. 
Unlike the laser, its energy requirements are mini- 
mal, its machinery is trim, and it selectively re 
moves rigid tissue such as calcified or fibrous 
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atherosclerotic plaque, whereas rubbery or elastic 
tissue, such as the outer media, remains relatively 
uninjured.® 
-< Despite these advantages, the Auth device needs 
further improvement. Investigators have identified 
_ problems with the guide wire that lead to perfora- 
tion or inability to pass the guide wire past totally 
occluded arteries.’ The atherectomy burr is rela- 
-tively ineffective for arteries completely occluded 
with chronic thrombus. Finally, large vessels can- 
“not be completely treated by this device alone. 
Directional coronary atherectomy: Simpson 
and colleagues at Sequoia Hospital in Redwood 
City, California, have developed a technique called 
directional coronary atherectomy.'5 The Athero- 
“cath is characterized by a cylindrical metal housing 
attached to the end of a braided double-lumen 
catheter. The cylindrical housing has a “longitudi- 
“nal window” that can be positioned snugly against 
the atheroma with the help of a small balloon 
opposite the window. Inside the window, a rotating 
-cutter blade shaves off atherosclerotic material and 
deposits it in the distal part of the metal housing. A 





A. Before 
atherectomy. 


B. The Simpson 
Coronary 
Atherocath is 
positioned. 


C. Atheroma is 
shaved and 
stored in the 
window opening. 











FIGURE 4. The Simpson Coronary Atherocath (John B. 
Redwood City, California) 


sitioned for any necessary passes. A, before 
+ B, the Atherocath is positioned; C, atheroma 
is shaved and stored In the window opening; D, after 
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-separate hand-held battery-powered motor drive is - 


attached to a cable connected to the cutter blade. 

During a procedure, the Atherocath is ad- 
vanced over the wire under fluoroscopic guidance 
(Figure 4). The window of the cylindrical housing is 
positioned across the stenosis. The positioning 
balloon is inflated, the attached motor drive is 
activated, and the cutter blade is slowly advanced 
through the metal housing, shaving off atheroma 
and depositing it distally. The positioning balloon 
is deflated, the catheter is torqued about 60-90° to 
reposition the window and to remove additional 
atheroma. When the collection chamber is full, the 
catheter is withdrawn from the patient and the 
cutter blade retracted into the proximal portion of 
the housing. Repeated passes are made until the 
desired result is achieved.’ Simpson and col- 
leagues recently reported their experience in 502 
procedures (578 lesions). Patients’ mean age was 
59 years and 42% had unstable angina. Sixteen of 
the procedures were performed as salvage for 
failed PTCA, and 55% of the lesions treated had 
been previously treated with angioplasty. The over- 
all success rate was 88.2%, with individual vessel 
success rates ranging from 79% in the left anterior 
descending coronary artery (n = 279) to 100% in 
the diagonal artery (n = 3). 

A multicenter study of this technique!” reported 
a 4.2% rate of abrupt closure (periprocedural 
stenosis) in 1,018 procedures (1,138 lesions), a rate 
roughly comparable to the rates seen with PTCA 
and mechanical rotational atherectomy. Among 
the risk factors identified were right coronary 
artery lesions, de novo lesions, and eccentric le- 
sions. Abrupt closure was less frequent during 
procedures on saphenous vein grafts. 

The Sequoia group investigated the effect of 
angiographic risk factors on the outcome of direc- 
tional coronary atherectomy in a series of 499 
lesions in 441 procedures.'* The overall success 
rate was 88% per lesion (87% per procedure). The 
investigators evaluated several risk factors for their 
effect on patient outcome, including lesion eccen- 
tricity, abnormal contour, ostial location, and length 
>10 mm. Only calcification and diffuse disease 
were significantly associated with failed proce- 
dures. In 211 successfully treated lesions followed 
up angiographically at 3-12 months (or earlier if 
symptoms recurred), the overall restenosis rate was 
36%: 29% (24/82) for de novo lesions and 40% 
(52/129) for restenosis lesions.!? Factors signifi- 
cantly associated with restenosis were lesion length 
> 10 mm, vessel diameter <3 mm, and overdila- 
tion.!? This group has also used directional coro- 














_ „nary atherectomy successfully in rescue procedures 

` for failed PTCA (success in 87% of 30 patients) 
and in saphenous vein graft lesions (91% success 
rate in 87 lesions).?! However, restenosis rates are 
high in vein graft lesions, especially those treated 
previously with PTCA. 

Appropriate indications for directional coro- 
nary atherectomy include ostial lesions and focal 
lesions. De novo lesions can be treated effectively 
and have a very low risk of restenosis. Highly 
eccentric lesions in the left anterior descending 
artery are well suited to directional coronary 
atherectomy. Directional coronary atherectomy is 
also effective as a bailout device for discrete 
occlusive flaps present after PTCA. Heavily calci- 
fied lesions and lesions at bend points should not 
be treated with directional coronary atherectomy. 

Transluminal extraction catheter: Another 
type of intraluminal catheter atherectomy device is 
the transluminal extraction catheter, which allows 
the transluminal extraction of atherosclerotic 
plaque, thus reducing the risks of downstream 
embolization and leaving a smooth, undissected 
lumen.’ It consists of a rotary cutting device ad- 
vanced over a 0,014 inch PTCA guide wire (Figure 
5). The flexible torque tube device is introduced 

_ percutaneously and tracks over the flexible steer- 
“able guide wire under fluoroscopic control. When 
the radiopaque tip is properly positioned near the 
origin of the lesion, a 2-stage trigger is activated on 
the hand-held control piece. The conical cutter 
rotates at 750 rpm while suction is applied through 
the opening of the cutting window to extract the 
plaque fragments through the catheter and out of 
the patient’s body. The device is well suited for 
large, bulky lesions with extensive intraluminal 
thrombus. 
Stack et al? demonstrated the safety and efficacy 
_ of the device in reducing stenosis and increasing 























FIGURE 5. Stack Transluminal Extraction Catheter (Inter- 
- ventional Technologies, San Diego, California). Like the 
Auth device, this device also travels along a guide wire 
e A hah ee 
particulate embolization. Potential 


material without 
changing the catheter housing during the procedure. 























flow in peripheral vascular disease. They treated 71 
atherosclerotic lesions during 41 procedures in 41 _ 
extremities of 36 patients. The procedural success _ 
rate was 98% (40/41), with success defined as 
<50% residual stenosis in all lesions; the patient 
success rate was 97% (35/36). Mean luminal diam- 
eter stenosis was reduced from 72 + 17% to. 
29 + 16% (p <0.0001). No arteriographic or clini- 
cal signs of distal embolization were present and no: 
vessel perforations occurred. 

The transluminal extraction catheter has also 
shown good results in treatment of coronary le- 
sions, even those normally deemed unfavorable for 
PTCA. Leon et al? recently reviewed the translu- 
minal extraction catheter for efficacy, safety, and 
long-term reocclusion in 281 patients with recent 
acute myocardial infarction, diffuse disease, ostial — 
disease, or eccentric lesions. In 31 patients with 
recent myocardial infarction, efficacy was 97%, 
although 66% of patients required both the translu- 
minal extraction catheter and PTCA. Efficacy was 
defined as = 20% reduction with the transluminal 
extraction catheter alone or <50% residual steno- 
sis with the transluminal extraction catheter and 
PTCA. Efficacy was high (>90%) for all lesion 
subsets, and few complications were reported. 
Eccentric lesions were associated with a slightly 
lower success rate than concentric lesion 
(91% vs 95%), and with a slightly higher complica- 
tion rate (7% vs 2%). Restenosis rates assesse 
angiographically at 6-month follow-up were similar 
to those reported for PTCA. 

The transluminal extraction catheter has shown 
beneficial results in saphenous vein grafts,?-%4 
Ostial lesions may be treated with the transluminal 
extraction catheter device, as well as with high- 
speed rotary atherectomy or directional coronary 
atherectomy. The transluminal extraction catheter 
device is appropriate for ulcerated saphenous vein 
grafts or those that have a very large clot burden. It 
is also effective for native coronaries with extensive: 
intraluminal thrombus. Heavily calcified lesions 
and lesions at bend points should not be treated 
with the transluminal extraction catheter or direc- 
tional coronary atherectomy. Ultimately, the great- 
est utility for this device will be in vessels contain- 
ing thrombus, including patients with evolving 
myocardial infarction. 


REFERENCES 
1. Detre KM, Holmes DR, Holubkov R, Cowley MJ, Bourassa MG, ‘Faxon 
DP, Dorros GR, Bentivoglio LG, Kent KM, Myler RK, and coinvestigators-of 
the National Heart, Lung, and Blood Institute's Percutaneous Transluminal 
Coronary Angioplasty. Registry. Incidence and consequences of periprocedural 
occlusion: the. 1985-1986 National Heart, Lung, and Blood Institute Percutane: 


-A SYMPOSIUM: COMPLEX ANGIOPLASTY AZF 









Determinants of arterial dissection Prie PTCA: lesion type versus ‘inflation 








George B, Teirstein P. Initial report of the National Registry of Elective 

3 _Cardiopnimonary Bypass Supported Coronary Angioplasty. J Am Coll Cardiol 

` 1990;15:23-29; 

Cragg DR, Friedman HZ, Almany SL, Glazier SM, O'Neil WW. Interim 

fety analysis of the Beaumont outpatient angioplasty trial. (Abstr) J Am Coll 

Cardiol 1991;17(suppl);30A. 

j Nobuyoshi M; Kimura T, Nosaka F, Mioka S, Ueno K, Yokoi H, Hamasaki 

N, Horiuchi H, Ohishi H. Restenosis after successful percutaneous transluminal 

coronary angioplasty: serial angiographic follow-up of 229 patients. J Am Coll 

Cardiol 1988;12:616-623. 

“6, Choy DSI, Stertzer SH, Myler RK, Marco J, Fournial G. Human laser 

- coronary recanalization. Clin Cardiol ¥984;7:377-381. 

¿Ta Simpson JB, Johnson DE, Thapliyal HV, Marks DS, Braden LJ. Translumi- 

“nal atherectomy: a new approach to the treatment of atherosclerotic vascular 
© disease. Circulation 1985;72(suppl 111):111-46, 

2 Ahn SS, Auth D, Marcus DR, Moore WS. Removal of focal atheromatous 
“Jesions by angioscopically guided high-speed rotary atherectomy. J Vase Surg 

© 1988:7:292-300. 

©, Stack RS, Perez J, Newman GE, McCann RL, Wholey MH, Cummins FE, 
Galicia JT, Hoffman PU, Tcheng JE, Sketch MH Jr, Lee MM, Phillips HR. 

“Treatment of peripheral vascular disease with the transtuminal extraction cathe- 

Cuter results of a multicenter study, (Abstr). J Am Coll Cardiol 1989;13(suppl): 

oo 22TA; : 

10, Friedman HZ, Elliott MA, Gottlieb ‘GJ, O'Neill WW. Mechanical rotary 

atherectomy: the effects of microparticle embolization on myocardial blood 

flow and function. J Jnterven’ Cardiol 1989;2:77-83, 

| Buckbinder M, Warth D, O’Neili W, Zacca N, Ginsburg R, Bertrand M, 

ER, Fourtier J, Leon M. Multicenter registry of percutaneous coronary 

ational ablation using. the Rotabiator. (Abstr) J Am Coll Cardiol 1991; 

(suppl):31A. 

12. Bertrand M, Fourrier J, Buchbinder M, Warth D, O'Neill W, Zacca N, 

Erbel R, Leon M. Abrupt closure following rotational ablation with the Rotab- 

lator—short term clinical followup. (Abstr) J Am Coll Cardiol 1991;17(suppl): 































oS 13. Warh D. ‘Buchbinder 


2. Bansal A, Choks NA, Levine AB, Gangadharan V, Timmis GC, O'Neil W. 


‘THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 69. MAY 7, 1992 


Erbel R. Rotational ablation using the Rotabla i 
able lesions: (Absir) J_Am Coll Cardiol 1991; 1% supply 135A. 
44, Niazi K, Cragg DR, Strzelecki M, Friedman H 
W. Angiographic: risk factors for coronary restenosis following mechanical 
rotational atherectomy. (Abstr) J Am Call Cardiol 1991;17(suppl)218A. R 
15. Robertson GE, Simpson JB, Selmon ‘MR, Vetter TW, Bartzokis TC, Rowe. 
MH, Braden LJ, Hinohara T. Experience of directional coronary atherectomy 
over four years. (Abstr).J Am Coll Cardiol 1991,1 Xsupply:384A. 

46. Bertrand ME, Lablanche JM, Bauters C. Mechanical. recanalization of 
coronary arteries. In Reiber JHC, Serruys PW, eds. Quantitative Coronary 
Arteriography. Amsterdam: Kluwer Academic Publisher, 1991:341-350. 

17. Popma JJ, Topol EJ, Pinkerton CA, Whitlow PL, Hartzler GO, Selmon 
MR. Abrupt closure following directional coronary atherectomy: clinical, angio- 
graphic and procedural outcome. (Abstr) J Am Coll Cardiol 1991;17(suppl): 
30A. 

48. Hinohara T, Veter JW, Rowe MH, Robertson GC, Seimon MR, Douc- 
ette JW, Braden LJ, Simpson JB. The effect of angiographic risk factors on the 
outcome of directional coronary atherectomy. (Abstr) J Am Coll Cardiol 1991, 
(suppl):23A. 

49. Hinotiara T, Selmon MR, Robertson GC, Vetter JW, Rowe MH, Bartz- 
okis TC. Braden LJ, Simpson JB. Angiographic prédictors of restenosis follow- 
ing directional coronary angioplasty. (Abstr) J Ant Coll Cardiol 1991;17(suppl): 
385A. 

20. Vetter JW, Simpson JB, Robertson GC, Selmon MR, Rowe MH, Bartz- 
okis TC, Braden LJ, Hinohara T, Rescue directional coronary atherectomy for - 
failed balloon angioplasty, (Abstr) J Am Coll Cardiol 1991;17(suppl):384A4. 

21 Sctmon MR, Hinchara T, Robertson GC, Rowe. MH, Vetter JW, Bartz- 
okis TC, Braden 13, Simpson JB. Directional coronary atherectomy for saphe- 
nous vein graft stenoses, (Abstr) J Am Call Cardiol 1991;17(sappl)30A. 

22. Leon MB, Pichard AD, Kramer BL, Knopf W, O'Neill W, Stack R. 
Efficacious and safe transluminal extraction atherectomy in patients with unfa- 
vorable coronary ‘esions: (Abstr) J Ant Coil Cardiol 1991;1 7(suppl):219A. 

23. O'Neill W, Meany TB, Kramer B, Knopf WD, Pichard AD, Sketch MH, 
Stack RS. The rele of atherectomy. in the management of saphenous vein graft 
disease. (Abstr) ‘Am Coll Cardiol 1991;17(suppl):384A. 
24. Sketch MH, O'Neill WW, Galichia JP, Feldman RC, Walker CM, Sawchak 





SR, Tcheng JE, Wall TC, Phillips HR, Stack RS. The Duke multicenter: ` 


coronary transluminal. extraction-endarterectomy registry: acute and chronic 
results. (Abstr) J :4im Coll Cardiol 1991;17(suppl):31A. 























Cardiopulmonary Support 


Paul S. Teirstein, MD 





Cardiopulmonary support (CPS) has been shown 
to be a useful addition to interventional cardiol- 
ogy when considering alternatives for high-risk 
patients. Cardiopulmonary support systems are 
capable of up to 6 liters/min output and can be 
used prophylactically to prevent hemodynamic 
collapse following balloon occlusions or acute 
vessel closure. The technique, supported angio- 
plasty, results in reductions of preload and after- 
load and allows prolonged balloon inflations in 
critical coronary vessels. Although it provides 
excellent support for most high-risk patients, 
CPS is a technically challenging and expensive 
procedure associated with significant patient 
morbidity. Standby CPS patients are prepared for 
institution of CPS, but bypass is not actually initi- 
_ ated unless the patient sustains irreversible 

~ hemodynamic compromise. In this study, standby 

- and prophylactic patients had comparable suc- 


< -cess and major complication rates, but proce- 


` dural morbidity was more frequent in prophylactic 
patients. Further study will better define appro- 
priate patient selection for standby versus pro- 
phylactic CPS. 
(Am J Cardiol 1992;69:19F-21F) 
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high-risk percutaneous transluminal coro- 

nary angioplasty (PTCA), including left main 
artery dilation, poor left ventricular function, and 
dilation of the only patent coronary artery. Never- 
theless, research indicates that coronary angio- 
plasty is an acceptable method of coronary revascu- 
larization in selected potentially high-risk surgical 
patients, although complications are higher com- 
pared with those seen in angioplasty patients who 
have normal cardiac function. ! 

Several new devices have been used to support 
coronary or systemic circulation during high-risk 
PTCA procedures. These include transcatheter 
infusion of blood substitutes, prophylactic use of 
the intra-aortic balloon pump, and reperfusion 
catheters.? Recently, the technique of partial car- 
diopulmonary support (CPS) or “supported 
angioplasty” has been developed to reduce the 
problems associated with high-risk angioplasty and 
aortic valvuloplasty.>4 

Femoral arterial venous cardiopulmonary by- 
pass has been widely used for both elective and 
emergent open heart surgery.” Cardiopulmonary 
support technology differs from traditional cardio- 
pulmonary bypass systems in that a centrifugal 
pump, rather than a gravity-fill system, is used to 
aspirate blood from the central venous pool. Sys- 
temic flow rates of 4-6 liters/min can be obtained. 
using 18-20 French cannulae. These large-diame- 
ter cannulae can be inserted percutaneously using 
a sequential dilating technique. In contrast to the 
intra-aortic balloon pump, output is independent 
of intrinsic cardiac function and rhythm.® Patients 
require iliac angiography before insertion of the 
cannulae to ascertain whether any tortuosity or 
stenosis is present.” Studies have shown that CPS 
can be used safely in selected high-risk patients 
undergoing PTCA and in patients in whom coro- 
nary bypass is not feasible, thereby expanding the 
application of PTCA.5-! : 

In 1988, after initial success with the procedure. 
14 institutions formed.a National Registry of ele 
tive supported angioplasty to document the initial 
multicenter experience with the procedure (Table 
1).6 Investigators demonstrated earlier that CPS is 


ii factors have been associated with 
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- “TABLE! 1989 National i Regt of Elective je Suippacted 
4 "Angioplasty 





Investigator 


Robert Vogel, MD 
Fayaz Shawl, MD 


institution 


















<1 University of Maryland,* Baltimore 
| = Washington Adventist Hospital, Ta- 
: koma Park, MD 
|< William Beaumont Hospital, Royal 
Oak, MI 
Methodist Hospital, Lubbock, TX 
~ Shadyside Hospital, Pittsburgh, FA 
$ St. Louis University Hospital, St. 
qos Louis; MO 
a University of Michigan Hospital, 
ii. Aon Arbor, MI 
San Jose Hospital, San Jose, CA 
< Goleta Valley Community Hospita!, 
Santa Barbara, CA 
Sharp Memorial Hospital, San Di- 


William O'Neill, MD 

Paul Overlie, MD 

James O'Toole, MD 
Michael Vandormael, MD 
Eric Topol, MD 


K. Kam Tabari, MD 
John Vogel, MD 





Sidney Smith, Jr, MD 


ego, CA 

St. Francis Cabrini Hospital, Alexan- Robert Freedman, Jr, MD 
dria, LA 

Oschner Foundation Hospital, New Christopher White, MD 
Orleans, LA 


Riverside Hospital, Columbus, OH Barry George, MD 
Scripps Clinic, La Jolla, CA Pau! Teirstein, MD 


*Coordination Center. 





<a valuable addition to high-risk coronary angio- 
_ plasty and aortic valvuloplasty.* During the first 
year of the National Registry, 14 centers enrolled 
_ 105 high-risk patients undergoing PTCA. 
Inclusion criteria were (1) the presence of 
severe or unstable angina pectoris, (2) at least 1 
_ likely dilatable coronary stenosis, and (3) left 
-Ventricular ejection fraction of <25% or a target 
_ vessel supplying > 50% of the viable myocardium, 
< or both. Patients who had unstable hemodynamics 
_ were considered emergent and were excluded from 
- the registry. 
Successful balloon dilation was achieved in 173 
(95%) of 182 vessels that underwent attempted 
dilation. Despite this high success rate, complica- 
-tions were frequent, with 39% of patients experienc- 
-ing a complication. Blood loss requiring transfu- 
~ sion occurred in 45 patients (43%). More than 50% 
of the complications involved arterial, venous, or 
-nerve injury at the femoral cannulation site. None 
¿of the patients was found to be CPS-dependent 
after angioplasty, although 1 of the 105 patients 
_ required temporary intra-aortic balloon pump assis- 
“tance; this patient had a successful outcome. Eight 
: patients (7.6%) died during hospitalization, from 2 
hours to 7 days after the procedure. Left main 
coronary artery stenosis was present in 4 of the 8 
patients who died, all of whom were = 75 years old. 
The registry’s initial experience suggested that 
_ high-risk patients who have severely depressed 
ejection fractions or a single patent coronary vessel 
and those deemed surgically inoperable can un- 
































TABLE H Baseline Characteristics 












: Standby 





Prophylactic 
CPS eps 
(n = 258) {n= 98) p Value 
























Age > 75 years 37 (14%) 20 (20%) NS 

Female 57 (22%) 31 (32%) NS 

Lesions dilated per pa- 1.58 1.62 NS 
tient 

Unprotected teft main 20 (8%) 6 (6%) NS 
dilated 

Only patent vessel di- 63 (24%) 16 (16%! NS 
lated 

LVEF (mean + SD) 27.7 + 12.1 34.1 +4149 <0.01 

LVEF <25% 109 (42%) 28 (29%; <0.05 















CPS = cardiopelmonaiy aur support; LVEF = teft ventricular ejection fraction; NS = 
difference not significant; SD = standard deviation of the mean. 








dergo elective angioplasty using CPS with expecta- 
tions of a good short-term outcome. However, 
morbidity, particularly with respect to femoral 
access site complications, was high.® 

With greater experience, registry members found 
the time required for percutaneous cannula inser- 
tion and initiation of cardiopulmonary bypass de- 
creased to <5 minutes, particularly if contralateral 
femoral access was previously obtained with small 
diameter sheaths. In light of the morbidity associ- 
ated with CPS, it seemed reasonable to place some 


high-risk patients on “standby CPS.” Patients un- a 


dergoing angioplasty with standby CPS are pre~ 
pared for the emergency use of CPS, but cardiopul- 
monary bypass is initiated only if the patient 
demonstrates irreversible hemodynamic compro- 
mise, The approach usually employs arteriographic 
evaluation of the iliac and femoral vessels, place- 
ment of 5 French sheaths in the contralateral 
femoral vein and artery, and cardiopulmonary 
system priming. These measures allow full cardio- 
pulmonary bypass to be initiated within a few 
minutes if hemodynamic collapse occurs.® 

The 1989 CPS registry enrolled 258 patients 
undergoing prophylactic CPS and 98 patients who 
had standby CPS (Table II)” Standby CPS pro- 
vided excellent support for high-risk PTCA. Pa- 
tients receiving prophylactic and standby CPS had 
strikingly similar success and major complication 
rates. Procedural success was seen in 229 patients 
(89%) in the prophylactic group and in 86 (88%) of 
the standby group (Table III). Emergency coro- 
nary artery bypass graft was needed in 2.3% of the 
prophylactic group and in 2% of the standby group, 
and the death rate was 6% in both groups. 

There was a trend toward more femoral access 
site complications anda significant increase in 
blood transfusions required in patients who had 
prophylactic CPS (42 vs 17%, p <0.01). There- 


OF CARDIOLOGY VOLUME 69 MAY 7, 1992 
















TABLE IHi Procedural Outcome 
Prophylactic 





Standby 








CPS CPS 
(n = 258) {n = 98) p Value 

Procedural success 229 (89%) 86 (88%) NS 
Major complications 

Q-wave MI 0 (0%) 1 (1%) NS 

EM-CABG 6 (2.3%) 2 (2%) NS 

Death 15 (6%) 6 (6%) NS 
Morbidity 
Femoral complications 105 (41%) 12 (12%) <0.01 


or transfusion require- 
ment 







CPS = cardiopulmonary support; EM-CABG = emergency coronary artery bypass 
graft; MI = myocardial infarction; NS = difference not significant. 








fore, prophylactic initiation of CPS resulted in 
increased morbidity and no improvement in out- 
come compared with standby CPS. 

Seven of the 98 patients who had standby CPS 
had irreversible hemodynamic deterioration dur- 
ing PTCA. Cardiopulmonary support was success- 
fully initiated in all 7 patients, 4 of whom went on 
to have successful procedures without requiring 
emergency coronary artery bypass surgery. Of the 2 
_ standby CPS patients undergoing standby CPS who 
< had.an emergency bypass surgery, 1 died. 

«o o Although this study favored standby CPS over 
prophylactic CPS, some patient subgroups may still 
benefit from prophylactic CPS. For example, it is 
possible that patients who have extremely low 
-= ejection fractions (left ventricular ejection fraction 

< <20%) would have better outcomes with prophy- 
lactic CPS. Patients who have associated abnormal- 
ities such as significant valvular insufficiency might 
also benefit from prophylactic CPS. Some physi- 
cians might also favor prophylactic CPS in patients 
who have severe left ventricular dysfunction and 
-relatively poor PTCA target lesions (i.e., American 

College of Cardiology/ American Heart Associa- 
tion type B and C lesions) that might require 
prolonged or multiple dilations. 

Prophylactic CPS can cause significant morbid- 





: ity and is rarely needed, even for high-risk angio 






plasty patients. Standby is advantageous because 
CPS can be selectively applied only to those pa 
tients who clearly need it, while avoiding th 
morbidity of CPS in patients in whom it is not 
essential. 

The issues surrounding CPS for high-risk PTCA 
are controversial. CPS is a technically challengin; 
and expensive procedure associated with signifi 
cant patient morbidity. Despite its drawbacks, CP 
has been shown to help save the lives of selecte 
patients undergoing high-risk procedures. Standby 
CPS provides excellent support for most high-risk 
PTCA patients. Further study will better define 
appropriate patient selection for standby versus 
prophylactic CPS. 
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Complex Angioplasty: A Surgeon’: s , Perspective 


Robert H. Jones, MD 





Surgeons commonly have reacted with skepti- 

cism to the introduction of catheter-based inter- 
ventional approaches to treating coronary artery 
disease, prompted apparently, by a desire to pro- 
tect what had been exclusively their turf. Reason- 
able surgeons now largely accept the concept of 


regarding amelioration of coronary anatomy with- 
out thoracotomy remains valuable. The value of 
catheter-based techniques compared with opera- 
tive or noninterventional treatment has not been 
defined in many clinical settings. The complexity 
of evaluating these rival technologies increases 
as the complexity of cases progresses from sim- 
 1-vessel disease to more extensive coronary 





patient populations will likely require analysis of 
observational data. Newer catheter-based tech- 
nologies introduce modes of injury to the coro- 
nary arterial system that have not been encoun- 
tered previously in medical practice. As 
technologies evolve, decisions about the need 
for operative intervention become increasingly 
complex. In the many clinical settings resulting 
from efforts to improve angioplasty, optimal pa- 
tient care occurs in environments with good com- 
munication and cooperation between all physi- 
cians involved in interventional treatment of 
coronary artery disease. 

(Am J Cardiol 1992;69:22F-—-24F) 





From the Department. of Surgery, Duke University Medical Cen- 
“ter, Durham, North Carolina. 
=o Address for reprints: Robert H. Jones, MD, Department of 
Surgery, Duke University Medical Center, P.O. Box 2986, Durham, 
North Carolina 27710. i À ; 
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he use of percutaneous transluminal coro- 

nary angioplasty (PTCA) has grown rapidly 

within the past decade as a primary treat- 
ment for coronary atherosclerotic heart disease. In 
experienced hands, PTCA has a high rate of initial 
success (angina relief) and a low rate of complica- 
tions.! The procedure is particularly useful to treat 
patients with 1-vessel disease whose outlook with- 
out coronary artery bypass surgery (CABG) is good 
and for patients with acute myocardial infarction ` 
who need rapid restoration of coronary blood flow 
to minimize myocardial infarct size.' 

Despite the growing role of the procedure, the 
technique is not free from mortality or morbidity. 
Arterial dilation is not possible or is complicated 
by further arterial narrowing or occlusion in a small 
percentage of patients in whom PTCA is under- 
taken.! A failed procedure necessitating CABG 
accounts for a significant proportion of the compli- 
cations.? Several groups of investigators have re- 
viewed early results of CABG for unsuccessful 
PTCA, and, in these series, the risk of periopera- 
tive myocardial infarction ranges from 21 to 58%.! 

Surgeons have commonly reacted with skepti- 
cism and hostility to the introduction of catheter- 
based interventional approaches to treating coro- 
nary artery disease. This reaction was prompted by 
a desire to protect what had been their exclusive 
turf. Reasonable surgeons now have largely ac- 
cepted the concept of nonoperative mechanical 
treatment of coronary heart disease. Still, they 
remain a valuable resource for constructive criti- 
cism regarding altering coronary anatomy without 
opening the chest. 

In many clinical settings, the value of catheter- 
based techniques compared with operative or non- 
interventional treatment has not been defined. The 
complexity of evaluating these rival technologies 
increases in the progression from simple 1-vessel 
disease to more complex, extensive coronary artery 
disease. Ongoing randomized trials may help de- 
fine indications for these procedures, but patients 
entering these trials represent a highly select sub- 
set. Therefore, applications to broader patient 
populations will likely require analyse of observa- 
tional data. : 








_ IMPLICATIONS OF FAILED PTCA 

Although new interventional technologies have 
broadened the population of patients who are 
amenable to catheter-based techniques, the tech- 
nologies have not improved the results of standard 
angioplasty. About 8-10% of attempted angioplas- 
ties are unsuccessful in dilating the narrowed 
arterial segment or sustaining its patency. Of 
these attempts, half of the failures are due to an 
inability to cross the stenosis with the angioplasty 
wire or balloon or to dilate the stenosis, even 
though the balloon is positioned appropriately. 
The other half are due to abrupt closure of the 
artery after dilation. Commonly, abrupt closure is 
accompanied by chest discomfort and electrocardio- 
graphic evidence of ischemia and requires urgent 
revascularization (repeat PTCA or emergency 
CABG) of the occluded vessel to prevent or limit 
myocardial necrosis. This, in turn, can prevent or 
limit myocardial injury.> In our experience, abrupt 
closure is a good indication for immediate surgery. 
The patient can be treated medically before trans- 
fer to the operating room, or it may be feasible to 
insert a balloon in the interim. In some cases, 
bailout devices may be used, but such intervention 
_ Should be kept to a minimum because of the 
“potential risks they pose to the patient. 

Emerging strategies for failed PTCA that show 
_ promise include the autoperfusion dilation cathe- 
< ater, the endoluminal stent, laser “welding” of the 
dissected intimal segment, and the Simpson 
atherectomy device. Another promising indirect 
intervention is percutaneous femoral—femoral car- 
diopulmonary bypass. 

Nevertheless, the high-risk patient will remain 
at high risk no matter what new strategy is selected. 
Some investigators also argue that none of the 
strategies under development is likely to obviate 
the absolute requirement for backup, emergency 
surgical revascularization.® 

In the initial National Heart, Lung, and Blood 
Institute PTCA Registry, acute closure accounted 
for 53% of emergency coronary artery bypass 
operations, 28% of inhospital deaths, and 36% of 
myocardial infarctions following PTCA.’ Of pa- 
tients with abrupt closure, 5.3% died and 75% 
underwent emergency coronary artery revascular- 
ization or had a myocardial infarction.’ A review of 
the literature indicates that emergency CABG 
after failed PTCA is associated with a significant 
increase in morbidity and mortality, increased 
length of stay, and increased use of resources and 

= personnel with, consequently, increased financial 
_.. effect.’ In addition, the data suggest that it is 








TABLE | Bypass/ Angioplasty Trials 


Angioplasty Compared to Optimal Drug Therapy (ACME) 

Bypass Angioplasty Revascularization Investigation (BARI) 

Coronary Angioplasty vs. Bypass Revascularization Investigation 
(CABR}} 

Emory Angioplasty versus Surgery Trial (EAST) 

German Angioplasty Bypass Investigation (GABH) 

Randomized Intervention Treatment of Angina (RITA) 
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inappropriate to equate emergency CABG after a 
failed PTCA with elective CABG.’ 





OUTCOME COMPARISON OF CABG AND PTCA | 

Differences in late clinical outcome for CABG. 
and PTCA have been documented in the litera 
ture.! Connor and colleagues! have reported that. 
patient survival and freedom from myocardial in 
farction during the first 5 years after the proce- 
dures are similarly good for CABG and PTCA; 
however, risks of recurrent angina pectoris and 
need for an additional revascularization procedure - 
appear to be substantially greater for patients who 
have had PTCA than for those who have had 
CABG. : 

Several bypass/angioplasty trials are under wa 
nationally to compare outcomes with PTCA and 
CABG (Table I). Preliminary data from the Bypass 
Angioplasty Revascularization Investigation 
(BARI) trial have documented an increasing use 6: 
catheter-based techniques in patients with com- 
plex coronary anatomy, especially those with prior- 
coronary artery bypass grafting. The future direc- 
tion of angioplasty appears certain to include a 
population of very high-risk patients who may not. 
be candidates for surgery if catheter-based tech- 
niques fail acutely. However, in most settings, the — 
major role of the surgeon in supporting develop- 
ment of angioplasty is to provide emergency sur- 
gery for this new form of cardiac injury. 





CONCLUSION 

Newer catheter-based technologies introduce. 
modes of injury to the coronary arterial system not - 
encountered previously in medical practice. As- 
technologies evolve, decisions about the need for. 
Operative intervention become increasingly com- 
plex. Arterial injuries without occlusion or free 
hemorrhage, such as may occur from a perforation — 
by an atherectomy extraction device in a patient — 
without prior bypass, can be treated with careful 
observation, including repeat catheterization. In — 
the many clinical situations that result from efforts — 
to improve angioplasty, optimal patient care occurs _ 
in environments that have good communication 
and cooperation between all physicians involved in 
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Greater auention 1 must also be focused © on 
ysiologic end points when determining whether 
tient actually needs PTCA. Many of those who 
dergo PTCA are not ischemic and do not need 
ave their vessels dilated. At the same time, 
. can be an extremely beneficial procedure in 
yersons who have poor cardiovascular physiology, 
including those in whom revascularization can 
ise exercise ejection fractions and restore normal 
heart function. 
-It behooves all cardiologists to give careful 
consideration to the selection of patients for any 
interventional procedure before catheterization. 
At that time, determinations can be made on graft 
placement or when interventional devices such as 
balloons, stents, or lasers can be used to restore the 
heart to as normal a condition as possible. 
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Changing Trends for Surgical Standby i in 
Patients Undergoing Percutaneous 
Transluminal Coronary 


Angioplasty 


John H. K. Vogel, mp 





In 1988 the American College of Cardiology/ 
American Heart Association (ACC/AHA) task force 
subcommittee on Guidelines for Percutaneous 
Transluminal Coronary Angioplasty (PTCA) recom- 
mended that an experienced cardiovascular sur- 
_. gical team be available within the institution for 
emergency surgery for all angioplasty proce- 
dures. The subcommittee felt strongly that this 
requirement allowed for no exception, stating 
that it could not condone existing arrangements 
_« that required the transportation of patients to 


_ Off-site surgical facilities for emergency cardiac 


_ Surgery. Such arrangements failed to meet the 
` necessary standards of care exercised by pru- 


_ dent physicians. Interventional cardiologists are 


-recognizing that it may be prudent for the ACC/ 
__ AHA task force to revise its 1988 guidelines. Im- 

. proved operator technique and new technologic 
advances, such as lasers, atherectomy devices, 
stents, and perfusion pumps and balloons, have 
helped extend the reach of PTCA to more seri- 

_ ously ill patients. With new technologies for an- 
< ggioplasty and an Increased awareness of risk fac- 
“ tors, active standby can be markedly reduced, 


__ thereby resulting in enormous cost reductions 


and in more appropriate patient care. 
(Am J Cardiol 1992;69:25F-32F) 
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Sc Address for-reprints: John H.K, Vogel, MD, Cardiovascular 
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\ Jithin the past decade, percutaneous 
transluminal coronary angioplasty 
(PTCA) has been used to treat hun- 

dreds of thousands of patients with widening indi- 
cations, increasing success rates, and low complica- 
tion rates.! Improved operator technique and new 
technologic advances, such as lasers, atherectomy 
devices, stents, and perfusion pumps and balloons. 
have helped extend the reach of PTCA to more 
seriously ill patients. Interventionalists are recog- 
nizing that increased success rates mean activ 
surgical standby is no longer automatically neces- 
sary. Thus, it may be prudent for the American’ 
College of Cardiology/American Heart Associa- 
tion (ACC/AHA) task force subcommittee on 
Guidelines for Percutaneous Transluminal Coro- 
nary Angioplasty to revise its 1988 guidelines. 
The guidelines recommend that an experienced 
cardiovascular surgical team be available within 
the institution for emergency surgery for all angio- 
plasty procedures.* The subcommittee felt strongly 
that there should be no exception to this require- 
ment and stated that “all arrangements requiring 
the transportation of patients to offsite surgical 
facilities for such emergency surgery fail to meet 
the necessary standards of care exercised by pru- 
dent physicians and therefore cannot be 
condoned.”? The guidelines further state that al- 
though surgical standby arrangements vary from 
institution to institution depending on the number. 
of operating rooms available for cardiac surgery 
and the number of surgeons, perfusionists, nurses, 
and other personnel, the most essential require- 
ment is the capacity to provide rapid surgical 
support when angioplasty fails. Otherwise, the 
subcommittee said, patient care becomes compro 
mised.? 
As operators gain experience with PTCA and- 
increase their understanding of preprocedural fac- 
tors, the task force’s position on surgical standb 
should be tepxamingd. Investigators have identi 
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| TABLE! Characteristics of Type A Lesions 
Type A Lesioris* 





Characteristics 





Discrete (< 10 mm length) Little or no calcification 


Concentric Less than totally occlusive 
~ Readily accessible Not ostial in location 
be Nonangulated segment, <45° No major branch involvement 
C Smoeth contour 





Absence of thrombus | 


i *High success, 85%, and low risk. 
Adapted from J Am Coll Cardiol. 
















TABLE iI Characteristics of Type B Lesions 


Characteristics | 





Type B Lesions* 





| c Tubular (10-20 mm length) Moderate to heavy calcification 





Eccentric Total occlusion <3 months old 
Moderate tortuosity of proximal Ostial in location 

segment 
Moderately angulated segment, Bifurcation lesions requiring 

> 45°, < 90° double guide wires 


irregular contour Some thrombi present 





*Moderate success, 60-85%, and mocerate risk, 
Adapted from d Am Coll Cardiol, 








i TABLE IH Characteristics of Type C Lesions 





Type C Lesions* Characteristics 





Diffuse (> 2 cm length) 

Excessive tortuosity of proximal 
segment 

Extremely angulated segments, 
> 90° 


*Low success, 60%, and high risk. 
‘Adapted from J Am Col! Cardiol. ? 


Total occlusion > 3 months old 


Inability to protect major side 
branches 


Degenerated vein grafts with 
friable lesions 


fied certain patient characteristics associated with 
risk from coronary angioplasty, including advanced 
‘age, female gender, congestive heart failure, unsta- 
ble angina, multivessel coronary disease, and mor- 
phologic findings.’ For example, stenosis character- 
istics that predispose patients to complications 
include long stenoses, stenoses at points of vessel 
. angulation or branching, thrombus, diffuse disease, 
and high-grade stenosis. Lesion morphology, left 
ventricle function, and extent of disease are also 
_ important factors in predicting risk.’ 

Type A lesions are considered to have low risk 
of abrupt vessel closure with an anticipated success 
rate of 285%; type B lesions characteristically 
_result in a lower than optimal success rate, in the 
range of 60-85% or have a moderate risk of abrupt 
-vessel closure, or both; and type C lesions charac- 
teristically result in a low success rate (<60%) or 
-have a high risk of abrupt closure, or both (Tables 

T-I). Thus, operators should be fairly confident 
that they can do a reasonably good job at low risk 
with type A lesions, but type C lesions may require 
an alternative strategy to PTCA. 
Several investigators are attempting to improve 
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_ their technique to reduce patient risk during PTCA 


and to achieve the maximum improvement in 
arterial luminal diameter possible with a minimum 
of vessel disruption. Hartzler’s group* found that 
PTCA of coronary stenoses can be achieved with 
high success rates and low complication rates when 
graded inflations to pressures just sufficient to 
achieve full balloon expansion are performed. The 
investigators concluded that most coronary lesions 
can be dilated at inflation pressures below 10 atm. 
Such findings may have implications for new bal- 
loon and nonballoon technologies under develop- 
ment. Although specialty balloons permitting high 
inflation pressures may be needed on rare occa- 
sions, most stenoses can be successfully dilated 
with pressures obtainable with current catheters. 
Several new nonballoon technologies currently 
under investigation, such as coronary excimer laser 
therapy and atherectomy, may prove to have a role 
in lesions not readily dilated with conventional 
balloon catheters.* 

In a recent study by Spielberg et al,“ the investi- 
gators assessed complication rates of 4 coronary 
angioplasty regimens differing with respect to cath- 
eter material and adjuvant medication. In group 1, 
PTCA was performed with steerable, partially 
Teflon-coated guide wires and conventional dila- 
tion catheters with polyvinyl chloride balloons or 
polyethylene balloons. In group 2, PTCA was 
performed with monorail dilation catheters and 
partially Tefion-coated guide wires. Group 3 had 
the same technique and material as in group 2, but 
urokinase was infused during the intervention; and 
group 4 employed PTCA with monorail dilation 
catheters and fully silicon-coated guide wires. 

The incidence of intermittent or recurrent occlu- 
sions during PTCA increased significantly 
(p = 0.04) from group 1 (conventional steerable 
systems) to group 2 (monorail technique). The 
further increase in the incidence of these complica- 
tions in group 3 (monorail technique with uroki- 
nase) was not statistically significant. In group 4 
(fully silicon-coated guide wires, no urokinase), the 
rate of intermittent or recurrent occlusions was as ` 
low as it was in group 1.5 

The study found that urokinase did not prevent 
intracoronary thrombus formation with the mono- 
rail technique, and the authors suspected that in: 
the case of PTCA-induced regional intimal dissec- 
tion, fibrinolysis can prevent reestablishment of 
intima adherence to the vessel wall (Table IV). 


The investigators concluded. that urokinase in = 


PTCA is a potentially harmful regimen and suggest. : 












-that the monorail technique be peontied with 
fully silicon-coated guide wires and without uroki- 
nase? 
a As operator experience and angioplasty equip- 
ment have evolved, many centers have liberalized 
the selection criteria to include patients with signif- 
icant stenoses in multiple coronary arteries. In 
another study by Hartzler and colleagues,® the 
investigators found that multivessel coronary angio- 
plasty was safe and effective and resulted in excel- 
lent long-term symptom relief and survival. The 
study included 3,186 patients who had coronary 
angioplasty of 2 (2,399 patients) or 3 (787 patients) 
of the 3 major epicardial coronary systems. Angio- 
graphic success was achieved in 10,836 (96%) of 
11,336 lesions with attempted dilation. Complete 
_ revascularization was achieved in 1,835 patients 
(58%). Serious complications, including acute in- 
farction, emergency surgery or death, occurred in 
_ 94 patients (2.9%) (Table V}. Emergency coronary 
artery bypass grafts (CABG) were required in only 
1% of patients. Thus, these complications were 
encountered infrequently with multivessel angio- 
plasty and at rates similar to those seen with single 
vessel angioplasty.® 
a Until recently, relatively few patients were con- 
- sidered candidates for coronary angioplasty when 
symptoms recurred after prior coronary bypass 
surgery.” However, recent investigations show a 
more salutary trend, and patients with prior bypass 
‘surgery now represent a major group in which 
angioplasty is utilized.$ 
In a study to assess outcome when angioplasty is 
performed on patients with prior CABG, PTCA 
was shown to be successful in 356 (84%) of the 422 
patients and in 475 (84%) of 563 vessels attempted 
(Figure 1).8 Ten patients (2.4%) underwent emer- 
gency CABG and 13 (3.1%) had Q-wave myocar- 
dial infarction. The study demonstrated that coro- 
“Mary angioplasty can be performed with a high 
initial success rate, low morbidity, and very low 
‘mortality in patients with prior coronary bypass 

























| TABLE IV Acute Complications of PTCA of 725 Lesions in 660 : 











Patients* 
Group] Group2 Group 3  Groupd 
(n= 192) (n= 91) (n= 232) (n= 210). 
intermittent occlu- 3 (1.6) 7(7.7) 19 (8.2) 7 (3.3) 
sions : 
Recurrent occlusions 2 (1.0) 0 5 (2.2) 1 (G5) 
Permanent occlusions 7 (3.6) 8(8.8) 24(110.3) 41,9) : 
Occlusion of side 4 (2.1) § (5.5) 8 (3.4) 6 (2.9) 
branch 
Coronary thrombus 5 (2.6) 5 (5.5) 15 (6.5) 2 (1.0). 
Emergency CABG 1 (0.5) 2(2.2) 5 (2.1) 1 (0.5) 
PTCA-related death 1 (0.5) 111) 6 (2.1) 1 (0.5) 
No. patients with => 1 17(9.6) 16(20) 49 (23) 19 (9.8) 


complication 








*in parentheses is the percentage of complications relative to all lesions treated | 
within each group. 
CABG = coronary artery bypass graft; PTCA = percutaneous transluminal coronary. 
angioplasty. 
dapted from Cathet Cardiovase Diagn.® 








TABLE V In-Hospital Complications: Single Versus Multivessel 
| Angioplasty 














SV PTCA MV PTCA 
(n = 4,543) (n = 3,186) 

No. % No. % p Value, 
infarction 75 L7 47 L5 NS 
Urgent CABG 95 2.1 33 1.0 0,002. 
Death 40 0.9 31 1.0 NS 


CABG = corona pass graft surgery; MV = elective multivessel; NS = a 
difference not-signi Mant PG i daad 


A = percutaneous transluminal coronary angioplasty 
SV = elective single vessel. 
Adapted from J Am Coll Cardiol:® 


surgery, although restenosis, particularly of vein 
grafts, remains a problem. Initial risk and late 
survival in selected patients who had prior surgery 
compare favorably with reports of reoperation, but | 
recurrence of stenosis after angioplasty signifi- 
cantly compromises event-free survival. Satisfac- 
tory long-term results are more likely when PTCA 
is directed at native vessels, newer vein grafts, 
distal anatomic sites, or internal mammary artery _ 
grafts.® 

Although research on coronary angioplasty in 
young adults (<40 years) is limited, a study by 
Webb and colleagues’ found that PTCA among 














Ne= 422 





| Success 


356 (84.4%) 





Uncomplicated/unsuceeasful 
46 (10.9%) 
OMI only 

3 {2.1%} 
EmCABG only 
6 (1.4%) 

OMI + EmCABG 
4 10.9%} 
Death 

E {0.28 


















I TABLE WI Percutaneous Transluminal ‘Coronary Angioplasty 
| Demographics 














PTCA patients < 40 years old 
148 patients 
Success, 90.5% 
SV PTCA; 70%; MV PTCA, 30% 
Complications, 2% 
Emergency CABG, 0.7% (1 patient) 
Nonfatal Mi, 0.7% (1 patient) 
: Fatal Ml, 0.7% (1 patient) 
T: CABS. = scoronary artery bypass graft surgery; MI = myocardial infarction; MV = 
| lective multivessel angioplasty; PTCA = percutaneous transluminal angioplasty; SV = 


:-élective single vessel angioplasty. 
"adapted rom J Am Coli Cardiol? 





















patients in this category has a high likelihood of 
success, with low morbidity and mortality. In the 
study of 148 patients, PTCA was performed on a 
single vessel in 70% of patients and on multiple 
vessels in 30%; it was performed on a totally 
occluded vessel in 20%. The procedure was success- 
ful in 90.5% of patients, unsuccessful but uncompli- 
cated in 7.4%, and complicated by myocardial 
infarction in 0.7%. Emergency bypass surgery was 
needed in 0.7%, and death occurred in 0.7% 
(Table VI). 
At late follow-up (mean 3.7 + 3 years; range 
0.5-11.5 years) after successful PTCA, 94% of 
patients were alive, 79% were free of angina, and 
85% had returned to work; late myocardial infarc- 
tion occurred in 4%. Actuarial survival at 5 years 
was 95%, and 85% of patients were free from 
death, infarction, or bypass surgery. A second 
PTCA was performed in 29 patients (22%) and was 
“successful in 27 (93%), with no deaths. Elective 
„coronary bypass surgery was performed in 8.5% of 
patients, with perioperative infarction in 9% and 
no deaths. By univariate analysis, late death was 
‘more likely to occur in hypertensive and diabetic 
patients. Thus, early and late results after PTCA in 
young adults are favorable, but certain risk factors 
are important predictors of outcome. The investiga- 
‘tors found that late revascularization procedures 
for restenosis or disease progression were com- 
mon.? 
=. Most patients undergoing coronary angioplasty 
_after prior coronary bypass surgery do not require 
_reoperation. In a study that examined outcome in 
46 patients with a history of CABG followed by 
failed elective PTCA necessitating urgent reopera- 
tive CABG, investigators concluded that most 
patients survive the procedure, but the incidence of 
myocardial infarction is high in those with acute 
ischemia at operation. Still, patients who leave the 
hospital can look forward to favorable event-free 
survival over the first several years. They also noted 
that overall risk may be modified, depending on 







‘detailed consideration of the severity. and dis 
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tion of the coronary and native vessel disease, and 
the expertise and experience of the coronary angio- 
plasty operator, cardiac anesthesiologists, and car- 
diothoracic surgeon.!° 

Other studies point to increasing success rates 
for coronary angioplasty in complex and potentially 
high-risk conditions. In an analysis of the short- 
and long-term effects of coronary angioplasty in 61 
patients with severely depressed left ventricular 
function (ejection fraction < 35%) with unstable or 
refractory anginal symptoms, or both, in whom 
revascularization was necessary despite increased 
risk, investigators concluded that coronary angio- 
plasty can be performed with a short-term success 
rate comparable to that of routine angioplasty or 
surgical procedures.!! 

The 61 patients in the study group had a 
relatively high periprocedural mortality rate de- 
spite a good initial success rate; in addition, the 
high follow-up mortality rate may be a manifesta- 
tion of restenosis overlying a severely compromised 
myocardium. Coronary angioplasty in such pa- 
tients can be performed with a high degree of 
immediate success but may not affect the natural 
history of these patients, particularly the late mor- 
tality rate. However, early detection of silent re- 
stenosis may be possible by elective repeat angiog- 
raphy or nuclear perfusion imaging, or both, which 
could lead to timely repeat angioplasty and per- 
haps fewer late deaths. The study did not demon- 
strate angioplasty to be a better method of revascu- 
larization than bypass surgery. Rather, it is a 
reasonable and potentially feasible alternative. 


Further investigation is necessary to determine > 


subgroups that may be preferentially treated by 
one or the other therapy." 


SURGICAL STANDBY: THE ISSUES 

Failure of PTCA resulting in emergent or elec- 
tive CABG surgery has been noted since the initial 
report of the procedure.” In the 169 patients of 
Gruentzig treated in Zurich," 18% had CABG 
surgery within 1 month of their hospitalization; of 
these, 7.7% received it as an emergency procedure. 
Currently, many centers report emergency rates in 
the 2% range.’? Although there has been an. 
enormous explosion of new technology, few data 
are available on current practice patterns for surgi- 
cal standby for PTCA. In view of the time commit- 
ments and cost involved for surgical standby, my 


colleagues and I conducted three surveys tocharac- -> : 
terize practice patterns in the United States and © 


abroad. During 1990, we conducted surveys of _ 

















TABLE Vill. Estimated Cost for Standby 1 990-—-US 























| TABLE VIE Surveys of PTCA Experience 
af Geneva 
(Europe, Emory Santa Barbara 
Canada, Mexico) (USA) (USA) | 

ae countries/states 13 31 19 
Average no. PTCA/yr 391 80 183 
% <100/yr 8% 64% 39% 
Average experience/yr 5.2 47 6.6 
No. responses 24 75 31 
Average no. ORs 3.0 2.3 3.6 

p OR = operating room; PTCA = percutaneous transluminal coronary angioplasty. 








practice patterns of interventional cardiologists 
attending angioplasty courses at Emory University, 
Atlanta; in Geneva, Switzerland; and at the Amer- 
ican College of Cardiology workshop on interven- 
tional cardiology in Santa Barbara. 

A demographic analysis of operator experience 
with PTCA showed that experience varied widely 
among the three survey groups. The European 
group, which represented 13 countries, was the 

“most experienced, with an operator average of 
approximately 391 PTCAs annually. The Santa 
Barbara group (representing 19 states) performed 
about 200, and the Emory group (31 states) per- 

formed about 80 (Table VII). 

The survey found that approximately 86% of 
PTCA cases were elective and 14% were emer- 
gency. While 95.9% of cardiologists at the Emory 
course and 81% at the Santa Barbara workshop 
used routine standby when performing elective 
PTCA, only 72%. of the European contingent 
reported it. Thus, in 1990 an estimated 270,595 
patients undergoing PTCA in the United States 
had surgical standby. At an estimated patient cost 
of $990 at Goleta Valley Community Hospital 
(Santa Barbara, California), excluding physician 





-< 







270,595 No. patients 
$990.00 (cost/1 hour) 
$267 ,889,050.00 Patient costs 





($156,945,100.00 estimated actual hospital costs) 
Does not include 

« Surgeon, anesthesiologist fees 

e Packs not opened 

« Pump not set up 

Assume 2.0% emergency CABG 

Cost per patient ~» CABG, $49,499.00 


[= = coronary artery bypass graft surgery. 














































fees and no pump set up or packs opened, an 
estimated nationwide surgical standby patient cost 
during 1990 was $267,889,050. This is a cost of © 
approximately $50,000 per patient going to emer 
gency bypass, assuming a 2% rate (Table VIII), If 
one adds the projected professional fees, the cost. 
approaches $100,000 per patient undergoing emer- 
gency CABG. If the emergency rate were 1%, the 
cost would be $200,000. 
When asked if the cost of standby was an 
important issue, 75-80% of participants in the US 
surveys answered yes, as compared with fewer than 
50% of the Geneva group. When participants were 
asked if they knew the surgeon’s cost for stan 
however, the percentages dropped dramaticalh 
with only about 30% of the US participants aware 
of those costs. The percentages continued to d 
cline when participants were asked about their 
knowledge of anesthesiologists’ costs and opera 
ing room costs. Fewer than 50% of participants in 
the US surveys knew the cardiologists’ costs fi 
such services (Figure 2). 
Several emerging factors suggest that it may be 
possible to characterize the risk of angioplasty and 
thus individualize the level of standby. Preproce- 
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TABLE IX Hospitals Without Surgical Backup 

o ‘Distance to Backup 
8-60 km 

10-60 min, 

by ambulance, helicopter 
60-150 miles, 

30 min by 

helicopter 


2—30 miles, 
15-20 min 














os Geneva 4l% 
Emory 6% 


Santa Barbara 22% 





dural factors, such as unstable angina, diabetes, 
gender, and age, influence risk as do anatomic 
variables such as left ventricular function, lesion 
morphology, the extent of vessel involvement, ves- 
sel size, and lesion site. Intraprocedural factors 
such as equipment used, device used, perfusion 
techniques, and inflation techniques may also af- 
fect success. 

Numerous therapies have evolved to decrease 
myocardial ischemia and failed angioplasty. These 
include local coronary defensive measures (includ- 
ing stents, autoperfusion and active perfusion, 
atherectomy devices, and laser balloon angio- 
plasty) and systemic support (including cardiopul- 
‘monary support (CPS), and intra-aortic balloon 
pumping). Given the availability of stents and CPS, 
the surveys indicated that many physicians would 

e willing to consider PTCA without active surgical 
andby. When participants were asked if they 
would consider PTCA without standby given the 
availability of stents, cardiopulmonary support, 
autoperfusion, directional atherectomy, intra- 
aortic pump balloon, or laser balloon angioplasty, 
all three groups showed the highest receptivity to 
‘stents and CPS (Figure 3). CPS was more widely 
accepted among the American physicians than 
those in the European group, and among all three 
Survey groups directional atherectomy and the 













“TABLE X Active Standby, Operati 





| Available” 
i Proximal LAD 
LV dysfunction, EF <40% 

Vessel —» major blood supply 

Closure — shock 

Dominant RCA, circulation 

“Last” vessel 

Multivessel angioplasty 

Non-Mb-vessel in AMI, SVG with occluded native vessel 
Left main equivalent or unprotected left main 
Anyonewould operate if failed PTCA 

Bs, C lesions 





AMI = acute myocardial infarction; EF = ajection fraction; LAD = teft anterior 
descending coronary artery; LV = jeft" ventricular; M = myocardial infarction; FTCA = 
percutaneous transiuminal coronary angioplasty; RCA = right coronary artery; SVG = 
saphenous vein grait. 








intra-aortic pump were considered by < 25%. These 
reports indicate that the availability of these tech- 
nologies, as well as responsiveness to the risk of 
pre- and intraprocedural factors, may alter prac- 
tice patterns. 

Despite the recommendations of the ACC/ 
AHA task force subcommittee on Guidelines for 
Percutaneous Transluminal Coronary Angioplasty, 
the surveys indicate that the practice of PTCA in 
hospitals without on-site surgical backup is wide- 
spread in some areas. Findings from the European 
survey showed that 41% of respondents reported 
that their hospitals did not have surgical backup. 
Hospitals were located 8-60 km (1-36 miles) from 
the backup hospital, requiring a transport time of 
10-60 minutes by ambulance and/or helicopter. In 
the Emory group, only 6% of physicians reported 
facilities that did not have backup. Hospitals with- 
out backup were located 60-150 miles from the 
backup hospital, requiring a 30-minute transport 
time via helicopter. In the Santa Barbara study, 
22% of physicians reported facilities that did not 








100 
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Stents 


“CRS 








| TABLE XI Passive Standby, Operating Room Not Open, 
- [Surgeon Available 

















Small vessel or midvessel disease 
Total occlusion 

Infarct vessel, AMI, salvage 

Smali area at risk, vessel serves scar 
Good LV 

Branch vessels 

Gruentzig vessel 

Mid-LAD 

Small grafts (not host vessel) 

Elderly 

Saphenous grafts with stent 
Collateral protection 


AMI = acute myocardial infarction; LAD = left anterior descending coronary artery; 
LV = left ventricular. 









have backup; these facilities were located 2-30 
miles from the backup hospital and required 15-20 
minutes of transport time (Table IX). 

Anecdotal information from other sources indi- 
¿> cates high PTCA success rates without on-site 
` surgical backup. Three large Canadian hospitals 
perform PTCA without on-site surgical backup 
with excellent results (Dragatakis LN, Klink P: 
Personal communications, November 1990). Ap- 
_. proximately 50% of surgeries in Germany are 
_ performed in hospitals without in-house surgical 
“backup. One German center has performed 5,007 
procedures with good results without in-hospital 
surgical backup.'4 Their emergency CABG rate 
was 0.2%. 

Excellent results have also been reported from 
Belfast, Ireland, by Richardson and associates.'5 
They concluded that with careful selection of 
patients, coronary angioplasty may be safely per- 
formed in a hospital without on-site cardiac surgi- 
cal facilities, provided that these facilities are 
available at a nearby center. These centers gener- 
ally are within 2-3 km (approximately 1-2 miles) of 
the backup hospital, and special attention is given 
to patient selection and defensive strategies for 

_ threatened or failed angioplasty. 


CONCLUSION 

Addressing the problem of failed PTCA is 
critical to resolving the debate about surgical 
standby. Physicians must be able to deal with 
myocardial ischemia, myocardial infarction, and 
stabilizing patients before CABG or before continu- 
ing with medical therapy. Strategies that physicians 
may consider to avoid PTCA failure include stag- 
_. ing procedures in certain persons, avoiding worri- 
_ some lesions, and avoiding the procedure in pa- 
__ tients with ischemia and clot formation. Technologic 
developments such as the stent and perfusion 





_ ates'® support such a possibility with direct PTC 






























TABLE XII No Standby, Coronary Artery Bypass Grafting | 


Patient absolutely refuses, agrees to accept consequences (death) 
Surgeon refuses case 

Nonsurgical, cancer, COPD 

Nondominant RCA 

Closure less dangerous than CABG 

Total occlusion (RCA) with collateral 

Smail area at risk, graft-protected RCA 











| CABG = coronary artery bypass graft; COPD = chronic obstructive pulmonary disease: 
RCA = right coronary artery. 

















































techniques will be increasingly important tools to _ 
prevent ischemia and stabilize the patient. 

With new technologies for angioplasty and an — 
increased awareness of risk factors, active standby 
can be markedly reduced, thereby resulting in 
enormous cost reductions and wasted hours. As of | 
January 1, 1991, Medicare payment for Diagnostic. 
Related Group 112 for PTCA was $7,751.32 in the 
Santa Barbara area. Using one balloon catheter 
only, actual out-of-pocket costs to the hospital 
were approximately $7,000. The Diagnostic Re- 
lated Group (DRG) payment does not includ 
additional provisions for the cost of special device 
lytic agents, special solutions, CPS, or surgi 
standby. 

Thus, practicing interventional cardiologists mus 
carefully address the indications for surgical 
standby—the prevention of ischemia during 
PTCA—when making decisions about the mo: 
appropriate care for their patients. A close analys 
of the prudent use of technology is essential if we 
expect to have the continuing privilege of providing 
the best technology for our patients. It is recom- 
mended that the guidelines for PTCA be revised. I 
would suggest the following levels of standby: 

- active—operating room is open and ready and 

surgeon is available 

- passive—next operating room and surgeon 

available, and 

- no standby. 

Patients who might be appropriate candidates for 
these strategies are described in Tables X-XII, 

In addition, one must consider the possibility of 
PTCA in a hospital without on-site surgical backup. 
It is recognized that facilities are abundant in the 
United States, and there is little need for elective 
PTCA in a hospital without on-site surgical backup. 
However, there is considerable debate as to the 
role of PTCA in acute myocardial infarction, If 
PTCA emerges as an important alternative to lytic 
therapy in some situations, the performance. of 
PTCA in a hospital without on-site surgical backu 
may be justified. The results of Kahn and associ 





















in patients with: acute myocardial infarction. In 
addition, recent results cf primary angioplasty for 
acute myocardial infarction without on-site surgical 
backup suggests that appropriate patients can be 
‘selected for such procedures. In the Seattle experi- 
ence, the emergency bypass rate was 1.3% with no 
deaths.!” Similar results have been noted by oth- 
ers! 
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Make this 
connection to reduce 
heart attack risk 


HDL 
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To reduce heart attack risk, don’t overlook coexisting low HDL, 
high triglycerides, and high LDL. A recently published 
analysis of data from a Helsinki Heart Study subgroup shows 
why: 


LOPID reduced the incidence 
of heart attack* 71% 


—in a high-risk subgroup of 
patients with multiple lipid 
disorders. While the overall 
reduction in heart attack was 
34%, the greatest reduction 
in heart attack was achieved 
among those LOPID patients 
with baseline triglycerides 
>200 mg/dL and baseline 
LDL/HDL >5 (n = 154)." 
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A ‘| ) 600-m 
gemfibrozil) soins 
TREATS THE ENTIRE TRIAD 
DRAMATICALLY REDUCES HEART ATTACK 


LOPID is indicated for reducing the risk of coronary heart disease in type Ilb 
p patients with low HDL, in addition to elevated LDL and triglycerides, and 
; who have had an inadequate response to weight loss, diet, exercise, and other 
pharmacologic agents such as bile acid sequestrants and nicotinic acid. 
LOPID is not indicated for the treatment of patients with low HDL as their only 
lipid abnormality. 


Contraindicated in patients with hepatic or severe renal dysfunction, including 
primary biliary cirrhosis, preexisting gallbladder disease, or hypersensitivity to 
gemfibrozil. LOPID may increase cholesterol secretion into the bile, leading to 
cholelithiasis. Caution should be exercised when anticoagulants are given in 
conjunction with LOPID. 
























Reference 1. Manninen V, Tenkanen L, Koskinen P, et al. Joint effects of serum triglyceride and LDL cholesterol and 
HDL cholesterol concentrations on coronary heart disease risk in the Helsinki Heart Study: implications for 
treatment. Circulation. 1992;85:37-45. 

*Defined as a combination of definite coronary death and/or definite myocardial infarction. 

tMean HDL = 35 mg/dL; mean LDL = 208 mg/dL; P = .005; 95% CI 21.2 to 118.6. 

Please see last page of this advertisement for warnings, contraindications, and 
brief summary of prescribing information. 
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$ Before prescribing, please see full prescribing information: 
A Brief Summary follows. 

CONTRAINDICATIONS. 1. Hepatic or severe renal dysfunction, including primary 

biliary cirrhosis. 

2. Preexisting galibladder d:sease (See WARNINGS). 
3. Hypersensitivity to gemfibrozil, 

WARNINGS. 1. Because of chemical, pharmacological, and clinical similarities be- 
tween gemfibrozil and clofibrate, the adverse findings with clofibrate in two large clinical 
studies may also apply to gemfibrozil. In the first of those studies, the Coronary Drug 
Project. 1000 subjects with prévious myocardial infarction were treated for five years 
with clofibrate, There was no difference in mortality between the clofibrate-treated sub- 
jects and 3000 placebo-treated subjects, but twice as many clofibrate-treated subjects 
developed cholelithiasis and cholecystitis requiring surgery. In the other study, con- 
ducted by the World Health Organization (WHO). 5000 subjects without known cor- 
onary heart disease were treated with clofibrate for tive years and followed one year 
beyond, There was a statistically significant, 29%, higher total mortality in the clofibrate- 
treated than in a comparable placebo-treated control group. The excess mortality was 
due to a 33% increase in noncardiovascular causes, including malignancy, post- 
cholecystectomy complications. and pancreatitis. The higher risk of clofibrate-treated 
subjects for gallbladder disease was confirmed. 

During the Helsinki Heart Study and in the 12 year follow-up period since the trial 
was completed, mortality from any cause was 59 (2.99%) in the Lopid group and 55 
(2.7%) in the placebo group. Mortality from any cause during the double-blind portion 
of the study was 44 deaths in the Lopid group and 43 in the placebo group. Because of 
the more limited size of the Helsinki Heart Study, this result is not statistically- 
significantly different from the 29% excess mortality seen in the clofibrate group in the 
separate WHO study. Noncoronary heart disease related mortality showed a 58% 
greater trend in the Lopid group (43 vs 27 patients in the placebo group, p=0,056). 

In the Helsinki Heart Study, the incidence of total malignancies discovered during the 
trial and in the 1¥2 years since the trial was completed was 39 in the Lopid group and 29 
in the placebo group (difference not statistically significant), This includes 5 basal cell 
carcinomas in the Lopid group ard none in the placebo group (p=0.06; historical data 
predicted an expected 4.7 cases in the placebo group), GI malignancies and deaths 
from malignancies were not statistically 
different between Lopid and placebo sub- 
groups. Follow-up of the Helsinki Heart 
Study participants will provide further infor- 
mation on cause-specific mortality and 
cancer morbidity. 

2. A gallstone prevalence substudy of 450 | 
Helsinki Heart Study participants showed a 
trend toward a greater prevalence of gall- 
stones during the study within the Lopid 
treatment group (7.5% vs 4.9% for tre place- 
bo group, a 55% excess tor the gemfibrozil 
group). A trend toward a greater incidence 
of gallbladder surgery was observed for the 
Lopid group (17 vs 11 subjects, a 54% ex- 
cess), This result did not differ statist-cally 
from the increased incidence of cho'ecystectomy observed in the WHO study in the 
group treated with clofibrate. Both clofibrate and gemfibrozil may increase cholesterol 
excretion into the bile leading to cholelithiasis, If cholelithiasis is suspected, gallbladder 
studies are indicated. Lopid therapy should be discontinued if galistones are found. 

3. Since a reduction of mortality fram coronary artery disease has not been 
demonstrated and because liver anc interstitial cell testicular tumors were increased in 
rats, Lopid should be administered only to those patients described in the INDICATIONS 
AND USAGE section. Ifa significant serum lipid response is not obtained, Lopid should 
be discontinued. 

4. Concomitant Anticoagulants — Caution should be exercised when anticoagulants 
are given in conjunction with Lopid. The dosage of the anticoagulant should be reduced 
to maintain the prothrombin time at the desired level to prevent bleeding complications. 
Frequent prothrombin determinations.are advisable until it has been definitely determined 
that the prothrombin level has stabilized. 

5. Concomitant therapy with Lopid and Mevacor® (lovastatin) has been associated with 
rhabdomyolysis, markedly elevated creatine kinase (CK) levels and myoglobinuria, 
leading in a high proportion of cases to acute renal failure. In most subjects who have 
had an unsatisfactory lipid response to either drug alone, the possible benefit of combined 
therapy with lovastatin and gernfibrozil does not outweigh the risks of severe myopathy, 
rhabdomyolysis, and acute renal failure (See Drug interactions). The use of fibrates 
: alone, including Lopid, may occasionally be associated with myositis. Patients receiving 

` Lopid and. complaining of muscle pain. tenderness, or weakness should have prompt 
‘medical evaluation for myositis, including serum creatine kinase level determination. If 
myositis is suspected or diagnosed, Lonid therapy should be withdrawn. 

6, Cataracts Subcapsular bilateral cataracts occurred in 10%, ard unilateral in 63% 
of male rats treated with gemfibrozil at 10 times the human dose. 

PRECAUTIONS. 1. initial Therapy — Laboratory studies should be done to ascertain 
that the lipid levels are consistently abnormal. Before instituting Lopid therapy, avery at- 
tempt should be made to contro! serum lipids with appropriate diet, exercise, weight loss 
in obese patients, and control of any medical problems such as diabetes mellitus and 
hypothyroidism that are contributing to the lipid abnormalities. 

2. Continued ~ Periodic determination of serum lipids should be obtained, 
and the drug withdrawn if lipid response is inadequate after 3 months of therapy. 

3. Drug Interactions —(A) Lovastatin: Rhabdomyolysis has occurred with combined 
gemfibrozil and lovastatirv therapy. It may be seen as early as 3 weeks after initiation of 
combined therapy or after several manths. In most subjects who have had an unsatisfac- 
tory lipid response to either drug alone, the possible benefit of combined therapy with 
lovastatin and gemfibrozil dees not outweigh the risks of severe myopathy, rhab- 
domyolysis, and acute renal failure. There is no assurance that periodic monitoring of 
creatine kinase will prevent the occurrence of severe myopathy and kidney damage. 

(E) Anticoagulants: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 
LANTS ARE GIVEN IN CONJUNCTION WITH LOPID. THE DOSAGE OF THE ANTI- 
COAGULANT SHOULD BE REDUCED TO MAINTAIN THE PROTHROMBIN TIME AT 
THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT 
PROTHROMBIN DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN 
DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL HAS STABILIZED. 

4, Carcinogenesis, Mutagenesis, Impairment of Fertility — Long-term stucies 
have been conducted in rats and mice at one and ten times the human dose. The inci- 
dence of benign liver nodules and liver carcinomas was significantly increased in high 
dose male rats. The incidence of liver carcinomas increased also in low dose males, 
but this increase was not statistically significant (p=0.1). in high dose female rats, there 
was a significant increase in the combineciincidence of benign, and malignant liver 
. Negpiasms. in male and female mice, there were no statistically significant differences 





io tobe carcinogenic with other fibrates. 
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Male rats had a dose-related and statistically significant increase of benign LB 
tumors at 1 and 10 times the human dose. a 

Electron microscopy studies have demonstrated.a florid hepatic peroxisome proli 
tion following Lopid administration to the male rat An adequate study to test for perox 
isome proliferation has not been done in humans but changes in peroxisome — © 
morphology have been observed. Peroxisome proliferation has been shown to occu 
humans with either of two other drugs of the flbrate class when liver biopsies were c 
pared before and after treatment in the same individual. 

Administration of approximately three or ten times the humandose to male rats for. 10 weeks 
resulted in a dose-related decrease of fertility, Subsequent studies demonstrated that this 
effect was reversed after a drug-free period of about eight weeks, and it was not transmit- 
ted 1 the offspring. 

5. Pregnancy Category 6 ~ Reproduction studies nave been performed in the tat a 
doses 3 and 9 times the human dose, and in the rabbit at 2 and 67 times the human 
dose. These studies haverevealed no evidence of impaired fertility in females or harmto. 
the fetus due to Lopid. Minor fetotoxicity was manifested by reduced birth. rates observed 
at the high dose levels. No significant malformations were found among almost 400 
spring from.36 litters of rats and 100 fetuses from 22 litters of rabbits, 

There are no studies in pregnant women, In view of the fact that Lopid is tumorigenic in. 
malexand female rats, the use of Lopid in pregnancy should be reserved for those pa- 
tients where the benefit clearly outweighs the possible risk to the patient or fetus: 

6 Mursing Mothers — Because of the potential ‘or tumorigenicity shown for gem 
fibrozil in rats, a decision shouid be made whether to discontinue nursing or discontinue: vii 
the deug, taking into account the importance of the drug to the mother. 

7. Hematologic Changes — Mild hemoglobin, hematocrit and white blood cell 
decreases have been observed in occasional patients following initiation of Lopid 
therapy. However, these levels stabilize during long-term administration, Rarely, severe 
anemia, leukopenia, thrombocytopenia, and bone marrow hypoplasia have been: 
reported. Therefore, periodic biood counts are recommended during the first 12 months 
of Lopud administration. 

8 Liver Function — Abnormal liver function tests:have been observed occasionally 
during Lopid admiristration, including eleva: 
tions of AST (SGOT), ALT (SGPT), LOH, Biti- 
rubin, and alkaline phosphatase. These are: 
usually raversible when Lopid is discon- 
tinued, Therefore periodic liver function 
studies are recommended and Lopid therapy... 
should be terminated if abnormalities persist. 

9. Use in Children — Safety and efficacy in 
children have not been established. 

ADVERSE REACTIONS. in the double-blind 
controlled phase af the Helsinki Heart Study, 
2046 patients received Lopid for upto 5 years. 
in that study, the following adverse reactions 
were statistically more frequent in subjects in 
the Lopid group (placebo incidence in paren- 
theses): gastrointestinal reactions, 34.2% 
(23.8%):-dyspepsia, 19.6% (11.9%); abdominal pain, 98% (5.6%); acute appendicitis 
(histologically confirmed in most cases where data are available), 1.2% (0.6%), atrial 
fibrillation, 0.7% (0.1%). 

Adverse events reported by more than 1% of subjects, but without a significant differ- 
ence between groups (placebo incidence in parentheses) were: diarrhea, 7.2% (6.5%); 
fatigue, 28% (3.5%); nausea/vormting, 2.5% (2.1%); eczema, 1.9% (1.2%); rash, 1.7% 
(1.3%); vertigo, 1.5% (1.3%); constipation, 1.4% (1.3% headache, 1.2% (1.1%). 
Gallbladiier surgery was performed in 0.9% of Lopid and 0.5% of placebo subjects, a 
64% excess, which is not statistically different trom the excess of gallbladder surgery 
observeciin the clofibrate compared to the placebo group of the WHO study. 

Nervous system and special senses adverse reactions were more common in the 
Lapid group. These included hypesthesia, paresthesias, and taste perversion. Other 
adverse reactions that were more common among Lopid treatment group subjects but 
where a causal relationship was net established include cataracts, peripheral vascular 
disease, and intracerebral hemorrhage. 

From other studies it seems probable that Lopid is causally related to the occurrence 
of musculoskeletal symptoms (See WARNINGS), and to abnormal liver function 
tests and hematologic changes ‘See PRECAUTIONS). 

Reports of viral and bacterial infechons (common cold, Gough, urinary tract infections) were 
more common in gemfibrozil-treatec patients in other con‘rolied clinical trials of 805 patients. 

Additional adverse reactions that have been reported for gemfibrozil are listed below 
by system. These are categorized according to whether a causal relationship to treat- 
ment with Lopid is probabie or not established: 

CAUSAL RELATIONSHIP PROBABLE: Gastrointestinal: cholestatic jaundice; Central 
Nervous System: dizziness, somnolence. paresthesia, peripheral neuritis, decreased 

libido, depression, headache; Eye: blurred vision, Genitourinary: impotence; 
Muscutoskeletal: myopathy, myasthenia, myalgia, painfu' extremities, arthralgia; 
synovitis, rhabdomyolysis (see WARNINGS and Drug interactions under PRECAU 
TIONS); Clinical Laboratory: increased creatine phosphokinase, increased bilirubi 
creased liver transaminases (AST [SGOT], ALT [SGPT], increased alkaline phosphat 
Hematopoietic: anemia, leukopenia, bone marrow hypoplasia, eosinophilia: lar 
munologic: angioedema, laryngeal edema, urticaria; integumentary: exfoliative 
matitis. rash. dermatitis, pruritus. 

CAUSAL RELATIONSHIP NOT ESTABLISHED: General: weight loss; Cardiac. 
toles; Gastrointestinal: pancreatitis, hepatoma, colitis; Central Nervous Syste: 
sion, convulsions, syncope; Eye: retinal edema; Genitourinary: decreased mal 
Clinical Laboratory: positive antinuclear antibody, Hematapoietic: thrombocytopenia, 
Immunologic: anaphylaxis, Lupusdike syndrome, vasculitis; Integumentary: j 
DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200 mg 
administerediin two divided doses:30 minutes before the morning and evening meal 
MANAGEMENT OF OVERDOSE. While there has been ro reported case of over.” 
dosage, symptomatic supportive measures should be taker: should it occur. 
References: 1. Frick MH, Elo O, Haapa K, et al: Helsinki Heart Study: Primary preven 
tion trial with gemfibrozilin middle-aged men with dyslipidemia. N Engl Med 
1987:317:1297-1245 2. Manninen V, Elo., Frick MH, et al: Lipid alterations and: declin 
in the incidence of coronary heart disease in the Helsinki Haart Study. JAMA 1988; 
260:641-651, 3. Nikkila EA: Familial lipoprotein lipase deficiency.and related disorders of 
chylomicron metabolism. in Stanbury B. etal: (eds): The Metabolic Basis of Inherited. 
Disease, 5th ed., McGraw-Hill, 1983, Chap 30, pp.622-642.. 
Caution — Federal law prohibits dispensing without ut prescription. : 
PARKE- : Cor 
Div of IKE. DAVIS, E 0727601 
Morris Plains, Nd 07850.U3A : PB-S6-Ae7 SBA 
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Only One Company 
Offers Clinical Education, 
Drug Interaction And 


acemaker Data Programs 
On A Patient Monitor. 


AACN/Medi-Sim Pacemaker Information IV-CHEK™ and 

Critical Care Simulations/ Retrieval System (PIRS) Drug Therapy Screening 
SpaceLabs Clinical Tutorials PIRS provides instant access System (DTSS)™ 

Nurses can earn CE credit to comprehensive data on Two drug databases provide 
on a PCMS monitor without virtually all U.S. pacemakers, fast, accurate drug informa- 
leaving their unit. Staff AICDs, pacemaker leads, tion on the monitor. The data- 
retention is enhanced; pacemaker product alerts and bases — updated quarterly — 
scheduling problems and the latest FDA releases and include 2500 drug-to-solution 
educational travel time/cost recalls. and 1200 drug interaction 

are reduced. monographs. 
peerage a 






Introducing SpaceLabs’ PC2 
DataMaster™ and the Clinical Library. 
PC2 DataMaster and the Clinical Library 
open a new world of clinical information 
programs on the patient monitor. PC2 
DataMaster offers the same human 
interface and modular design as other 
PCMS monitors, but also supports the 
SpaceLabs Clinical Library. . . an array of 
powerful educational, drug and pacemaker 
programs. Each program can be accessed 
with just a touch of the monitor screen. 
And, while Clinical Library applications 
are running, PC2 DataMaster continues to 
serve as a fully functional patient monitor. 





Today, only SpaceLabs offers this expanded 
capability of the basic vital signs monitor. 


SpaceLabs 


The Clinical Information Company 


SpaceLabs, Inc., 15220 N.E. 40th Street, P.O. Box 97013, Redmond, WA 98073-9713 (206) 882-3700 Distribution worldwide: Offices in Munich, London, Paris, Sydney, Singapore, Hong Kong and Canada 
PC2 DataMastet is a trademark of SpaceLabs. Inc. IV-CHEK and Drug Therapy Screen System (DTSS) are trademarks of Medi-Span Development Corp. © SpaceLabs, Inc. 1991 
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Now for heart rate control during atrial fibrillation and flutter 


3-MINUTE 
ONSET 











Please see brief summary of prescribing information on last page of this advertisement. 
Cardizem Injectable is indicated for temporary control of rapid ventricular rate during 
HVAG800/A6120 atrial fibrillation and flutter; rarely converts to normal sinus rhythm. 0154B2 


24-HOUR 
CONTROL 





Should be used with continuous monitoring of ECG and blood pressure to avoid 
hypotension or bradycardia. Infusion rate/dose should be regulated accordingly. 
CIVAGB00/A6120 A defibrillator and emergency equipment should be readily available. 


For heart rate control during atrial fibrillation and flutter 


MAINTAINS 
HEART RATE CONTROL 
SAFELY 


FAST 





gm 3-minute onset of action following bolus injection 
m 95% response rate within 2 to 7 minutes of administration 
m |- to 3-hour duration of action with initial bolus 


SAFE 


m 4.3% incidence of asymptomatic hypotension * 
m 3.2% incidence of symptomatic hypotension'* 
m 3.9% incidence of injection site reaction 

m |.7% incidence of flushing" 

m Little negative inotropic effect" 


m Do not use in patients with WPW or short PR syndrome 


Other contraindications: sick sinus syndrome or second- or third-degree 
AV block, except with a functioning pacemaker; severe hypotension or shock: 
hypersensitivity; recent IV beta-blockers; ventricular tachycardia. 


CONTINUOUS CONTROL 


m Heart rate control through infusion for up to 24 hours‘ 
Cardizem Injectable is indicated for temporary control of rapid ventricular 
rate during atrial fibrillation and flutter; rarely converts to normal sinus rhythm 

“Occurs most offen during or immediately following bolus injection. 
tCaution should be used in patients with congestive heart failure. 








Please see brief summary of prescribing information on next page. 0154B 


CONVENIENT DOS 





BOLUS: 0.25 mg/kg 
actual body weight 


BOLUS: 0.35 mg/kg 
actual body weight 


INFUSION: 
10* to 15 mg/hr 





over 2 minutes over 2 minutes *5 mg/hr may be appropriate 
starting infusion for some 

20 mg average patient 25 mg average patient patients. 

BRIEF SUMMARY or atrial flutter artes hy an accessory bypass et may 
e experience a potentially life-threatening increase in heart rate 

CARDEN Injectable accompanied by hypotension when treated with CARDIZEM 

(diltiazem hydrochloride) Injectable. As such, the initial use of CARDIZEM Injectable should 

INDICATIONS AND USAGE be, if possible, in a setting where monitoring and resuscitation 


CARDIZEM Injectable (diltiazem hydrochloride) is indicated for the 

following 

1. Atrial Fibrillation or Atrial Flutter. Temporary control of rapid 
ventricular rate in atrial fibrillation or atrial flutter. It should not be 
used in patients with atrial fibrillation or atrial flutter associated 
with an accessory dypass tract such as in Wolff-Parkinson-White 
(WPW) syndrome or short PR syndrome. 

2. Paroxysmal Supraventricular Tachycardia. Rapid conversion of 
shay i supraventricular tachycardias (PSVT) to sinus rhythm 

his includes AV nodal reentrant tachycardias and reciprocating 

tachycardias associated with an extranodal accessory pathway such 
as the WPW syndrome or short PR syndrome. Unless otherwise 
contraindicated. appropriate vagal maneuvers should be attempted 
prior to administration of CARDIZEM Injectable. 

The use of CARDIZEM Injectable for control of ventricular response in 

patients with atrial fibrillation or atrial flutter or conversion to sinus 

rhythm in patients with PSVT should be undertaken with caution 

when the patient is compromised hemodynamically or is taking other 

drugs that decrease any or all of the following: peripheral resistance, 

myocardial filling, myocardial contractility, or electrical impulse 

propagation in the myecardium. 

For either indication and particularly when employing continuous 

intravenous infusion, the setting should include continuous 


monitoring of the ECG and frequent measurement of blood 
pressure. A defibrillator and emergency equipment should be 
readily available. 


In domestic controlled trials in patients with atrial fibrillation or atrial 
flutter, bolus administration of CARDIZEM Injectable was effective in 
reducing heart rate by at least 20% in 95% of patients. CARDIZEM 
Injectable rarely converts atrial fibrillation or atrial flutter to normal 
sinus rhythm. Following administration of one or two intravenous 
bolus doses of CARDIZEM Injectable, response usually occurs within 
3 minutes and maximal heart rate reduction generally occurs in 2 to 7 
minutes, Heart rate reduction may last from 1 to 3 hours. If 
hypotension occurs, it ıs generally short-lived, but may last from 1 to 
3 hours. 
A 24-hour continuous infusion of CARDIZEM Injectable in the 
treatment of atrial fibrillation or atrial flutter maintained at least a 20% 
heart rate reduction curing the infusion in 83% of patients. Upon 
discontinuation of infusion, heart rate reduction may last from 0.5 
hours to more tham 10 hours (median duration 7 hours). 
Hypotension, if it occurs, may be similarly persistent. 
In the controlled clinical trials, 3.2% of patients required some form 
of intervention (typically, use of intravenous fluids or the 
Trendelenburg position) for blood pressure support following 
CARDIZEM Injectable. 
In domestic controlled trials, bolus administration of CARDIZEM 
Injectable was effective in converting PSVT to normal sinus rhythm in 
88% of patients within 3 minutes of the first or second bolus dose. 
Symptoms associated with the arrhythmia were improved in 
conjunction with decreased heart rate or conversion to normal sinus 
rhythm following administration of CARDIZEM Injectable. 
CONTRAINDICATIONS 
CARDIZEM Injectable is contraindicated in: 
1. Patients with sick sinus syndrome except in the presence of a 
functioning ventricu ar pacemaker. 
2. Patients with second- or third-degree AV block except in the 
presence of a functioning ventricular pacemaker. 
3. Patients with severe hypotension or cardiogenic shock. 
4. Patients who have demonstrated hypersensitivity to the drug. 
5. Intravenous diltiazem and intravenous beta-blockers should not be 
administered together or in close proximity (within a few hours) 
Patients with atrial fibrillation or atrial flutter associated with an 
accessory bypass tract such as in WPW syndrome or short PR 
syndrome 
As with other agents which slow AV nodal conduction and do not 
prolong the refractoriness of the accessory pathway (eg, 
verapamil, digoxin), in rare instances patients in atrial fibrillation 


a 


capabilities, including DC cardioversion/defibrillation, are present 
(see OVERDOSAGE). Once familiarity of the patient's response is 
established, use in an office setting may be acceptable. 

7. Patients with ventricular tachycardia. Administration of other 
calcium channel blockers to patients with wide complex 
tachycardia (QRS > 0.12 seconds) has resulted in hemodynamic 
deterioration and ventricular fibrillation. It is important that an 
accurate pretreatment diagnosis distinguish wide complex QRS 
tachycardia of supraventricular origin from that of ventricular 
origin prior to administration of CARDIZEM Injectable. 

WARNINGS 

1. Cardiac Conduction. Diltiazem prolongs AV nodal conduction and 
refractoriness that may rarely result in second- or third-degree AV 
block in sinus rhythm. Concomitant use of diltiazem with agents 
known to affect cardiac conduction may result in additive effects 
(see Drug Interactions). If high-degree AV block occurs in sinus 
rhythm, intravenous diltiazem should be discontinued and 
appropriate supportive measures instituted (see OVERDOSAGE). 

2. Congestive Heart Failure. Although diltiazem has a negative 
inotropic effect in isolated animal tissue preparations, 
hemodynamic studies in humans with normal ventricular function 
and in patients with a compromised myocardium, such as severe 
CHF, acute MI, and hypertrophic cardiomyopathy, have not shown 
a reduction in cardiac index nor consistent negative effects on 
contractility (dp/dt). Administration of oral diltiazem in patients 
with acute myocardial infarction and pulmonary congestion 
documented by x-ray on admission is contraindicated. Experience 
with the use of CARDIZEM Injectable in patients with impaired 
ventricular function is limited. Caution should be exercised when 
using the drug in such patients. 

3. Hypotension. Decreases in blood pressure associated with 
CARDIZEM Injectable therapy may occasionally result in 
symptomatic hypotension (3.2%). The use of intravenous 
diltiazem for control of ventricular response in patients with 
supraventricular arrhythmias should be undertaken with caution 
when the patient is compromised hemodynamically. In addition, 
caution should be used in patients taking other drugs that 
decrease peripheral resistance, intravascular volume, myocardial 
contractility or conduction. 

4. Acute Hepatic Injury. In rare instances, significant elevations in 
enzymes such as alkaline phosphatase, LDH, SGOT, SGPT, and 
other phenomena consistent with acute hepatic injury have been 
noted following oral diltiazem. Therefore, the potential for acute 
hepatic injury exists following administration of intravenous 
diltiazem 

5. Ventricular Premature Beats [vrs VPBs may be present on 
conversion of PSVT to sinus rhythm with CARDIZEM injectable. 
These VPBs are transient, are typically considered to be benign, 
and appear to have no clinical significance. Similar ventricular 
complexes have been noted during cardioversion, other 
pharmacologie therapy, and during spontaneous conversion of 

SVT to sinus rhythm 

PRECAUTIONS 
General. CARDIZEM (diltiazem hydrochloride) is extensively 
metabolized by the liver and excreted by the kidneys and in bile. The 
drug should be used with caution in patients with impaired renal or 
hepatic function (see WARNINGS). High intravenous dosages (4.5 
mg/kg tid) administered to dogs resulted in significant bradycardia 
and alterations in AV conduction. In subacute and chronic dog and rat 
studies designed to produce toxicity, high oral doses of diltiazem 
were associated with hepatic damage. In special subacute hepatic 
studies, oral doses of 125 mg/kg and higher in rats were associated 
with histological changes in the liver, which were reversible when the 
drug was discontinued. In dogs, oral doses of 20 mg/kg were also 
associated with hepatic changes; however, these changes were 
reversible with continued dosing. 

Dermatologic events progressing to erythema multiforme and/or 

exfoliative dermatitis have been infrequently reported following oral 

diltiazem. Therefore, the potential for these dermatologic reactions 


exists following exposure to intravenous diltiazem. Should a 
dermatologic reaction persist, the drug should be discontinued. 

Drug Interactions. Due to potential for additive effects, caution is 
warranted in patients receiving CARDIZEM Injectable concomitantly 
with any agent(s) known to affect cardiac contractility and/or SA or 
AV node conduction (see WARNINGS). 

As with all drugs, care should be exercised when treating patients with 
multiple medications. CARDIZEM (diltiazem hydrochloride) undergoes 
extensive metabolism by the cytochrome P-450 mixed function 
oxidase system. Although specific pharmacokinetic drug-drug 
interaction studies have not been conducted with single intravenous 
injection or censtant rate intravenous infusion, coadministration of 
CARDIZEM Injectable with other agents which primarily undergo the 
same route of biotransformation may result in competitive inhibition 
of metabolism 

Digitalis: Intravenous diltiazem has been administered to patients 
receiving either intravenous or oral digitalis therapy. The combination 
of the two drugs was well tolerated without serious adverse effects. 
However, sinee both drugs affect AV nodal conduction, patients 
shouid be monitored for excessive slowing of the heart rate and/or AV 
block. 

Beta-blockers: Intravenous diltiazem has been administered to 
patients on chronic oral beta-blocker therapy. The combination of the 
two drugs was generally well tolerated without serious adverse 
effects. If intravenous diltiazem is administered to patients receiving 
chronic oral beta-blocker therapy, the possibility for bradycardia, AV 
block, and/or depression of contractility should be considered (see 
CONTRAINDICATIONS). Oral administration of diltiazem with 
propranolol in five normal volunteers resulted in increased 
propranolol levels in all subjects and bioavailability of propranolol was 
increased approximately 50%. In vitro, propranolol appears to be 
displaced from its binding sites by diltiazem. 

Anesthetics: The depression of cardiac contractility, conductivity, and 
automaticity as well as the vascular dilation associated with 
anesthetics may be potentiated by calcium channel blockers. When 
used concomitantly, anesthetics and calcium blockers should be 
titrated carefully. 

Carcinogenesis, Mutagenesis, Impairment of Fertility. A 24-month 
study in rats at oral dosage levels of up to 100 mg/kg/day, and a 21- 
month study in mice at oral dosage levels of up to 30 mg/kg/day 
showed no evidence of carcinogenicity. There was also no mutagenic 
response in vitro or in vivo in mammalian cell assays or in vitro in 
bacteria. No evidence of impaired fertility was observed in a stud 
performed in male and female rats at oral dosages of up to 10! 
mg/kg/day. 

Pregnancy. Category C. Reproduction studies have been conducted in 
mice, rats, and rabbits. Administration of oral doses ranging from five 
to ten times greater (on a mg/kg basis) than the daily recommended 
oral antianginal therapeutic dose has resulted in embryo and fetal 
lethality. These doses, in some studies, have been reported to cause 
skeletal abnormalities. In the perinatal/postnatal studies there was 
some reduction in early individual pup weights and survival rates. 
There was an increased incidence of stillbirths at doses of 20 times 
the human oral antianginal dose or greater. 

There are no well-controlled studies in pregnant women; therefore, 
use CARDIZEM in pregnant women only if the potential benefit 
justifies the potential risk to the fetus. 

Nursing Mothers. Diltiazem is excreted in human milk. One report 
with oral diltiazem suggests that concentrations in breast milk may 
approximate serum levels. If use of CARDIZEM is deemed essential, 
an alternative method of infant feeding should be instituted. 

Pediatric Use. Safety and effectiveness in children have not been 
established. 

ADVERSE REACTIONS 

The following adverse reaction rates are based on the use of 
CARDIZEM Injectable in over 400 domestic clinical trial patients with 
atrial fibrillation/flutter or PSVT under double-blind or open-label 
conditions. Woridwide experience in over 1,300 patients was similar. 
Adverse events reported in controlled and uncontrolled clinical trials 
were generally mild and transient. Hypotension was the most 
commonly reported adverse event during clinical trials. Asymptomatic 
hypotension oceurred in 4.3% of patients. Symptomatic hypotension 
occurred in 3.2% of patients. When treatment for hypotension was 
required, it generally consisted of administration of saline or placing 
the patient in the Trendelendurg position. Other events reported in at 
least 1% of the diltiazem-treated patients were injection site reactions 
(eg, itching, burning) —3.9%, vasodilation AE a and 
arrhythmia (junctional rhythm or isorhythmic dissociation) —1.0%. 

In addition, the following events were reported infrequently 
(less than 1%): 





Cardiovascular: Atrial flutter, AV block first degree, AV block 4 
seconc degree, bradycardia, chest pain, 
et fh heart failure, sinus pause, sinus node 
dysfunction, syncope, ventricular arrhythmia, 
ventricular fibrillation, ventricular tachycardia. 

Dermatologic: Pruritus, sweating. 

Gastrointestinal Constipation, elevated SGOT or alkaline 
phosphatase, nausea, vomiting. 

Nervous System: Dizziness, paresthesia. 

Other: Amblyopia, asthenia, dry mouth, dyspnea, 


edema, headache, hyperuricemia. 
Although not observed in clinical trials with CARDIZEM Injectable, 
other reactions associated with oral diltiazem may occur, 
Product information as of October 1991 





References: 1. Cardizem Injectable prescribing information 
2. Ellenbogen <A, Dias VC, Plumb VJ. Heywood JT, Mirvis DM 
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Predictive Value of Apolipoproteins in a Prospective Survey of 
Coronary Artery Disease in Men 

Gunnar Sigurdsson, Asdis Baldursdottir, Helgi Sigvaldason, Uggi 
Agnarsson, Gudmundur Thorgeirsson, and Nikulas Sigfusson 





The independent prognostic value of apolipoproteins (apo-B, apo-AI and 
apofa]) with regard to coronary artery disease was estimated from a 
prospective survey among 1,332 randomly selected Icelandic men, aged 45 
to 72 years, participating in a health survey from 1979 to 1981. The group 
was followed for 8.6 years, and during that period 104 men had fatal or 
nonfatal myocardial infarction. The Cox’s proportional hazards model 
was used to estimate the significance of independent variables. The results 
of multivariate analysis showed that apo(a) was a significant independent 
risk factor (odds ratio 1.22 for 1 SD), but apo-AI was a stronger negative 
risk factor (odds ratio 0.70 for 1 SD). Apo-B was a highly significant risk 
factor in a univariate analysis, but not in a multivariate analysis when 
serum cholesterol was included. The results illustrate additional impor- 
tance of apo-AI and apo(a) concentrations in predicting coronary artery 
disease, whereas apo-B did not contribute anything further to the predic- 
tion than serum cholesterol. 


st a ee a es a 2 
increased igM-Anticardiolipin Antibodies in Patients with 
Restenosis After Percutaneous Transluminal Coronary 
Angioplasty 

Bernd Eber, Martin Schumacher, Piet Auer-Grumbach, Hermann Toplak, 
and Werner Klein 


IgM- and IgG-anticardiolipin antibodies (acL) were determined in 65 
men with coronary artery disease treated by percutaneous transluminal 
coronary angioplasty (PTCA). Follow-up angiography was performed 12. 
months after PTCA. The series was divided in 2 groups: 34 with (250% 
reduction in vessel diameter) and 31 without restenosis. Medical history 
and laboratory findings were comparable in both groups. In patients with 
restenosis, IgM-acL, but not IgG-acL, were significantly increased com- 
pared with those in patients without restenosis. No correlation could be 
found between known risk factors and acL levels. Thus, IgM-acL appear 
to be independent markers indicating a risk for restenosis after PTCA. 


Continued on page A17 
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hey were raised in 
a simpler time, 
before sugar-free 
_and fat-free. 

Yow hypertension, 
often with elevated 
cholesterol and 
__ blood sugar, enters 
: the picture... 





















1 NOW THEY'RE a 
bo CONCERNED... - 





Today’s hypertensives with new concerns... 


THE CARDURA 





Beis ear | 
"Adapted from the interim (12 months) results of the Treatment of Mild Hypertension Study, a randomized, double-blind, placebo-controlled trial of a nutritional-hygienic regimen along with various drut 
therapies. All drugs (except acebutolol} were given initially in low doses, If the patient showed a diastolic blood pressure more than 95 mm 
doubled. If blood pressure remained elevated, a second drug (chlorthalidone, except for chlorthalidone group, which was given enalapril) 


Hg on three successive follow-up visits, the dosage was 
various drug groups with median dosages, as follows: doxazosin (2 mg/day), 12.0 mm Hg; enalapril (5 mg/day), 12.2 mm Hg; chlorthalidone (15 mg/day), 
13.7 mm Hg (n=847; P<0.01 vs placebo) 


was added. Mean diastolic blood pressure was lowered in tl 


, 13.1 mm Hg; and acebutolol (400 mg/day), 
'n=128; P<0.01 vs placebo. In a pooled analysis of placebo-controlled studies with about 300 predominantly normocholesterolemic patients per treatmen 
in total cholesterol (-2.7%) and LDL chalesterol (-4.3%) and a small increase in the HDL/total cholesterol ratio (+4 3%) 


t group, CARDURA produced a small decreas 
‘Adapted from Lehtonen et al’ (n=77; after 26 weeks: P<0.001 compared with week 0 for blood pressure and insulin, P<0.05 compared with week 0 for glucose) 





GENERATION 


hooee CARDURA: first-line therapy for 


a new generation of hypertensives. 






Choose CARDURA for blood pressure control that 
doesn’t jeopardize blood lipids. 
In the Treatment of Mild Hypertension Study, CARDURA 


lowered diastolic blood pressure (mean 12.0 mm Hg) as effectively 
as enalapril, chlorthalidone, and acebutolol” 


CARDURA lowered blood pressure with a small increase in the 
HDL/total cholesterol ratio (+2.4%) in the same study. 't The clinical 
significance of these changes is uncertain. Cholesterol is just one 
parameter to consider ne selecting the best individualized therapy 
for a given patient 


Choose CARDURA for blood pressure control that 
doesn’t compromise blood sugar. 
CARDURA controlled diastolic blood pressure without an adverse 


. . 9 
effect on glucose tolerance or insulin control”* 


CARDURA is well tolerated. In placebo-controlled studies, only three 
common side effects were reported significantly more often than 
placebo: dizziness, somnolence, and fatigue.’ 


Only 2% of patients discontinued therapy due to adverse effects— 
the same as with placebo 


5 These were generally mild and transient. Syncope has been reported, but rarely (<1%) 
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ise d Tablets 
(doxazosin mesylate] $88. sre 
HYPERTENSION CONTROL FOR A NEW GENERATION. 


Please see brief summary on last page. ©1992, Pfizer Inc 


(doxazosin mesylate] esra emg 





CARDURA® (doxazosin mesylate) Tablets doxazosin/kg/day for 18 months. No cardiotoxici 
k icity was observed at lower 
Brief Summary of Prescribing Information doses (up to 10 or 20 mg/kg/day, depending on the study) in either species. on a jte. EA 
INDICATIONS AND USAGE These lesions were not observed after 12 months of oral dosing i SS ee 
n Sx ve g in degs and 2 Thi 
CARDURA (doxazosin mesylate) is indicated for the treatment of Wistar rats at maximum doses of 20 mg/kg/day and 100 mg/kg/day, MUSCIROSKERETAK, - MihrälgialArthritis e 0% 
hypertension. CARDURA may be used alone or in combination with respectively. There is no evidence that similar lesions occur in humans. Muscle Weakness 1% 0% 
diuretics or beta-adrenergic blocking agents. There is limited experience Carcinogenesis, Mutagenesis and impairment of Fertility: y Myalgie 1% 0% 
with CARDURA in combination with angiotensin converting enzyme Chronic dietary administration (up to 24 months) of doxazosin mesylate at CENTRAL & 
inhibitors or calcium channel blockers. maximally tolerated concentrations (highest dose 40 mg/kg: about 150 PERIPHERAL N.S.: Headache 14% 16% 
CONTRAINDICATIONS 4 ] 4 times the maximum recommended human dose of 16 mg/60 kg) revealed Paresthesia 1% 1% 
CARDURA is contraindicated in patients with a known sensitivity to no evidence of carcinogenicity in rats, There was also no evidence ot Kinetic Disorders 1% 0% 
Qquinazolines (e.g. prazosin, terazosin). carcinogenicity in a similarly conducted study (up to 18 months of dietary Ataxia 1% 0% 
WARNINGS Z administration) in mice. The mouse study, however, was compromised by Hypertonia 1% 0% 
Syncope and “First-dose” Effect: the failure to use a maximally tolerated dose of doxazosin. Muscle Cramps 1% 0% 
Doxazosin, like other alpha-adrenergic blocking agents, can cause Mutagenicity studies revealed no drug- or metabolite-related effects at 9, 
marked hypotension, especially in the upright position, with syncope and either chromosomal or subchromosomal levels. ‘AUTONOMIC: Meuth Dry 2% 2% 
other postural symptoms such as dizziness. Marked orthostatic effects Studies in rats showed reduced fertility in males treated with doxazosin at Flushing Ls 0% 
are most common with the first dose but can also occur when there is a oral doses of 20 (but not 5 or 10) mg/kg/day, about 75 times the maximum SPECIAL SENSES. Vision Abnormal 2% 1% 
dosage increase, or if therapy is interrupted for more than a few days. To recommended human dose. This effect was reversible within two weeks.of Conjunctivitis/Eye Pain 1% 1% 
decrease the likelihood of excessive hypotension and syncope, it is drug withdrawal. Tinnitus 1% 0.3% 
essential that treatment be initiated with the 1 mg dose. The 2, 4, and Pregnancy x > 
8 mg tablets are not for initial therapy. Dosage should then be adjusted Teratogenic Effects, Pregnancy Category B. Studies in rabbits and rats at PSYCHIATRIC: Soranaianos sh 1a 
slowly (see DOSAGE AND ADMINISTRATION section) with increases in daily oral doses of up to 40 and 20 mg/kg, respectively (150 and 75 times Nervousness 2% 2% 
dose every two weeks. Additional antihypertensive agents should be the maximum recommended daily dose of 16 mg, assuming a patient Denese ae the 
added with caution. weight of 60 kg), have revealed no evidence of harm to the fetus. The rabbit Meera i 1i 1% 
Patients being titrated with doxazosin should be cautioned to avoid study, however, was compromised by the failure to use a maximally Sexual Dysfunction 2% ue 
situations where injury could result should syncope occur. tolerated dose of doxazosin. There are no adequate and well-controlled GASTROINTESTINAL: Nausea 3% 4% 
In an early investigational study of the safety and tolerance of increasing studies in pregnant women. Because animal reproduction studies are not Diarrhea 2% 3% 
daily doses of doxazosin in normotensives beginning at 1 mg/day, only 2 of always predictive of human respense, CARDURA should be used during Constipation 1% 1% 
6 subjects could tolerate more than 2 mg/day without experiencing pregnancy only if clearly needed. Dyspepsia 1% 1% 
symptomatic postural hypotension, In another study of 24 healthy Radioactivity was found to cross the placenta following oral Flatulence 1% 1% 
normotensive male subjects receiving initial doses of 2 mg/day of administration of labelled doxazosin to pregnant rats. Abdominal Pain 0% 2% 
doxazosin, seven (29%) of the subjects experienced symptomatic postural Nonteratogenic Effects. In peri-postnatal studies in rats, postnatal Vomiting 0% 1% 
hypotension between 0.5 and 6 hours after the first dose necessitating development at maternal doses of 40 or 50 mg/kg/day of doxazosin was RESPIRATORY: Rhiniti 39 % 
termination of the study. In this study 2 of the normotensive subjects delayed as evidenced by slower body weight gain and a slightly later j D ahd a sn 
experienced syncope. Subsequent trials in hypertensive patients always appearance of anatomical features and reflexes Eos i iie 
began doxazosin dosing at 1 mg/day resulting in a 4% incidence of postural pomos À os 
side effects at 1 mg/day with no cases of syncope. URINARY: Polyuria 2% 0% 
In multiple dose clinical trials involving over 1500 patients with dose Urinary Incontinence 1% 0% 
titration every one to two weeks, syncope was reported in 0.7% of patients. Micturation Frequency 0% 2% 
None of these events occurred at the starting dose of 1 mg and 1.2% s 
(8/664) occurred at 16 mg/day. EEEN Énis na aN ay 
If syncope occurs, the patient should be placed in a recumbent position Asthania 1% 1% 
and treated supportively as necessary. Face Edema 1% 0% 
lo lo 
PRECAUTIONS Pain 2% 2% 
General ~ 


1. Orthostatic Hypotension: 

While syncope is the most severe orthostatic effect of CARDURA, other 
symptoms of lowered blood pressure, such as dizziness, lightheadedness, or 
vertigo, can occur, especially at initiation of therapy or at the time of dose 
increases. These were common in clinical trials, occurring in up to 23% of all 
patients treated and causing discontinuation of therapy in about 2%. 

In placebo controlled titration trials orthostatic effects were minimized by 
beginning therapy at 1 mg per day and titrating every two weeks to 2, 4, or 
8 mg per day. There was an increased frequency of orthostatic effects in 
patients given 8 mg or more, 10%, compared to 5% at 1-4 mg and 3% in 
the placebo group. 

Patients in occupations in which orthostatic hypotension could be 
dangerous should be treated with particular caution. 

If hypotension occurs, the patient should be placed in the supine position 
and, if this measure is inadequate, volume expansion with intravenous fluids 
or vasopressor therapy may be used. A transient hypotensive response is not 
a contraindication to further doses of CARDURA. 

2. Impaired liver function: 

CARDURA should be administered with caution to patients with evidence of 
impaired hepatic function or to patients receiving drugs known to influence 
hepatic metabolism (see CLINICAL PHARMACOLOGY). There is no controlled 
clinical experience with CARDURA in patients with these conditions. 

3. Leukopenia/Neutropenia: 

Analysis of hematologic data from patients receiving CARDURA in 
controlled clinical trials showed that the mean WBC (N=474) and mean 
neutrophil counts (N=419) were decreased by 2.4% and 1.0% respectively, 
compared to placebo, a phenomenon seen with other alpha blocking drugs. 
A search through a data base of 2400 patients revealed 4 in which drug- 
related neutropenia could not be ruled out. Two had a single low value on 
the last day of treatment. Two had stable, non-progressive neutrophil 
counts in the 1000/mm® range over periods of 20 and 40 weeks. In cases 
where follow-up was available the WBCs and neutrophil counts returned to 
normal after discontinuation of CARDURA. No patients became 
symptomatic as a result of the low WBC or neutrophil counts. 

Information for Patients: 

Patients should be made aware of the possibility of syncopal and orthostatic 
symptoms, especially at the initiation of therapy, and urged to avoid driving or 
hazardous tasks for 24 hours after the first dose, after a dosage increase, and 
after interruption of therapy when treatment is resumed. They should be 
cautioned to avoid situations where injury could result should syncope occur 
during initiation of doxazosin therapy. They should also be advised of the 
need to sit or lie down when symptoms of lowered blood pressure occur, 
although these symptoms are not always orthostatic, and to be careful when 
rising from a sitting or lying position. If dizziness, lightheadedness, or 
palpitations are bothersome they should be reported to the physician, so that 
dose adjustment can be considered. Patients should also be told that 
drowsiness or somnolence can occur with doxazosin, requiring caution in 
people who must drive or operate heavy machinery. 

Drug Interactions: 

Most (98%) of plasma doxazosin is protein bound. /n vitro data in human 
plasma indicate that CARDURA has no effect an protein binding of digoxin, 
warfarin, phenytoin or indomethacin. There is no information on the effect 
of other highly plasma protein bound drugs on doxazosin binding. 
CARDURA has been administered without any evidence of an adverse drug 
interaction to patients receiving thiazide diuretics, beta blocking agents, and 
nonsteroidal anti-inflammatory drugs. 

Drug/Laboratory test interactions: 

None known. 

Cardiac Toxicity in Animals: 

An increased incidence of myocardial necrosis or fibrosis was displayed by 
Sprague-Dawley rats after 6 months of dietary administration at 
concentrations calculated to provide 80 mg doxazosin/kg/day and after 

12 months of dietary administration at concentrations calculated to provide 
40 mg doxazosin/kg/day (150 times the maximum recommended human 
dose assuming a patient weight of 60 kg). Myocardial fibrosis was observed 
in both rats and mice treated in the same manner with 40 mg 





Nursing Mothers 
Studies in lactating rats given a single oral dose of 1 mg/kg of [2-'*C]- 
doxazosin indicate that doxazosin accumulates in rat breast milk with a 
maximum concentration about 20 times greater than the maternal plasma 
concentration. It is not known whether this drug is excreted in human milk. 
Because many drugs are excreted in human milk, caution should be 
exercised when CARDURA is administered to a nursing mother. 
Pediatric Use 
Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS 
CARDURA has been administered to approximately 4000 patients, of whom 
1679 were included in the clinical development program. In that program, 
minor adverse effects were frequent, but led to discontinuation of treatment 
in only 7% of patients. In placebo-centrolled studies adverse effects 
occurred in 49% and 40% of patients in the doxazosin and placebo groups, 
respectively, and led to discontinuation in 2% of patients in each group. The 
major reasons for discontinuation were postural effects (2%), edema, 
malaise/fatigue, and some heart rate disturbance, each about 0.7%. 
in controlled clinical trials directly comparing CARDURA to placebo there 
was no significant difference in the incidence of side effects, except for 
dizziness (including postural), weight gain, somnolence and 
fatigue / malaise. Postural effects and edema appeared to be dose related. 
The prevalence rates presented below are based on combined data from 
placebo-controlled studies involving once daily administration of doxazosin 
at doses ranging from 1-16 mg. Table 1 summarizes those adverse 
experiences (possibly/probably related) reported for patients in these 
studies where the prevalence rate in the doxazosin group was at least 0.5% 
or where the reaction is of particular interest. 








TABLE 1 
ADVERSE REACTIONS DURING PLACEBO CONTROLLED STUDIES 

DOXAZOSIN PLACEBO 

(N=339) (N=336) 

CARDIOVASCULAR: Dizziness 19% 9% 
Vertigo 2% 1% 

Postural Hypotension 0.3% 0% 

Edema 4% 3% 

Palpitation 2% 3% 

Arrhythmia 1% 0% 

Hypotension 1% 0% 

Tachycardia 0.3% 1% 

Peripheral Ischemia 0.3% 0% 

SKIN APPENDAGES: Rash 1% 1% 
Pruritus 1% 1% 


References: 1. The Treatment of Mild Hypertension Research Group. The 
Treatment of Mild Hypertension Study: a randomized, placebo-controlled trial 
of a nutritional-hygienic regimen along with various drug monotherapies. 
Arch Intern Med. 1991;151:1413-1423. 2. Lehtonen A, the Finnish Multicenter 
Study Group. Lowered levels of serum insulin, glucose, and cholesterol in 
hypertensive patients during treatment with doxazosin. Curr Ther Res. 
1990;47:278-284. 
























































Additional adverse reactions have been reported, but these are, in general, 
not distinguishable from symptoms that might have occurred in the 
absence of exposure to doxazosin. The following adverse reactions 
occurred with a frequency of between 0.5% and 1%: syncope, 
hypoesthesia, increased sweating, agitation, increased weight. The 
following additional adverse reactions were reported by <0.5% of 3960 
patients who received dexazosin in controlled or open, short- or long-term 
clinical studies, including international studies. Cardiovascular System: 
angina pectoris, myocardial infarction, cerebrovascular accident; Autonomic 
Nervous System: pallor; Metabolic: thirst, gout, hypokalemia; Hematopoietic: 
lymphadenopathy, purpura; Reproductive System: breast pain; Skin 
Disorders; alopecia, dry skin, eczema; Central Nervous System: paresis, 
tremor, twitching, confusion, migraine, impaired concentration; Psychiatric: 
paroniria, amnesia, emotional lability, abnormal thinking, depersonalization; 
Special Senses: parosmia, earache, taste perversion, photophobia, abnormal 
lacrimation; Gastrointestinal System: \ncreased appetite, anorexia, fecal 
incontinence, gastroenteritis; Respiratory System: bronchospasm, sinusitis, 
coughing, pharyngitis; Urinary System: renal calculus; General Body System: hot 
flushes, back pain, infection, fever/rigors, decreased weight, influenza-like 
symptoms. 

CARDURA has not beer associated with any clinically significant changes 
in routine biochemical tests. No clinically relevant adverse effects were 
noted on serum potassium, serum glucose, uric acid, blood urea nitrogen, 
creatinine or liver function tests. CARDURA has been associated with 
decreases in white blood cell counts (See Precautions). 

OVERDOSAGE 

The oral LD5ọ of doxazosin is greater than 1000 mg/kg in mice and rats. 
The most likely manifestation of overdosage would be hypotension, for 
which the usual treatment would be intravenous infusion of fluid. As 
doxazosin is highly proteia bound, dialysis would not be indicated. 
DOSAGE AND ADMINISTRATION 

DOSAGE MUST BE INDIVIDUALIZED. The initial dosage of CARDURA in 
hypertensive patients is 1 mg given once daily. This starting dose is 
intended to minimize the frequency of postural hypotension and first dose 
syncope associated with CARDURA. Postural effects are most likely to 
occur between 2 and 6 hours after a dose. Therefore blood pressure 
measurements should be taken during this time period after the first dose 
and with each increase in dose. Depending on the individual patient's 
standing blood pressure response (based on measurements taken at 

2-6 hours postdose and 24 hours postdose), dosage may then be increased 
to 2 mg and thereafter if necessary to 4 mg, 8 mg and 16 mg to achieve the 
desired reduction in blood pressure. Increases in dose beyond 4 mg 
increase the likelihood of excessive postural effects including syncope, 
postural dizziness/vertigo. postural hypotension. At a titrated dose of 

16 mg once daily the frequency of postural effects is about 12% 
compared to 3% for placebo. 

HOW SUPPLIED 

CARDURA (doxazosin mesylate) is available as colored tablets for oral 
administration. Each tablet contains doxazosin mesylate equivalent to 1 mg 
(white), 2 mg (yellow), 4 mg (orange) or 8 mg (green) of the active 
Constituent, doxazosin. 

CARDURA® TABLETS are available as 1 mg (white), 2 mg (yellow), 4 mg 
(orange) and 8 mg (green) scored tablets. 

Bottles of 100: 1 mg (NDC 0049-2750-66), 2 mg (NDC 0049-2760-66), 
4 mg (NDC 0049-2770-66). 8 mg (NDC 0049-2780-66) 

Recommended Storage: Store below 86°F(30°C). 

CAUTION: Federal law prahibits dispensing without prescription. 
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Safety and Clinical Use of Exercise Testing One to Three Days 
After Percutaneous Transluminal Coronary Angioplasty 

Gary J. Balady, Mark L. Leitschuh, Alice K. Jacobs, Denise Merrell, 
Donald A. Weiner, and Thomas J. Ryan 


To evaluate both the safety and clinical use of predischarge symptom- 
limited exercise testing after successful uncomplicated percutaneous 
transluminal coronary angioplasty (PTCA), 100 patients were random- 
ized to undergo exercise testing (n = 50) or no exercise testing (n = 50). 
Patients who exercise achieved 71 + 12% of predicted maximal heart rate, 
with 38% reaching > stage III of the Bruce protocol without complica- 
tions. Of 11 patients with a positive test response, 92% had angiographi- 
cally incomplete revascularization. Questionnaires administered to at- 
tending physicians both before and after testing demonstrated that pa- 
tients in the exercise group (with a negative test) were allowed to perform 
various. activities earlier after PTCA compared with those in the no- 
exercise group. Thus, symptom-limited exercise testing after PTCA ap- 
pears to be safe, and may be useful in patient management at the time of 
hospital discharge. 
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Transthoracic High-Frequency Two-Dimensional 
Echocardiography, Doppler and Color Flow Mapping to 
Determine Anatomy and Blood Flow Patterns in the Distal Left 
Anterior ‘Coronary Artery 

Antoinette Kenny and Leonard M. Shapiro 





The distal left anterior descending coronary artery was successfully im- 
aged, and characteristic biphasic flow was detected using transthoracic 
high-frequency ultrasound and Doppler in 19 of 56 consecutive patients 
(34%) studied. The distal left anterior descending coronary artery ap- 
peared normal by ultrasound in 18 patients, and a significant stenosis was 
detected in 1; angiography confirmed the ultrasound findings. Color flow 
mapping demonstrated normal laminar flow, except in the patient with a 
distal stenosis. Pulsed Doppler confirmed an increased diastolic velocity 
distal to the stenosis. This is the first transthoracic evaluation of the 
hemodynamic effects of a coronary stenosis, and the first in vivo descrip- 
tion of blood flow disturbance at a distal coronary stenosis in humans. 
Although the clinical use of this technique is limited, it may have impor- 
tant implications in the noninvasive assessment of coronary artery dimen- 
sions and relative changes in blood flow. 


1269 a eel ee 
Accuracy of Dobutamine Stress Echocardiography in Detecting 
Coronary Artery Disease 

Pamela A. Marcovitz and William F. Armstrong 


Dobutamine stress echocardiography (DSE) was performed in 141 pa- 

tients undergoing coronary arteriography. For all patients, DSE had a 

sensitivity of 96%, specificity of 66% and overall accuracy of 89%. For 

patients with normal resting wall motion, DSE had a sensitivity of 87%, . 

specificity of 91% and accuracy of 89%. Sensitivity and specificity were 

similar in anterior and posterior coronary territories, and in patients re- 
‘Continued on page A20 
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ceiving antianginal therapy. Dobutamine was well-tolerated by most pa- 
tients, and no serious complications were observed. DSE is a clinically 
feasible and accurate means for detecting coronary artery disease. 


ES ina he Ea at 8 Sh ee a SNS a 
Comparison of the Clinical Profile and Outcome of Women and 
Men in Cardiac Rehabilitation 

Lauralyn B. Cannistra, Gary J. Balady, Carol J. O'Malley, Donald A. 
Weiner, and Thomas J. Ryan 


A comparison was made between the clinical profile and outcome of 51 
women and 174 men consecutively enrolled in an urban, multidisciplinary, 
exercise-based cardiac rehabilitation program. Compared with men, more 
women were nonwhite, unemployed, unmarried, hypertensive or diabetic, 
and had higher cholesterol (p <0.01). Compliance rates were similar for 
women (51%) and men (63%) (p = not significant). Univariate predictors 
of program noncompliance differed between women and men. After train- 
ing, women increased their exercise time by 31% and peak METs by 30% 
(p <0.001). Men demonstrated a similar training effect, with a 21% 
increase in exercise time and a 16% increase in peak METs (p <0.001). 
Thus, in this cardiac rehabilitation program, women have a less favorable 
risk factor profile and differ from men with regard to baseline demograph- 
ics and predictors of program completion. Women, however, have similar 
rates of compliance and can achieve the same improvement in functional 
capacity with training. 


1280 
Usefulness of Dipyridamole-Thallium Scanning for 
Preoperative Evaluation of Cardiac Risk for Nonvascular 
Surgery 

Christopher M. Coley, Terry S. Field, Stephen A. Abraham, Charles A. 
Boucher, and Kim A. Eagle 





One hundred consecutive patients with known or suspected coronary ar- 
tery disease who underwent nonvascular surgery were studied to deter- 
mine the usefulness of clinical markers and planar dipyridamole-thallium 
scanning (DTS) in stratifying perioperative cardiac risk. Nine patients 
(9%) had 21 serious cardiac event. Multivariate analysis revealed that 
age >70 years, history of heart failure, and thallium redistribution with 
DTS were independent predictors of risk. There were no cardiac events 
in the 45 patients without the 2 clinical variables. For patients with 1 or 
both clinical markers, thallium redistribution correlates with substantial 
change in perioperative cardiac risk. It is concluded that preoperative DTS 
is most useful in assessing risk in selected nonvascular surgery patients at 
intermediate or high risk by clinical descriptors. For almost half the 
patients with known or suspected coronary artery disease, DTS may be 
unnecessary. 
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References: 1. Carr AA, Bottini PB, Prisant LM, et al. Once-daily verapamil in the treatment of mild-to-mod- 
erate hypertension: a double-blind placebo-controllad dose-ranging study. J Clin Pharmacol. 1991 37:144- 
150. 2. Data on file tor VERELAN 240 mg, Lederle Laboratories, Peart River, NY. 





Briet Summary 


VERELAN® 
Verapamil HCI 
Sustained-Release Peliat-Filled Capsules 


For campieta Prescribing information, consult package insert 


CLINICAL PHARMACOLOGY 

Food does not affect the extent or rate of the absorption of verapamil from the Controlled release 
VERELAN capsule, 

Atrioventricular block can occur in patients without oreexisting condition defects (see WARNINGS). 

Acceleration of ventricular rate and/or ventricular fibrillation has been reported in patients with atrial flutter 
or atrial fibrillation and a coexisting accessory AV pathway following administration of verapamil (see 
WARNINGS). 

In patients with hepatic insufticiency, metabolism is delayed and elimination half-life prolonged up to 14 to 
16 hours (see PRECAUTIONS), the volume of distribution is increased, and plasma clearance reduced to 
about 30% of normal. 


CONTRAINDICATIONS 

Severe LV dysfunction (see WARNINGS), hypotension (systolic pressure <90 mmHg) or cardiogenic 
shock, sick sinus syndrome (if no pacemaker is present), second- or third-degree AV block (if no pacemaker 
is present), atrial Hutterfibrilation with an accessory bypass tract reg. WPW or LGL syndromes), (see 
WARNINGS), hypersensitivity to verapamil 


WARNINGS 

Verapamil should be avoided in patients with severe LV dystunction (9g, ajection fraction < 30%) or moder. 
ate-to-severe symptoms of cardiac failure and in patients with any degree ot ventricular dysfunction if thay 
are receiving a beta blocker. Control milder heart failure with optimum digitalization and/or diuretics before 
VERELAN is used. Verapamil may occasionally produce hypotension. Elevations of liver enzymes have 
been reported. 

Several cases of hepatocellular injury have been demonstrated to be produced by verapamil. Penodic 
monitoring of liver functionin patients on verapamil is prudert. Some patients with paroxysmal and/or chronic 
atrial tlutter/ibrillation and an accessory AV pathway (eg, WPW or LGL syndromes) have deve:oped an 
increased antegrade conduction across the accessory pathway bypassing the AV noce, producing a very 
rapid ventricular response or ventricular fibrillation aftar receiving IV verapamil (or digitalis). Because of this 
tisk, oral verapamil is contraindicated in such patients. AV block may occur (second: or third-degres, 0.8%) 
Development of marked first-degree block or progression to second- or third-degree biock requires reduc- 
tion in dosage or, rarely, discontinuation and institution of appropriate therapy. Sinus bradycardia, second- 
degree AV block, sinus arrest, pulmonary edema andvor severe hypotension were seen in some critically il} 
patients with hypertrophic cardiomyopathy who were treated with verapamil 


PRECAUTIONS 

Verapamil should be given cautiously to patients with impaired hepatic function (in severe dysfunction use 
about 30% of the normal cose} or impaired renal function, and patients should be moritored for abnormal 
prolongaticn of the PR interval or other signs of overdosage. Verapamil may decrease neuromuscular trans- 
mission in patients with Duohenne’s muscular dystrophy and may prolong recovery from the neuromuscular 
blocking agent vecuronium. It may be necessary to decrease verapamil dosage in patients with attenuated 
neuromuscular transmission. Combined therapy with beta-adrenergic blockers and verapamil may result in 
additive negative effects cn heart rate, atrioventricular conduction and/or cardiac contractility: there have 
been repor’s of excessive bradycardia and AV block, including complete heart block. The risks of such com- 
bined therapy may outweigh the benefits. The combination should be used only with caution and close moni- 
toring. Decreased metoprolol clearance may occur with combined use. Chronic verapamil treatment can 
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VEREL AN® verapamil HCI 


inceease serum digoxin levels by 50% to 75% during the first weex of therapy, which can result in digitalis 
toxicity. In patients with hepatic cirrhosis, verapamil may reduce total body clearance and extrarenal clear- 
ance of digitoxin, The digoxin dose should be reduced when vereparni! is given and the patient carefully 
monitored. Verapamil will usually have an additive attact in patients receiving blood pressure-lowering 
agents. Disopyramide should not be given within 48 hours before or24 hours after verapamil administration. 
Concomitant use of flecainide and verapamil may have additive effects on myocardial contractility, AV con- 
duction, and repolarization, Combinad verapami! and quinidine therapy in patients with hypertrophic car- 
diomyopathy should be avoided, since significant hypotension nay result, Verapamil has been given 
concom-tantly with short- and long-acting nitrates without any undesirable drug interactions, interaction be- 
tween cimetidine and chronically administered verapamil has not been studied. In healthy volunteers, clear- 
ance of verapamil was reduced or unchanged. Concomitant use of lithium and verapamil may result in a 
lowering of serum lithium levels or increased sensitivity to lithium. Patients receiving both arugs must be 
monitored carefully. 

Verapamil may increase carbamazapine concentrations during combinad use. Rifarnpin may reduce vera- 
parei! bioavailaniity. Phenobarbital may increase verapamil clearance. Verapamil may increase serum lev- 
als of cyclosporine, Concomitant use of inhalation anesthetics end calcium antagonists needs Careful 
titration to avoid excessive cardiovascular depression. Verapamil may potentiate the activity of neuromuscu- 
lar blocking agents (curare-like and depolarizing); dosage reductior may be required, Adequate animal car- 
cinageninity studies have not been performed. One study in rats did not suggest a tumorigenic potential. and 
verapamil was not mutagenic in the Ames test. Pregnancy Category C There ara no adequate anc welt- 
controlled studias in pregnant women. This drug should be used durng pregnancy. labor, and delivery only if 
clearly ngeded Verapamil is excretec in breast milk; therefore, nursing should be discontinued during vera- 
pamil uss. Safety and efficacy of veraparnil in children below the age of 18 years have not been established. 


ADVERSE REACTIONS 

Reversible (upon discontinuation cf verapamil) nonobstructive, paralytic Heus nas been infrequently re- 
ported in association with the use of verapamil. 

In.clinical trias with 285 hypertensive patients on VERELAN for more than 1 week, the following adverse 
reactions were ‘eported: constipation {74%}; headache (5.3%): dizziness (4.2%): lethargy (3.2%); dyspep- 
sia (2.5%): rast: (1.4%); ankle ademe (1.4%), sleep disturbance (1.4%); myalgia (1.1%), In cknical trials of 
other formulations of verapamil HC! (N » 4.954). the following reactions have occurred at rates greater than 
1.0%: constipation (7.3%): dizziness (3.2%). nausea (2.7%), hypotension (2.5%), edema (1.9%); headache 
(2.2%); rash (1.2%); CHF pulmonary edema (1.8%): fatigue (1.7% bradycardia (HR< 50/min) (1.4%); AV 
blocx-total 1 . 3° (1.2%): 2° and 9° 10.8%): flushing (0.6%): slevared livar enzymes (gee WARNINGS). 

The following reactions, reported ir 1.0% o less of patients, occurred under conditions (open trials, mar- 
keting experience) where a causal relationship is uncertain. Cardiovascular: angina pectoris, atrioventricu- 
lar dissociation chest pain, claudication, myccardial infarction, palpitations, purpura (vasculitis), syncope. 
Digestive System: diarrhea, at fated astrointestinal distress, gingival hyperplasia, Hemic and Lym- 
phatic: ecchymosis or bruising. Nervous System: cerebrovascular accident. confusion, equilibrium disor- 
ders. insomnia. muscle cramps, paresthesia, psychotic symptoms, shakiness. somnolence. Respiratory: 
dyspnea. Skin: arthralgia and rash, sxantherna, hair toss, hyperkaratosis, maculae, sweating, urticaria, 
Stevens-Johnson syndrome, erythema multiforme. Special Senses: biurred vision. Urogenital: gyneco- 
masia. impotence, increased urination. spotty menstruation 
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SAMPLE AND LITERATURE AVAILABLE UPON See | 


INDICATIONS: | 
HYPOMAGNESEMIA, MAGNESIUM DEFICIENCIES | 
and/or MAGNESIUM DEPLETION resulting from . 


diuretic_and/or digitalis therapy’, alcoholism, | 
Cisplatin’, Amphotericin B‘, Cyclosporin’, perenteral | 
nutrition®, mannitol’, Aminoglycosides®, and diets low: dt 
in Magnesium. | 


Note: May aid in preventing Calcium Oxaluria 


SYMPTOMS: Refractory Hypokalemia, Tremors, and 
cramping of extremities and tongue, grimaces, Pin 
clonic jerks, Chvostek’s sign, ataxia, irritability, disori- 
entation, convulsion, psychotic behavior. 


CAUTION: Magnesium should be used with caution in 
renal insufficiency. If aperient, reduce dosage. 


Blaine Co., Ine. 
1465 Jamike Lane 
Erlanger, Ky. 41018 
Phone: (606) 283-9437 
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Se a A 
Quantitative Angiographic and Statistical Methods to Assess 
Serial Changes in Coronary Luminal Diameter and Implications 
for Atherosclerosis Regression Trials 

C. Michael Gibson, Tamas Sandor, Peter H. Stone, Richard C. Pasternak, 
Bernard Rosner, and Frank M. Sacks 


The frame-to-frame variability in coronary diameter was evaluated, and it 
was determined that averaging 5 cineframes allows the detection of a 0.27 
mm change in minimum diameter, and a 7.8% change in percent stenosis 
in individual arteries so that they can be classified as progressing or 
regressing. A novel statistical method that takes into account the correla- 
tion in the rate of lesion progression among multiple lesions within individ- 
ual patients was applied. The correlation for the change in percent stenosis 
among multiple lesions in the same patient was low (r = 0.01), indicating 
that disease progression in different lesions within the same patient occurs 
at independent rates. With use of this statistical method and a lesion-based 
analysis, only 50 patients per treatment group would be needed to detect a 
5.5% difference between treatment group means in the change in mini- 
mum diameter, and a 2.7% percentage point difference in the change in 
percent stenosis in an atherosclerosis regression study. 


gS ETA ON ara Ee ae ce MS als EM east oem ha |. ey, BOS 
Characterization of Acute Myocardial Infarction by Magnetic 
Resonance Imaging 

Donald L. Johnston, Richard E. Wendt Ill, Sharon L. Mulvagh, and 
Howard Rubin 


To further characterize signal-intensity changes associated with acute 
myocardial infarction, 17 patients had magnetic resonance imaging 6 days 
after presentation, using a spin-echo pulse sequence capable of suppress- 
ing motion artifact. The results indicate that infarction is often a heteroge- 
nous mixture of transmural and nontransmural injury with regions of 
hypointensity suggestive of intramural hemorrhage. The presence of wall 
thickening in many of these segments suggests that viable myocardium 
can be identified using this technique. 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


1296 

Reproducibility of Electrophysiologic Testing During 
Antiarrhythmic Therapy for Ventricular Arrhythmias 
Secondary to Coronary Artery Disease 

Kevin J. Ferrick, Joshua Luce, Sara Miller, Anthony D. Mercando, Soo G. 
Kim, James A. Roth, and John D. Fisher 


Sixty-four patients with sustained ventricular arrhythmias inducible dur- 
ing electrophysiologic testing underwent repeat electrophysiologic study 
during antiarrhythmic drug therapy that was determined to be effective as 
assessed by an initial drug study. Antiarrhythmic drug efficacy was con- 
firmed in 77% of patients. Sustained ventricular tachycardia was induced 
at repeat electrophysiologic study in 19% of patients during antiarrhyth- 


Continued on page A31 
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Even in mild to moderate heart failure, when diuretics and digitalis are not enough 





ADDING CAPOTEN DOES MORE FOR PATIENTS 
SO THEY CAN DO MORE FOR THEMSELVES.” 


IN HEART FAILURE 


í 


CAPOTEN is contraindicated in patients who are hypersensitive to this product. Angioedema has been reported in patients 
receiving ACE inhibitors. 

*CAPOTEN should generally be added to diuretics and digitalis except when digitalis use is poorly tolerated or otherwise not 
feasible; add CAPOTEN when patients have not responded adequately. 
Please see brief summary, including the boxed WARNING regarding Use in Pregnancy, on the adjacent page. 
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WARNINGS: ; Angioedems involving the 


extremities, face, os, mucous UCOUS membranes, 
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Neutropenia. d 
f <1 has resulted trom 
a a a a a ee n 
or other of the syndrome of agranulocytosis, The risk of neutropenia is dependent on the 
in clinical trials in patients with hypertansion who have normal renal function (serum creatinine 
tess than 1.6 mg/dl. and no ), neutropenia has been seen in one patient 
out of over 8,600 exposed. in with some of rena! failure (serum creatinine at least 
1.8 mg/dL) but no-collagen vascular disease, the risk in clinical trials was about 1 per 500. Doses 
waro Keeney high in Sines patanta, pariicuiarly renal function. in 
with collagen vascular diseases (8.g., system! and impaired 
function, occurred the 


Sevstoned 
the subsequent clinical . OF reported cases, about half had serum 21 
procainamide. in heart failure, it appears that the same risk factors 
for neutropenia are present. 


Neutropenia has appeared usually within 3 monha ater starti ther associated with myeloid 
hypoplasia and frequently accompanied by erythroid i decreased numbers of 


hypoplasia 

haryocytes (0.9. astic bone marrow ); thrombocytopenia were 

E e to normal in about 2 weeks after was 
erido ikad geod to clinically complex patients. About 13% of the cases 
of neutropenia have ended , but almost all were in serious iliness, having 
collagen’ disease, , haart failure or immi therapy, or a combina- 
tion of these complicating of the patient 
aways | of renal function. If is used in with impaired renal 

„ white blood cell and counts evaluated to starting 


Proteinuria; age pan >t T g pat dm woro noon in about 0796 patents on cain 


About 90% prior renal disease or racelved high doses (> 150 
mayo bon thes syndrome occurred in about one-fifth of . in most 
cases, pap arome occurred m aoun one Min a was continued. The 
BUN anci creatinine in proteinuric . Since most cases of proteinuria 
occurred by the 8th month of disease or those receivi 


captopril, patients with prior renal ng 

Captopril at doses > 150 mg per day, should have urinary protein estimates (dip-stick on 1st morning 
) beiore therapy, and periodically thereafter. 

3 Excessive 


OF THE POTENTIAL FALL IN BLOOD PRESSURE IN THESE PATIENTS, THERAPY 
SHOULD BE STARTED UNDER VERY CLOSE MEDICAL SUPERVISION. 


ramnios in this setting has been associ 
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These adverse etfects do not appear to have resulted frorn icareneie ACE-inhibitor exposure 
that has been limited to the first trimester. Mothers whose and are exposed to 
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of reversing and/or tor renal functors While captopril be 
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ness 168 OF 
is not effective for removing ; there is no information concerning exchange transfusion for 
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th des used were up 1 180 meer nemetor) and times (in rats) the maximum recommended 


at and 
‘allury—-About 20% of patients develop stable elevations of BUN and creatinine >. 
above normal or baseline treatment. Less than 5% of patients, with 
f disease, discontinuation due increasing creatinine. (See 


Elevations in serum potassium have been observed in patients treated ACE . includ- 
ing captopril. treated with ACE patients at nek for the development of hyperkalemia 
include thoee with: renal insufficiency; molitus; and thoes using Potassium sparing 
diuretics, powasium or sat substitutes; or other associated 
Cabonmtory Fain. been reported with the of ACE inhibitors. Charactoriatically 
use i 7 
cough be is owr ot e Maa agnosis of cough. Vakuiir ceeds ene 
concen, for risk of perfusion, has noted regarding vasodilator treatment in 
with aortic stenosis due to decreased . Surgery! 
during or anesthesia, and is considered dus to the effects of captopril, it is correctable 
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is also used, it may increase Tigh of lithium toxicity. 
Drug/Laberatory Test interaction: cause a false-positive urine test for acetone. 


Captopril may 

Mutagenesis irapairment of Fertility: Two-year studies with doses of 50 to 
Peep. oreren ipren pelaga giar iaapela evidence of carcinogenic potential. Studies in 

rats have revealed no no Imparmam oi leny. 
Categories (firet and D second and third trimesters) 
See W: : Fetel/Neonatel : 
rations. of inhuman mik aro 
captopril approxi 
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ona weight basis, was generaly reperted to bo comparable ocr les than tha used nad 


intamta, eepeciaty newborns 
br alg rsa Shure aeaa, have been reported. 


CAPOTEN (captopr®] should be usedtin chiidren only H other measures For controling blood pressure 
have not been effective. 


ADVERSE REACTIONS: Reported incidences are based or clinical trials involving approximately 


Rarer Aaa scl SPE ed seine inuria (see WARNINGS). Renal insufficiency, renal 
tailure, nephrotic syndrome, polyuria, oliguria, eee tous Cet ates 


effects of 
associated com- 


Hematologic: Neutropenial has occurred (see WARNING Anemia, throm- 
bocytopenia, and pancytopenia have been à ca 

; Rash, icarial), often with and sometimes 
A aah mere re ee rs a 
usually during the ‘st weeks of . Pruritus, without rash, in about 2 of 100 patients. A 
sasoca] pemphigstike lesion, photosensitivity, have also been reported. Flushing or pallor 


: Hypotension may oceur; soo WARNINGS and Lpertanehngied (Drug interactione] 
of hypotension with therapy. T: palpitations each 
ris, myocardial infaretion, Raynaud's syndrome, and con- 


in about 1 of 100 patients. Angina 
gestive heart hoart failure oach in 2 to of 1000 patieris, 
AEN a area 
Khela on spl impairment is reversible self-limited even 
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Or other treatments used in controlled trials: gastric irritation, abdominal 
ulcers, ulcer, dizziness, 


Other clinkal adverse effects reported since the drug was marxeted are listed below body system. 
in this setting, an incidence or causal relationship cannot be accurately determi 

General: Asthenia, ia. 

Cardiovascular: arrest, cerebrovascular accident/inaufficiency, rhythm disturbances, ortho- 


static s 
Dormattogic: Bul dale erythema muttiforme (including Stevens-Johnson syndrome), 
@ 


itis, dyspepsia. 
fying includi ass d hemolytic. 
: Jaundice, hepatitis, including rare cases of necrosis, cholestasis. 
Metabolic: P yai hyponatremia. 
taxia, confusion, depression, nervousness. somnolenca. 
Bronchospasm, am, eosinophilic pneumonitis, rhinitis. 


Respiratory; 

behead 
ha wih other ACE mnibhor, a syndreme has been reportec which clude: fever, Sone Ba 
arthralgia, interstitial nephritis, vasculitis, rash or Or otet GATAN ROA METAAN, DOR ni 
ar elevated ESR. 

and Mortality 

See WARNINGS: Morbidity and Mortality. 

Laboratory Findings: Serum Electrolytes: : small Increases in potassium, 
especially in patients with renal impairment (see CAUTIONS). oe 


BUN/Serum Creatinine: Ti elevations of BUN or serum creatinine in. volume or 
Sas curiomes patente or thoes eee ere may occur. Rapid of iong- 
standing or 


‘markedly elevated blood pressure can rapuit in decreases in in the glomerular filtration rate 
and, in tum, sad to increases in BUN or serum creatinine. 
Hematologic: A positive ANA has been reported. 
Liver Function Tests: Elevations of liver transaminases, alkaline phosphatase, and serum bilirubin 


have occurred. 

OVERDOSAGE: Primary concern is corraction of hypotension. Volume expansion with an I.V. infu- 

sion of normal saline is the treatment of choice for restoration of biood pressure. 

While captaprit may be removed from the adult circulation 
ing the effectiveness of 


of children. 

ceming exchange for captopril from the general k: 

i CAPOTEN may A td, Dosage must be individualized; noe DOSAGE 

n eyPertencich or ME: ý 
ADMINISTRATION tien of insert g, dosage in 

dosage n for patients with impalrad renal function. me : 
SC aa asic oina CAPTEN 

HOW SUPPLIED: Available in tablets of: 12,5 O00: Tas Botina c1 100 and 1000: 25 in bottles of 

12 ana 1900. 6O mo in bottae of- 100 and 1000 D0 mg of bottles of 100; and in UNIMATIC® unit- 

dose packs of 100 tablets. (J3-658Z) 
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Introducing 


F LEXIPAK rexo Container) 


A new package for OMNIPAQUE 
with safety, convenience and 


flexibility built in 


The safety package 


New FLEXIPAK makes it simple to purge air from the 
flexible container before hanging to help reduce the 
potential for air emboli. The easily spiked port 
eliminates the possibility of infusing microscopic 

rubber particles from glass-bottle stoppers. And you 
don't need an air vent because the soft sides collapse as 
OMNIPAQUE flows. 





The convenience package 

No more waste and messy cleanups from broken glass 
bottles. And, FLEXIPAK is ready and easy to hang, 
even on crowded IV poles. FLEXIPAK lightens the load 
from setup to administration and all points in between. 


The flexibility package 


FLEXIPAK is flat and stackable for the best possible 
utilization of your storage space. And FLEXIPAK is avail- 
able in the concentrations and sizes usec. most often. 
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Its all 


part of the 


package! 


NONIONIC 


OMNIPAQUE D 


(IOHEXOL) 


See last page for important product information concerning con- 
traindications, warnings, adverse reactions, patient selection, and 
prescribing and precautionary recommendations. 


All nonionic iodinated contrast media currently available inhibit 
blood coagulation, in vitro, less than ionic contrast media. Clotting 
has been reported when blood remains in contact with syringes 
containing nonionic contrast media. Therefore, meticulous 
intravascular administration technique is necessary to minimize 
thromboembolic events. 
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OMNIPAQUE’ [140] 


INJECTION (IOHEXOL) 
INTRAVASCULAR 


PLEASE CONSULT FULL PRODUCT INFORMATION BEFORE USING. A SUMMARY FOLLOWS: 


DESCRIPTION: OMNIPAQUE is a sterile. pyrogentree and preservative-tree, nonionic, water-soluble radiographic 
contrast medium for intravascular administration in cencentrations of 140, 240, 300, and 350 mgl/mL OMNIPAQUE 140 
contains 302 mg of iohexol equivalent to 140 mg of fe iodine per mL, OMNIPAQUE 240 contains 518 mg of iohexol 
equivalent to 240 mg of organic iodine per mL, OMMIPAQUE 300 contains 647 mg of iohexol equivalent to 300 mg ot 
organic iodine per mL; and OMNIPAQUE 350 contains 755 mg of iohexol equivalent to 350 mg of organic iodine per mL 
Each milliliter of iohexol solution contains 1.21 mg tromethamine and 0.1 mg edelate calcium disodium with the pH adjusted 
between 6.8 and 7 7 with hydrochloric acid or sodium hydroxide. Unused portions must be discarded lohexol solution is 
sensitive to ie and should be protected from exposure 

CONTRAINDICATIONS: OMNIPAQUE should not be administered to patients with a known hypersensitivity to iohexol 
WARNINGS—General: Nonionic iodinated contrast media inhibit blood coagulation, in vitro, less than ionic contrast 
media. Clotting has been reported when blood remains in contact with syringes containing nonionic contrast media 

Serious, rarely fatal, thromboembolic events causing myocardial infarction and stroke nave been reported during 
angiographic procedures with both ionic and nonionic contrast media Therefore, meticulous intravascular administration 
technique is necessary, particularly during angiograahic procedures, to minimize thromboembolic events Numerous 
factors, including length of procedure, catheter and syringe material, underlying disease state, and concomitant medica- 
tions, may contribute to the development of thromboembolic events. For these reasons, meticulous angiographic techniques 
are recommended including close attention to guidewire and catheter manipulation, use of manifold systems and/or three- 
way stopcocks, frequent catheter flushing with heparinized saline solutions and minimizing the length of the procedure The 
ee plastic syringes in place of glass syringes has been reported to decrease but not eliminate the likelihood of in vitro 
clottin 
CMNIPAQUE should be used with extreme care in patients with severe ‘unctional disturbances of the liver and kidneys, 
severe thyrotoxicosis, or myelomatosis. Diabetics will a serum creatinine level above 3 morit should not be examined 
unless the possible benefits of the examination clearly outweigh the additional risk OMNIPAQUE is not recommenced for 
use in patients with anuria 

Radiopaque contrast agents are potentially hazardous in patients with multiple myeloma or other paraproteinemia, 
particularly in those with therapeutically resistant anuria Although neither the contrast agent nor dehydration has separately 

roven to be the cause of anuria in myeloma, it has been speculated that the combination of both may be causative factors. 

risk in myelomatous patients is nota contraindication; however, special precautions are necessary Partial dehydration in 

the preparation of these patients prior to injection is not recommended since this may predispose the patient to precipitation 

of the myeloma protein in the renal tubules. No form af therapy, including dialysis, has been successful in reversing the 

effect. Myeloma, which occurs most commonly in persons over age 40. should be considered betore instituting intravascular 
administration of contrast agents. 

lonic contrast media, when injected intravenously or intra-arterially, may promote sickling in individuals who are 
homozygous tor sickle cell disease 

Administration of radiopaque materials to patients known or suspected of having pheochromocytoma should be 
performed with extreme caution. If, in the opinion of the physician, the possible benefits of such procedures outweigh the 
considered risks, the procedures may be performed; however. the amount of radiopaque medium injected should be kept to 
an absolute minimum. The patient's blood pressure should be assessed throughout the procedure and measures for the 
treatment of hypertensive:crisis should be readily available 

Reports of thyroid storm following the use of iodinated, ionic radiopaque contrast media in patients with hyperthyroidism 
or with an autonomously functioning thyroid nodule suggest that this additional risk be evaluated in such patients before use 
of any contrast medium 

Urography should be pertormed with caution in patients with severely impaired fenal function and patients with combined 
renal and hepatic disease 
PRECAUTIONS—General: Diagnostic procedures which involve the use of radiopaque diagnostic agents should be 
carried out under the direction of personnel with the prerequisite training and with a thorough knowledge of the particular 
procedure to be performed. Appropriate facilities should be available for coping with an complication of the procedure, as 
well as for emergency trealment of severe reactions to the contrast sent itselt, After parenteral administration of a 
radiopaque agent, competent personnel and emergency facilities should be available for at least 30 to 60 minutes, since 
severe delayed reactions have occurred (see ADVERSE REACTIONS: Intravascular —General) 

Preparatory dehydration is dangerous and may contribute to acute renal failure in patients with advanced vascular 
disease, in diabetic patients, and in susceptible nondiabetic patients (often elderly with preexisting renal disease), infants, 
and small children. Dehydration in these patients seems to be enhanced by the osmotic diuretic action of urographic agents 
It is believed that overnight fluid restriction prior to exeretory urography generally does nol provide better visualization in 
normal patients, Patients should be well hydrated prior to and following administration of any contrast medwm, inciuding 
iohexol. 

Acute renal failure has been reported in diabetic patients with diabetic nephropathy and in susceptible nondiabetic 
patients (often elderly with preexisting renal disease) fcllowing excretory urography. Therefore, caretul consideration of the 
potential risks should be given betore performing this beet dhe procedure in these patients. 

Immediately following surgery, excretory urography should be used with caution in renal transplant recipients 

The possibility of a reaction, including serious, life-threatening, fatal, anaphylactoid or cardiovascular reactions should 
always be considered (see ADVERSE REACTIONS: Inwavasculat—General) It is of utmost importance that a course of 
action be carefully planned in advance for immediate treatment of serious reactions, and that adequate and appropriate 
personnel be readily available in case of any reaction 

The possibility of an idiosyncratic reaction in susceptible patients should always be considered (see ADVERSE 
REACTIONS: Intravascular —General). The susceptible population includes, but is not limited to, patients with a history of a 
previous reaction to contrast media, patients with a known sensitivity to iodine per se, and patients with a known clinical 
hypersensitivity: bronchial asthma, hay fever, and food allergies 

The occurrence of severe idiosyncratic reactions has prompted the use of several pretesting methods However, pretesting 
cannot be relied upon to predict severe reactions and may itself be hazardous for the patient. It is suggested that a thorough 
medical history with emphasis on allergy and hypersensitivity, prior to the injection of any cantrast media, may be more 
accurate than pretesting in predicting potential adverse reactions 

A positive history of allergies or hypersensitivity daes not arbitrarily contraindicate the use of a contrast agent wnere a 
diagnostic procedure is though! essential, but caution should be exercised (see ADVERSE REACTIONS. Intravascular— 
General). Premedication with antihistamines or corticasteroids to avoid or minimize possible allergic reactions in such 
patients should be considered and administered using separate syringes Recent reports indicate that such pretreatment 
does not prevent serious, life-threatening reactions, but may reduce both their incidence and severity. 

Even though the osmolality of OMNIPAQUE is low compared to dialrizoale- or iothalamate-based ionic agents of 
comparable iodine concentration, the potential transitory increase in the circulatory osmotic load in patients with congestive 
heart failure requires caution:during injection These patients should be observed for several hours following the procedure 
to detect delayed hemodynamic disturbances 

General anesthesia may be indicated in the performance of some procedures in selected adult patients, however, a higher 
incidence of adverse reactions has been reported in these patients and may be attributable to the inability o! the patient to 
identity untoward symptoms, or to the hypotensive effect of anesthesia, which can reduce cardiac output and increase the 
duration of exposure to the contrast agent 

fnwlograny should be avoided whenever possible in patients with homocystinuria, because of the risk of inducing 
thrombosis and embolism 

In angiographic procedures, the possibility of dislodging plaques or damaging or perforating the vessel wall should be 
borne in mind during the catheter manipulations and contrast medium injection. Test injections to ensure proper catheler 
placement are recommended 

Selective coronary arteriography should be pertormed only in those patients in whom the expected benefits outweigh the 
potential risk The inherent risks of angiocardiography in patients with chronic pulmonary emphysema must be weighed 
against the necessity for performing this procedure 

When OMNIPAQUE is to be injected using plastic disposable syringes. the contrast medium should be drawn into the 
syringe and used immediately 

If nondisposable equipment is used, scrupulous care should be taken to prevent residual contamination with traces of 
Cleansing agents. 

Parenteral products should be inspected wan for particulate matter and discoloration prior to 
administration. If particulate matter or discoloration is present, do not use. 

Information for Patients: Patients receiving injectable radiopaque diagnostic agents should be instructed to 

1. Inform your physician if you are pregnant 

2 Inform your physician if you are diabetic or if you have multiple myeloma, pheochromocytoma, homozygous sickle cell 
disease, or known thyroid disorder (see WARNINGS—General) 

3. Inform your physician if you are allergic to any drugs food, or if you had any reactions to previous injections of dyes used 
for x-ray procedures (see PRECAUTIONS —Generald 

4. Inform your physician about any other medications you are currently taking. including nonprescription drugs before you 
ate administered this drug 

Drug/Laboratory Test Interaction: It iodine-containing isotopes are to be administered for the diagnosis of thyroid 

disease, the iodine-binding capacity of thyroid tissue may be reduced tor up to 2 weeks after contrast medium 

administration. Thyroid function tests which do nat depend on iodine estimation, eg, T resin uptake or direct 

thyroxine assays, are not affected Many radiopaque contrast agents are incompatible in vitro with some antihistamines and 

many other drugs; therefore, no other pharmaceuticals should be admixed with contrast agents 


OMNIPAQUE® injection (iohexol) 





Carcinogenesis, Mutagenesis, Impairment arenmy No long-term animal studies have been performed to 
evaluate carcinogenic potential, mutagenesis, or whether OMNIPAQUE can affect fertility in men or women 

Pregnancy Category B: Reproduction studies have been performed in rats and rabbits with up to 100 times the 
recommended human dose. No evidence of impaired tertility or harm te the fetus nas been demonstrated due to 
OMNIPAQUE There are, however, no studies in pregnant women. Because animal reproduction studies are not always 
peice of human response, this drug should be used during pregnancy oniy if clearly needed 

sing Mothers: |t is not known to what extent iohexol is excreted in human milk. However, many injectable contrast 
agents are excreted unchanged in human milk Allhough it has not been estabiished Ihat serious adverse reactions occur in 
nursing infants, caution should be exercisec when intravascular contrast media are administered to nursing women Bottle 
teedings oe be substituted for breast feedings far 24 hours following administration of OMNIPAQUE 
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mic therapy that was previously thought to be effective. These results 
suggest that electrophysiologic study results during antiarrhythmic drug 
therapy exhibit significant day-to-day variability. 


1300 -e laa ee we 
Reproducibility of Isoproterenol Tilt-Table Tests in Patients 
with Syncope 

Robert Sheldon, Jan Splawinski, and Shawn Killam 


To assess the reproducibility of head-up tilt-table testing, 46 patients each 
underwent 2 isoproterenol tilt-table tests | to 6 weeks apart. The reproduc- 
ibility of 20 initial negative test results was 85%, and that of 26 initial 
positive tests was 88%. Symptoms developed monoexponentially with 
duration of head-up tilt and the time of onset of symptoms during 5 
ug/min of isoproterenol correlated well between tests (r = 0.73, p = 
0.007). Of all hemodynamic variables assessed, only trough heart rates 
correlated well between tests (r = 0.81, p <0.001). Thus isoproterenol 
head-up tilt-table tests are symptomatically reproducible over a period of 
1 to 6 weeks. Temporal and hemodynamic variables reproduce well under 
certain strictly defined conditions. 


CONGESTIVE HEART FAILURE 


g 1306 
Maintenance of Forearm Vasodilator Action of Atrial 
etic Factor in Congestive Heart Failure Secondary to 
Ischemic or Idiopathic Dilated Cardiomyopathy _ 
Spencer H. Kubo, Steven A. Atlas, John H. Laragh, and Robert J. Cody 





To determine if the vasodilator effects of atrial natriuretic factor (ANF) 
were altered-in heart failure, the isolated forearm model was utilized to 
measure forearm blood flow responses to the intraarterial infusion of ANF 
using a dose range that was low enough to avoid systemic effects. In 
control subjects, infusions of 0.5, 1.0, 2.0 and 4.0 ng /min/100 ml forearm 
volume increased forearm blood flow from 3.21 + 1.71 to 5.69 Æ 3.14, 
6.20 + 2.57, 6.64 + 2.53 and 6.97 + 2.49 ml/min/100 ml forearm 
volume, respectively (all p <0.01). In 7 patients with heart failure, ANF 
infusion significantly increased forearm blood flow from 2.19 + 0.98 to 
3.18 + 1.70, 3.76 + 2.0 and 4.42 + 2.80 ml/min/100 ml forearm volume 
for the 0.5, 1.0 and 2.0 ug doses, respectively (all p <0.05). There was no 
difference in forearm blood flow responses between the 2 groups, ex- 
pressed as both an absolute response and a percent increase. These data 
therefore confirm the finding that ANF has a direct vasodilator action in 
humans and further suggest that ANF-mediated vasodilation is relatively 
intact in heart failure. 
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Single-Plane Transesophageal Echocardiography fer. 
Assessing Function of Mechanica! or Bioprosthetic Valves in 
the Aortic Valve Position 

Dean G. Karalis, Krishnaswamy Chandrasekaran, Job J. Ross Jr; Alan 
Micklin, Bruce M. Brown, Jian-Fang Ren, and Gary $. Mintz 





To evaluate the role of transesophageal echocardiography in assessing. 
prosthetic aortic valve function, 89 patients were studied by combined 
transthoracic and transesophageal echocardiograpay. Transesophageal 
echocardiography offered no advantage in the detection and quantifica- 
tion of prosthetic aortic regurgitation unless the transthoracic image quali- 
ty was poor. Transesophageal echocardiography was limited in detecting 
mechanical valve obstruction and in detecting aortic regurgitation in the 
presence of a mechanical mitral valve prosthesis. The value of transesoph- 
ageal echocardiography was in identifying perivalvular pathology, differ- 
entiating perivalvular from valvular regurgitation, and in defining the 
anatomic abnormality responsible for the prosthetic valve dysfunction. 
Transesophageal echocardiography should be incorporated with transtho- 
racic echocardiography to provide complete anatomic and hemodynamic 
assessment of prosthetic aortic valve function. 


CONGENITAL HEART DISEASE 


1316 ree A a aar iatea 
Risk of Patent Foramen Ovale for Thwomboontelic eran in 
All Age Groups 

Mark A. de Belder, Leftiris Tourikis, Graham Leech, and A. John: Camm 


The association between a patent foramen ovale (PFO) and thromboem- 

bolic events in young patients has been reported. To assess the role of a 

PFO in all patients with possible thromboembolic events (regardless of 
age), precordial and transesophageal contrast echocardiography was per- 

formed in 104 consecutive patients (aged 16 to 84 years) presenting with a 

stroke, transient ischemic attack or peripheral artery embolus (group I); 
35 had no risk factor for the event (group Ia), but 69 had a recognized risk 

factor (group Ib). These studies were also performed in 94 consecutive 

patients (aged 23 to 82 years) undergoing transesophageal echocardiogra- 

phy for other reasons (group II). The prevalence of a PFO was 26% in 

group la, 14% in Ib, and 3.2% in H (Ia vs I: relative odds 10:1, p <0.001; 

Ib vs II: relative odds 5:1, p <0.02; and Ia vs Ib: p = not significant). The 

detection of a PFO was not related to age. The relatively low prevalence of 
a PFO in this study is discussed. Our data suggest an association between a 
PFO and thromboembolic event regardless of age, but many patients with 
a PFO have other risk factors for such events, and this anatomic variant is 
probably implicated in only a minority. 
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‘Minimally Invasive Management of Transposition of the Great 
Arteries in the Newborn Period 

Cameron J.B. Ward, Richard E. Hawker, Stephen G. Cooper, David 
Brieger, Graham Nunn, Timothy B. Cartmil, John M: Celermajer, and 
Gary F. Sholler 





This study reports on a predominantly noninvasive management program 
for neonatal transposition of the great arteries incorporating balloon atrial 
septostomy (BAS) under echocardiographic control. BAS was performed 
via the umbilicus using echocardiographic control in 17 patients (85% of 
patients in whom this approach was attempted), and proved safe and 
effective. Thirteen patients did not require ventilation during BAS. There 
were minimal complications and satisfactory septostomies in all cases. 
Intracardiac and coronary anatomy were correctly predicted by echocar- 
diography. Without diagnostic cardiac catheterization 9 patients under-. 
went neonatal arterial switch procedures and 2 underwent palliative pro- 
cedures. 
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Decreased Plasma Atriopeptin Response to Volume- 
Overloading Maneuvers and Exercise After Atriopulmonary 
Anastomosis of Fontan 

Hélène Perrault, Joaquim Miró, André Davignon, Mireille Béland, Beth — 
Armstrong, Gaétan Thibault, Marc Cantin, and Claude Chartrand = 


After the Fontan operation, patients have a chronic pressure-volume over- 
load, and salt and water retention are frequent clinical observations. The 
hypothesis that this abnormal hydro-mineral status could be related to an 
inability of right atrial cardiocytes to increase already elevated atriopeptin 
(ANP) levels in response to further volume overload, and thus reduce the 
potential for diuresis and natriuresis, was examined. Patients were submit- 
ted to a 10° head-down tilt during routine cardioangiography, and at 
another time to a graded maximal exercise protocol. Plasma ANP levels 
were increased (114 + 10 pg/ml) at basal conditions and did not increase 
in response to tilting or angiography, despite significant increases in mean 
right atrial pressure (basal: 12 + 0.7 mm Hg; tilt: 13.4 + 0.7 mm Hg; and 
after angiography: 15.8 + 0.8 mm Hg). Maximal exercise resulted in only 
a slight increase in circulating ANP in patients compared with a threefold 
increase in healthy control subjects. The results suggest an attenuated 
stimulus-release response for ANP in Fontan patients, which could have 
clinical implications in fluid-balance regulation. 
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Major Electrocardiographic Abnormalities in Persons Aged 65 
Years and Older (the Cardiovascular Health Study) 

Curt D. Furberg, Teri A. Manolio, Bruce M. Psaty, Diane E. Bild, Nemat O. 
Borhani, Anne Newman, Bernard Tabatznik, and Pentti M. Rautaharju, for 
the Cardiovascular Health Study Collaborative Research Group 


The prevalence of major electrocardiographic abnormalities was deter- 
mined in 5,150 adults aged >65 years from the Cardiovascular Health 
Study, a study of risk factors for stroke and coronary heart disease in the 
elderly. Ventricular conduction defects, major Q/QS waves, left ventricu- 
lar hypertrophy, isolated major ST-T-wave abnormalities, atrial fibrilla- 
tion and first-degree atrioventricular block were collectively categorized 
as major electrocardiographic abnormalities. Prevalence of any major 
electrocardiographic abnormality was 29% in the entire cohort; 19% 
among 2,413 participants who reported no history of coronary artery 
disease or systemic hypertension, and 37% among 2,737 with history of 
coronary artery disease or hypertension. Prevalence of major electrocar- 
diographic abnormalities was higher in men than in women regardless of 
history and tended to increase with age. Major Q/QS waves were found in 
5.2%, and more than half were in subjects who did not report a previous 
myocardial infarction. Major electrocardiographic abnormalities are 
common in elderly men and women irrespective of the history of heart 
disease. 
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Normalization of Upright Exercise Hemodynamics and 
Improved Exercise Capacity One Year After Orthotopic 
Cardiac Transplantation 

Laszlo Rudas, Peter W. Pflugfelder, F. Neil McKenzie, Alan H. Menkis, 
Richard J. Novick, and William J. Kostuk 


To assess the contribution of cardiac changes to improvement in exercise 
capacity, the serial evolution of upright rest and exercise hemodynamics 
was studied in 17 patients at 3 and 12 months after heart transplantation. 
Heart rate responsiveness, reflected by rapid heart rate acceleration on 
sitting and rapid deceleration after exercise, developed in the first year. 
Pulmonary capillary wedge and right atrial pressures were lower at 1 year, 
both at rest and at peak exercise. Cardiac index at peak exercise was 
greater at 12 months, mediated primarily by higher exercise heart rate. In 
the first year after heart transplantation, improved rest and exercise he- 
modynamics and heart rate responsiveness contribute significantly to the 
improved functional capacity observed in these patients. 
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Dependency of Arterial Compliance on Circulating 
Neuroendocrine and Metabolic Factors in Normal Subjects | 
Joel M. Neutel, David H. G. Smith, William F. Graettinger, and 
Michael A. Weber 


To evaluate whether arterial compliance is influenced by neuroendocrine 
and metabolic factors, proximal (aorta and large arteries) and distal 
compliance (small arteries and arterioles) was measured in 57 volunteers 
(30 hypertensive and 27 normotensive). Proximal compliance correlated 
with plasma insulin, norepinephrine, triglycerides, total cholesterol and 
high-density lipoprotein (HDL) cholesterol. Distal compliance correlated 
with insulin, triglycerides, total cholesterol and lower HDL cholesterol. 
Patients with reduced proximal compliance had higher levels of insulin, 
plasma renin activity, triglycerides, total cholesterol and lower HDL levels 
than patients with normal compliance. These findings suggest that such 
humoral factors as catecholamines, the renin system, lipids and insulin 
may be linked to morphologic changes that decrease arterial compliance. 
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Slope of the End-Systolic Pressure-Volume Relation Derived 
from Single Beat Analysis Is Not Always Sensitive to Positive 
inotropic Stimuli in Humans 

Tomoyuki lwase, Tetsuya Tomita, Shinji Miki, Kunihiko Nagai, and 
Tomoyuki Murakami 





Single beat estimation of the slope of the end-systolic pressure-volume 
relation assumes symmetric left ventricular pressure increase and decay, 
and requires extrapolation of peak isovolumic developed pressure (Pmax). 
To test the sensitivity of this slope to positive inotropic stimuli, biplane 
cineangiocardiography and simultaneous high-fidelity left ventricular 
pressure measurements were performed under baseline conditions and 
during norepinephrine infusion or after postextrasystolic potentiation in 
50 patients with heart disease. Left ventricular pressure increase and 
decay were asymmetric after postextrasystolic potentiation. The slope 
increased during norepinephrine infusion and decreased after postextra- 
systolic potentiation. It showed a high correlation with estimated Pmax 
(r = 0.86). In conclusion, the slope of the end-systolic pressure-volume 
relation derived from single beat analysis i is not always sensitive to inotro- 
pic interventions. Its sensitivity is highly dependent on the accuracy of 
extrapolation of Pmax, and this assessment of contractile state is limited 
especially when isovolumic contraction and relaxation are dissociated. 





METHODS 


1354 
Validity of Cardiac Output Measurement by Computer- 
Averaged Impedance Cardiography, and Comparison with 
Simultaneous Thermodilution Determinations 
Brian R. Pickett and James C. Buell 





The accuracy and reproducibility of cardiac output measurement by en- 
semble-averaged computerized impedance cardiography were compared 
Continued on page A44 
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SIMVASTATIN: 
ZOCOR is available in 5-mg, 10-mg, 
20-mg, and 40-mg tablet strengths. 


CONTRAINDICATIONS: Hypersensitivity 
medication 

Active liver disease or unexplained persistent elevations of serum 
transaminases (see WARNINGS} 

Pregnancy and lactation. Atherosclerosis is a shronic process, and the 
discontinuation of lipid-lowering drugs during pregnancy should have little 
impact on the outcome of long-term therapy of primary hyperchoiesterciemia 
Moreover, cholesterol and other products of the cholestero! biosynthesis 
pathway are essential components for fetal development. including synthesis 
of steroids and cell membranes, Because of the ability of HMG-CoA reductase 
inhibitors such as ZOCOR” {Simvastatin} to decrease the synthesis of 
cholesterol and possibly other products of the cholesterol biosynthesis 
pathway, ZOCOR may cause tetai harm when administered to a pregnant 
woman. Therefore, simvastatin is contraindicated during pregnancy and n 
nursing mothers. Simvastatin should be administered to women of 
childbearing age only when such patients are highly unlikely to 
conceive. if a patient becomes pregnant while taking this drug, simvastatin 
should be discontinued and the patient should be apprised of the poverttial 
hazard to the fetus 
WARNINGS: Liver Dysfunction: Persistent increases (to more than 
3 times the upper limit of normal) in serum transaminases have 
occurred in 1% of patients who received simvastatin in clinical 
trials, When drug treatment was interrupted o° discantinued in these 
patents, the transaminase levels usually fell slow to pretreatment bevels 
The increases were not associated with jaundice o other clinical signs or 
symptoms. There was noevidence of hypersensitivicy. 

it is recommended that fiver function tests be performed during 
therapy with simvastatin. Serum transaminase levels, including 
ALT (SGPT), should be monitored before treatment begins, every 6 
weeks tor the first 3 months, every 8 weeks during the remainder 
of the first year, and periodically thereafter (e.9., at approximately 
6-month intervals). Special attention should be paid to patients who 
velop elevated aam transaminase levels, and ir these patients, 
is should be repeated promptly anc then performed more 
frequently H the t transaminase levels show ev-dence of progression, 
paricular y if they nise to 3 times the upper limit of forma’ and are persistent, 

the drug should be discontinued. Liver See should be considered if 
elevations persist beyond the discontinuation of the crug 

The drug should be esed wilh caution in patients who consume 
sutistantial quantities of alcohol and/or have a past histcry of fiver disease. 
Active liver diseases or unexplained transaminase elevations ate 
contraindications to the use of simvastatin 

As with other lipid-lowering agents, moderate (less than 3 times the upper 
limit of normal) elevations of serum transaminases have been reported 
folowing therapy with simvastatin. These changes appeared soon atter 
initiation of therapy with simvastatin, were often transient, were not 
accompanied by any symptoms, and did not require interruption of treatment 
Skeletal Muscle: Rare cases of rhabdomyolysis with acute renat failure 
secondary to myoglobinuria have been associated with simvastatin therapy 
Rhabdomyolysis has also been associated with otter HMG-CoA reductase 
inhibitors when they were administered alone or concomitantly with 1) 
immunosuppressive therapy, including cyclosparie in cardiac transplant 
patients, 2) gemfibrozil or lipid-lowering doses (21 day} of nicotinic aid in 
nor-transplant patients: ar 3) erythromycin: in seriously il patients. Some of 
the patients who had rhabdomyolysis in associacion with the reductase 
inhibitors had preexisting renal insufficiency, usualy as a consequence of 
longstanding diabetes. In most subjects who have had an unsatistactory lipid 
response to either simvastatin or gemfibrozil alone, the possible neneʻits of 
cornbined therapy with these drugs are not considered to outweigh the risk of 
severe myopathy. rhabdomyolysis, and acute renak failure. White it ss not 
known whether this interaction occurs with fibrates other than gemfitrozi:, 
myopathy and rhabdomyolysis have occasionally bee associated with the use 
of other fibrates alone. including clofibrate. Therefore, the combined use of 
simvastatin with other fibrates should generally be avarded 

Physicians contemplating combined therapy wit simvastatin and lipid- 
mele doses of nicatinic acid of with immunosuppressive drugs should 
caretuily weigh the potential benefits fs risks and should carefully moniter 
patients for any signs or symptoms of muscle pain, tendemess, or weakness: 
particulary during the initial months of therapy and during any oeriods ct 
upward dosage titration of either drug. Periodic creatine phosphokinase (CPK) 
determinations may sidered in such $i there is no assurance 
thal such monitoring will prevent the occurrence of severe myopathy. 

Because of an apparent relationship between myopathy anc increased piasma 
levels of active metabolites derived (rom other HMG-"0A reductase inhibitors, 
the daily dosage should not exceed 10 mg/day in patients who are taking 
cyclosporine (see DOSAGE AND ADMINISTRATION in Prescribing information} 

Simvastatin therapy should be temporarily withheld or 
discontinued in any patient who has an acute, serious condition 
suggestive of a myopathy or who has a risk factor predisposing ta 
the development of renal failure secondary to rhabdomyolysis 
{e.g., severe acute infection, hypotension, major surgery, trauma, 
severe metabolic, endocrine, and electrolyte disorders, and 
uncontrolled seizures). 

Myopathy should be considered in any patient with diffuse myalgias. 
muscle tenderness or weakness, and/or marked elevation of CPK, Patients 
should be advised to report promptly unexplained muscle pain, tenderness, 
or weakness. pafticularly if accompanied by malaise or fever. Simvastatin 
therapy should be discontinued if markedty elevatec CPK levels occur or 
mycpathy is diagnosed or suspected 
PRECAUTIONS: General: Botore instituting therapy with ZOCOR, an attemp: 
should be made to contro! hypercholesterolemia wilh appropriate diet, exercise 
and weight reduction in obese patients and to teat cther underlying medical 
problems (see INDICATIONS AND USAGE in Prescribirg Information} 

Simvastatin may cause elevation of CPK and transaminase levels (see 
WARNINGS and ADVERSE REACTIONS). This shou 4 be considered in the 
dilfeential diagnosis of chest pam in a patient on therapy with simyastatia 
Homozygous Familial Hypercholesterolemia: ZOCOR is jess effective 
in patients with the rare homozygous familial hyperchoiesterclemia 
possibly because these patients have few functional LDL receptors 
information for Patients: Patients should be adesed te report promptly 
unexplained muscie pais. tenderness. of weaeness paricularly it 
accompanied by malaise or fever 
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Drug interactions: immunosuppi 
fNicotrne Acid), Erythromycin: See WAF 
Antroyrine Because simvastatin had 
antipyrine, interactions with other d 
cytochrome isozymes are nat expected 

Propranolol: in healthy male volunteers, there was a significant decrease in 
mean Cog. bul no change in AUC, for simvastatin totai and active inhibitors 
with concomitant administration of single coses of ZOCOR” (Simvastatin) and 
propranolol, The clinical relevance ef this Hinding is unclear. The 
the enantiomers of prcaranciol were not affected 
Concomitant administration of a single dose of digoxin in healthy 
male Yolun neers teceiving simvastatin resisted in a sliget elevation (less than 
0.3 ng/mL} in digoxin concentrations in plasma (as measured by a 
radionryauno A } compared to concomeant administation of placebo and 
digoxin.. Patients taking digoxin should og monitores appropriately when 
simvastatin is initiated 

Warlarin Simvastatin therapy appeared to enhance slightly the 
anticoagulant effect of warlarin (mean charges i prothcombin time fess than 
2 seconds) in normal volunteers maintained im a state of low therapeutic 
anticoagulation. With other reductase inhibitors, clinically evident bieeding 
and/or increased prothrombin time has been reported ir: a few patients taking 
coumarin anticoagu-ants concomitantly. ir such patients, prothrombin time 
should be determined before starting simvastatin and frequently enough 
during early therapy ‘0 insure that no significant alteratios of prothrombin time 
occurs. Once a stabe prothrombin time hes been documented, prothrombin 
times can be monitored at the intervals use commended tor patients on 
coumarin anticoagulants, if the dose of simvastatin is changed, the same 
procedure should be repeated. Simvastatir r- terapy has not been associated 
with ble or weh changes in prothrcmbin time ie patients not taking 
anticoagula 

Other Concomitant Therapy. Although specific interacion studies were not 
performed, in clinical studies, simvastat used concomitantly with 
angiolersin-converting-enzyme (ACE) inhibitors. beta blockers calcium channel 
blockers. diuretics, and nonsteroidal antiinflammatory drugs (NSAIDs) without 
evidence of clinically significant adverse interactions. The eect of cholestyramine 
on the absorption and kinetics of simvastatin has nat been determined. 
Endocrine Function: HMG-CoA reductase inhibitors interfere with 
cholesterol synthesis and as such might theoretically stunt adrenal and/or 
gonadal steroid production. However ical studies have shown that 
Simvastatin does not reduce basal plasme cortisol comcentration or impair 
adrenal reserve and does net reduce basal slasma testosterone concentration 
(see CLINICAL PHARMACOLOGY, Cinical Stumes in Prescribing 
Information). Another HMG-CoA reductase inhibitor has been shown to 
reduce the plasma testosterone response tc HCG: the effect of simvastatin on 
HCG -stimulated testosterone secretion has sot been studied 

Resu'ts of clinical trials with drugs in this class have teen inconsistent with 

regard to drug effects on basal and reserve steroid levels. The effects of HMG- 
CoA recuctase inhibitors on male tertility Fave rot beer studied in adequate 
numbers of male patients. The effects, if any, ant the pituitary-gonadal axis in pre- 
menopausal women are unknown. Patients trated with simvastatin who develop 
clinical evidence of endocrine dysfunction should be evaluated appropriately. 
Caution should also de exercised if an HMG-CoA reductase inhibitor or other 
agent used to lower cholesterol levels is administered to aatients who are also 
receiving other drugs (e.g., ketoconazole, spironolactone, cimetidine) that may 
decrease the levels or activity of endogenous steroid hormenes. 
ENS Toxicity: Optic nerve degeneration was seen in clinically normal dogs 
treated with simvastatin for 14 weeks at 180 mg/kg/day, a dose that 
produced mean plasma drug levels about 44 times hehe: than the mean 
drug level m humans taking 40 mg/day. 

CNS vascular lesions, characterized by pelvascu'ar hemorrhage and 
edema, mononuclear cell infiltration of perivascular spaces. perivascular 
fibrin deposits, and necrosis of small vessels, were seen in dogs treated 
with simvastatin at a dose of 360 mg/kg/day. a dose that produced plasma 
drug levels that were about 50 times higher than the mean drug levels in 
humans taking 40 mg/day. Similar CNS vascular lesions have been 
observed with several other drugs ot this class. 

A chamically similar drug in this class also preduced optic serve 
degeneration (Wallerian degeneration of reinogeniculate fibers} in clinically 
normal dogs in a dose-dependent fashion starting at 6Ë mg/kg/day. a dose 
that produced mean plasma drug leveis abou: 30 times nigher than the 
mean drug level in humans taking the tighe st recommended dose (as 
measured by total enzyme inhibitory activity). This same drug also produced 
vestibulocochlear Walleriat-like degeneration and retinal ganglion celi 
chromatolysis in dogs treated for 14 weeks at 180 mg/kg/day. a dose that 
resulted in a mear plasma drug level similar te thal sean with the 
60 mg/kg/day do 
Carcinogenesis, Mutagenesis, Impairment of Fertility: In a 72-week 
carcinogenicity study. mice were administered daily doses of simvastatin ot 
25, 100, and 400 mg/kg body weight, whieh resulted ir mean olasma drug 
levels aaproximately 3, 15, and 33 times higner than the mean buman 
plasma drug concenmration (as total inhibitory activity) atter a 40-mg oral 
dose. Liver carcinomas were significantly increased in high-dose females 
and in mig- and high-dose males, with a maximum incidence of 99% in 
males. The incidence of adenomas of the liver was signilicantly increased in 
mid- and nign: dose temales. Drug treatment also signit:cantly increased the 
incidence of iung adenomas in mid- and high-dose males and females 
Adenomas of the Harderian gland (a gland a! the eye of rodents} were 
significantly higher in high-dose mice than in controls. No evidence of a 
tumorigenic effect was observed at 25 mg/kg/day Although mice were given 
up to 509 times the human dose (HO) an a mg/kg body weight basis. biood 
levels of HMG-CoA reductase inhibitory actvity were only 3 to 33 times 
higher ir mice than in humans given 40 mg of ZOCOR 

in a separate 92-week carcinogenicity $ uni n mice at doses of up to 
25 mg/kg/day. nd ev-dence of a tumorigenc effect was observed. Atf though 
mice were given up to 31 times the human dose on a mg/kg basis, plasma 
drug levels were oniy 2 to 4 times higher than in humans given 40 mg 
simvastatin as measured by AUC 

In a 2-year study in rats, there was a statisti 
incidence of thyroid follicular adenomas ir female rats exposed to 
approximately 45 times higher levels of simvastatin than humans given 40 mq 
simvastatin (as measured by AUC). Prelim:nary results from a second 2-year 
fat study indicate an mcrease in the incidence of thyroid:and liver tumors in 
male and female rats at doses that prodece exposure levels 229 times 
(based on AUC) those achieved in humans at a dosage cf 40 mg/day. Liver 
tumors are found in rodents with all the chemically similar drugs of this 
class No increased incidence of tumors was observed at doses that 
produce axposure levels 15 times [based or AUC} those seen in man 

No evidence of ee was observed in a microbial mutagen test 
using mutant strains of Salmonella typhumurium wits of without rat of 
mouse Iver metabole activahion in ada 3 evidence of damage to 
genetic material was noted in an ia vitro alkaline elution assay using rat 
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Nepatocyles. a V-79 mammalien cell forward mutation study, an in vitro 
chromesome aberration study in CHO celts. or an in vivo chromosomal 
abertat:an assay in mouse bone-marrow 

There was decreased fertility imale rats treated with simvastatin for 34 weeks 
af 25 mg/kg body weight (15 limes the maximum human exposure level, based 
an AUC in patients receiving 40 mg/day). however. this effect was not observed 
during 3 subsequent fertility study, in whch simvastatin was administered at this 
same dose ievel to mate rats for 11 weeks (the entire cycle of spermatogenesis 
snGuding epididymal maturation). No microscopic changes were observed in the 
tastes of rats from ethes study. A 180 mg/kg/day (which produces exposure 
44 limes higher than those in humans taking 40 mg/day), seminiterous 
> degeneration (necrosis end loss of spermatogenic epithelium) was 
ervad. in dogs, there was drug-related testicular atrophy. decreased 
smafogenesis, spermatocytiz degeneration. and giant cell formation al 
(approximately iy 7 times the human axposure level, based on AUC, 
} The clinical i signi ce of these findings s unclear 
ed Pregnancy Category X See CONTRAINDICATIONS. 

Sale'v in pregnant women has not been established. Simvastatin was not 
teratogenic in rats af doses of 25 mg/kg/day or in rabbits at doses of up to 
10 mg/g daily. These doses sesulled an 6 times (rat) or 4 times (rabbit) th 
human exposure based on mgm’ surtace area. However, in studies with 
another structurally related HMG-CoA reductase inhibitor, skeletal 
malformations were observed in rats and mice. Simvastatin should be 
administered to women of childbearing potertial only when such patients are 
highly unlikely to conceive and have bean informed of the potential hazards. tt 
a woman beco pregnant while taking simvastatin, it should be 
discontinued and the patient should oe advised again as to the potential 
hazards to the fetus. 

Nursing Mothers: it is not brown whether Simvastatin $ excreted in 
human milk. Becau small amount of another drug in this class 1s 
in human miik and because of the potential for serious adverse 
f sing infants, wemen taking simvastatin should not nurse 
thait infants (see CONTRAINDICATIONS) 

Pediatric Use: Salety and effectiveness in children and adolescents have 
not been established. Because shildren and adolescents are not likely to 
benefit from cholesterol lowering for at least a decade and because 
experience with this drug is limped (ne studies in subjects below the age ot 
20 years), treatment of children or adolescents with simvastatin is not 
recommended at this time 

ADVERSE REACTIONS: in the controlled clinical studies and their open 
extensions (2.423 patients with mean duration of follow-up of approximately 
18 months). 14% of patients were discontinued due to adverse experiences 
attributable to ZOCOR” (Simwvasvatin). Adverse reactions have usually been 
mild an3 transient. ZOCOR has been evaluated for serious adverse reactions 
in more thar: 21,000 patients and :s generally well tolerated. 

Clinical Adverse Experiences: Adverse experiences occurring at an 
incidence of 1% or greater in patients treated with ZOCOR, regardless of 
causality, in controlled clinical studies are shown in the table below: 












































ZOCOR Placebo Cholestyramine Probucol 
(N=1,583)  (N=157)  (N=179) (N81) 
Body as 3 Whole 
Abdominal pain 3.2% 3.2% 8.9% 2.5% 
Asthersa 16 25 11 12 
Gastroir’estinal 
Constigation 2.3 m 291 12 
Diarrhea 19 § 78 37 
Dyspepsia t1 ~ 45 3? 
Flatulence 19 13 145 6.2 
Nausea 13 1S 10.1 25 
Nervous Systemn/Psychiatric 
Headache 35 51 45 33 
Respnatory 
Upper respiratory iniection 2.1 19 34 


he following effects have bee reported with drugs in this class: 
Skeleiat: Myopathy, rhabdomyolysis, arthralgias 
Neuralogical: Dystunction of zertain cranal nerves (including alteratic 
o! taste. impairment of extraocular movement, facial paresis), tremor, 
vertigo, memory loss, paresthesia, perpheral neuropathy. peripheral nerve 
palsy, anxiety, insomnia, depression 

Hypersensitivity Reactions: An apparent hypersensitivity syndrome has 
beer! reported rarely which has inctuded one or more of the following features 
anaphylaxis, angioedema, lupus erythematous -uke syndrome, polymyaigia 
rheumatica, vasculitis, purpura, thrombocytopenia, leukopenia, hemolytic 
anemia, oositive ANA, ESR increase, arthritis, arthralgia, urticaria, asthe 
photosensitivity. fever. chilis, flushing, malaise, dyspnea, toxic epidermal 
necrolysis, erythema multitorme, including Stevens-Johnson syndrome 

Gastrointestinal: Pancreatitis, aepatitis, including chronic active hepatitis, 
cholestatic jaundice, tatty change in liver, and, rarely. cirrhosis, fulminant 
hepatic necrosis, and hepatoma, anorexia: vomiting 

Skin. Alopecia. 

Reproductive: Gynecomastia, toss of libide, erectile dysfunction, 

Eye Progression of cataracts (ens opacities), ophthalmoplegia 

Labosatory Abnormalities. Elevated transaminases, alkaline phosphatase, 
and bilirubin; thyroid function abeormatities 
Laboratory Tests: Marked persistent increases of serum transaminases 
have been noted (see WARNINGS. Liver Oystunction). About 5% of patients 
had ale: s of CPK levels af 3.or more times the normal value on one or 
more occasions. This was attributable to the noncardiac traction of CPK 
Muscle pain or dystunction useally was not reported (see WARNINGS 
Skeletal Muscle} 
Concomitant Therapy: in contwiled clinical studies in which simvastatin 
was admnisiered concomitantly with cnolesiyrammne. no adverse reactions 
peculiar #9 this concomitant treatment were observed The adverse reactions 
that occurred were limited to those reported previously with simvastatin or 
chalestyramane. The combined use ct simvastatin with fibrates should 
generally be avoided (see WARNINGS, Skeletai Muscle) 
OVERDOSAGE: Significant lethality was observed in mice after a single 
oral dose of 9 g/m’. No evidence of lethality was observed in rats or dogs 
treated with doses of 30 and 100 g/m’, respectively No speci‘ic diagnostic 
signs were observed in rodents. At these doses, the only signs seen in dogs 
were emesis and mucoid stools 

There have been no cases of clinically significant 
overdosage with ZOCOR in humans. Until furher experience is 
obtained no specific treatment of overdosage wih ZOCOR can 
be recommended 
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As a companion to the Sobel and Hirsh 
Coronary Thrombolysis and Conjunctive Treatment: 
Principles and Practice, add Roberts and Kleiman’s 
The Open Artery: Perspectives on Coronary 
Reperfusion in Acute Myocardial Infarction 

to your reference library today. 


EVOLVING ISSUES IN ACUTE 
MYOCARDIAL INFARCTION: 


CORONARY 
REPERFUSIO 
— A Question 


Of Timing 


Although now accepted as a standard in the treatment of acute 
myocardial infarction, reperfusion therapy continues to generate 
much controversy. Most recently, debate has centered on the 
value of reperfusion at different stages in the evolution 
of infarction. 
The Open Artery: Perspectives on Coronary Reperfusion 
in Acute Myocardial Infarction addresses this question and 
attempts to reconcile experimental and clinical findings with 
physiologic principles. Through a review of the literature, the 
monograph analyzes the tenets underlying the modern era of 
reperfusion and provides a contextual framework for treatment 
strategies that, although rational and intuitive, have been diffi- 
- cult to substantiate. 
The Open Artery explores: 
© The “early reperfusion principle” and the diverse, sometimes 
discordant but generally consistent body of data supporting the 
link between early restoration of patency following acute MI 
and clinical benefit; 
» The time dependence of myocardial salvage in the initial hours 
of infarction; 
e The relationship between a patent coronary artery following 
acute infarction and short- and long-term mortality; 
¢ The GUSTO trial and implications for the future; and 
© The “open artery hypothesis” and mechanisms thorough 
which late reperfusion may product long-term improvement in 
morbidity and mortality. 
The Open Artery addresses today’s most debated issues in 
reperfusion therapy in a concise, easy-to-read format. It is a 
valuable reference for every physician involved in the treatment 
of patients with acute MI. 
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with those of simultaneously performed thermodilution cardiac output 
determinations; 201 paired estimates from 43 patients were compared. 
by Pearson correlation coefficients and agreement between methods.. 
Paired impedance and thermodilution values correlated well (r = 0.75: 
p <0.0001 ). Correlation was improved when mean impedance was com- 
pared with mean thermodilution in each patient (r = 0.86; p <0.0001). 
Agreement between methods was high. Impedance cardiac output is non- 
_ invasive, and essentially equivalent in accuracy and reproducibility to 
thermodilution cardiac output. 
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Coarctation Repair a 
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or oman eam mPOST-MI AND IN UNSTABLE ANGINA 





THERAPY FOR LIFE. 


GOOD TO THE 
STOMACH. 


Safety-coated Therapy BAYER® ENTERIC: 
An ideal choice for second MI prophylaxis. 


Therapy BAYER® ENTERIC is an excellent way to 
take 100% pure BAYER? aspirin for the long term. 
That’s because the enteric coating ensures that the 
delayed-release caplet dissolves only in the intestine, 
minimizing your patients’ risk of gastric irritation. 
Therapy BAYER® ENTERIC is also economically 
priced to cost less than Ecotrin? So it’s a recommen- 
dation that can save your patients dollars — while 
making good sense. 








VR FOR ASPIRIN Tell your patients to 
~ SAFETY COATED emen users i look for the new Therapy 
BAYER” ENTERIC box with 
the green shield 


Please see Brief Summary of Prescribing Information on the following page 
© 1991 The Bayer Company JNOV91 


Second MI or MI in Unstable Mgaa 


DOSAG E AND ADMINISTRATION: 

{though most of the studies used dosages exceeding 300 mg, two trials used only 300 mg 
daily, and pharmacologic data. indicate thar this dose inhibits platelet function fully. 
Therefore, 300 mg or a conventional 325 mg aspirin dose daily is a reasonable routine dose 
that would minimize gastrointestinal adverse reactions. This use of aspirin applies to both 
‘solid otal dosage forms (buffeted and plain aspirin) and buffered aspirin in solution. 


CARDIOVASCULAR AND BIOCHEMICAL: 
In the AMIS trial, the dosage of 1,000 mg per day of aspirin was associated with small 
increases in systolic blood pressure (BP) (average 1.5 to 2.1 mm) and diastolic BP (0.5 to 
0.6. mm), depending upon whether maximal or last available readings were used. Blood 
urea nitrogen and uric acid levels were also increased but by less than 1.0 mg percent. 
».£ Subjects with marked hypertension or renal insufficiency had been excluded from the trial 
oooi 80 thar the clinical importance of these observations for such subjects or for any subjects 
-ateated over more prolonged periods is not known. It is recommended that patients placed 
on long-term aspirin treatment, even at doses of 300 mg per day, be seen at regular intervals 
to-assess. changes in these measurements. 


BIOAVAILABILITY: 
Avsingle-dose bioavailability study’ has demonstrated thar plasma acetylsalicylic acid and 
salicylic. acid concentrations resulting from Therapy BAYER” ENTERIC are equivalent to 
those from plain aspirin, i.e., non-enteric-coated aspirin, As expected, the enteric coating on 
Therapy BAYER” ENTERIC results in delayed absorption (peak achieved at approximately 
i five hours postdosing) relative to plain aspirin, Dissolution of the enteric coating occurs at 
-< Heutral-to-basic pH and is therefore dependent on gastric emptying into the duodenum. 
With continued dosing, appropriate therapeutic plasma levels are maintained. 


SAFETY: 

The safety of enteric-coated aspirin has been demonstrated in a number of endoscopic 

studies comparing enteric-coated aspirin and plain aspirin, as well as plain buffered and 

“arthritis strength” preparations. in these studies, endoscopies were performed in healthy 

volunteers before and after either two-day or 14-day administration of aspirin doses of 
«3,900 or 4,000 mg per day, Compared to all che other preparations, the enteric-coated 
< aspitin produced significantly less damage to the gastric mucosa. There was also statistically 
ii less duodenal damage when compared with the plain, ie., non-enteric-coated, aspirin. 


ADVERSE REACTIONS: 
Gastrointestinal reactions: Doses of 1,000: mg per day of aspirin caused gastrointestinal 
> symptoms and bleeding that, in some cases, were clinically significant. In the largest 
| © posdnfarction study (the Aspirin Myocardial Infarction Study [AMIS] with 4,500 people); 
“the percentage of incidences of gastrointestinal symproms for the aspirin (1,000 mg of a 
“standard, solid-tablet formulation) and placebo-treated subjects, respectively, were stomach 
© pain (14.5%, 4.4%), heartburn (11.9%, 4.896), nausea and/or vomiting (7.6%, 2.1%), and 
hospitalization for GI disorder (4.9%, 3.5%). In the AMIS and other trials, aspirin-treated 
patients had increased rates of gross gastrointestinal bleeding, Symptoms and signs of 
© gastrointestinal irritation were nor significantly increased in subjects treated for unstable 
angina with buffered aspirin in solution. 


_ PROFESSIONAL WARNING: 

Occasional reports have documented individuals with impaired gastric emptying in whom 
there may be retention of one or more enteric-coated aspirin caplets over time. This 
“phenomenon may occur as a result of outlet obstruction from ulcer disease alone or 
combined with hypotonic gastric peristalsis. Becaase of the integrity of the enteric coating in 
© an acidic environment, these caplets may accumulate and. form a bezoar in the stomach. 
ae Individuals with this condition may present with complaints of early satiety or of vague 
““upper-abdominal distress, Diagnosis may be made by endoscopy or by abdominal films, 
os whieh show opacities suggestive of a mass of small caplets? Management may vary 
_- according to the condition of the patient. Options include gastrotomy and alternating 
io slightly basic and neurral lavage.’ While there have been no clinical reports, it has been 
“> suggested that such, individuals may also be treated with parenteral cimetidine (to reduce 
. “acid-secretion) and then given sips of slightly basic liquids to effect gradual dissolution of 
the enteric coating, Progress may be followed with plasma salicylate levels or via 

recognition of tinnitus by the patient. 









































It should be kepr in mind that individuals with a history of partial or complete gastrectomy may 
produce reduced amounts of acid and therefore have less acidic gastric pH, Under these circumstances, 
abe benefits offered by the acid-vesistant enteric coating may nat exist. 


REFERENCES: 

1. Daca on file, Sterling Health. 2. Aspirin Myocardial Infarction Study Research Group: A 
- ganidomized, controlled trial of aspirin in persons recovered from myocardial infarction. 

JAMA 1980;245:661-669. 3. Bogacz K, Caldron P: Enteric-coated aspirin bezoar: Elevation 

of serumi salicylate level by barium study. Am J Med 1987;83:783-786. 4. Baum J: Enteric- 

coated aspirin and the problem: of gastric retention. J Réewmasal 1984;11:250-251. 
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Relevant. Practical. Timely. THE AMERICAN 
JOURNAL. OF MEDICINE breaks new ground in 
every monthly issue. The original papers published 
in the “Green Journal” are essential reading for all 
practicing physicians in internal medicine. 


Thorough, exceptional coverage. To serve your - 

information needs the “Green Journal’ publishes: 

è Definitive Clinical Studies. ..offering new information 
and innovations on the pathogenesis of disease. 

e Critical Reviews...contributed viewpoints weighing 
the evidence on both sides of a controversial subject, 

e Readable Editorials...on a variety of scientificand 
humanistic topics from prominent physicians. 

è Editorial Case Reports.. illustrating unique cases | 
selected for the valuable lessons mey provide. 

® And so much more 


Subscribe now and save. Enter your personal 
subscription to AJM al the special rate of only $49.50* 
for one year (12 issues). You Save $16.50 off the basic 
rate! In the USA, call toll-free, 1-800-327-9021. 

Or write AJM Circulation Dept., P.C. Box 173306, 
Denver, CO 80217-3306. 


‘For New Subscribers inthe USA only. The non USA Subscription rate tor 1year 
is $125.06. : 





Habitrel à 


hicotine transdermal system) 


FINALLY THE 

END OF SMOKING 
DEPENDENCE MAY 
BE AT HAND... 





For the motivated patient 
who wants to quit 


Habitr | 


nicotine transdermal system) 


Habitrol significantly increases 
abstinence rates’ when used as part of 

a comprehensive behavioral smoking 
cessation program—even in moderately to 
highly nicotine-dependent patients" 


E Significantly reduces craving for cigarettes through controlled 
nicotine release’ 


E Helps break the chain of smoking dependence with full 24-hour 
nicotine plasma levels 


E Safe and well tolerated 
E Provides the safety of child-resistant packaging 





Habitrol is available with a Patient Support Kit, to be used as part of a 
comprehensive behavioral smoking cessation program. This kit provides 
materials to help motivated patients address the behavioral and social 
components of smoking dependence. 


This product should not be used for more than three months. The effects of 
Habitrol treatment on fetal development are unknown. Pregnant or nursing 
smokers should be encouraged to attempt smoking cessation using 
nonpharmacologic approaches before using Habitrol. The risks 

vs. benefits of nicotine replacement should be weighed in patients 

with certain cardiovascular and peripheral vascular diseases. 

Certain concomitant medications may need dosage adjustments 

(see Drug Interactions section of complete Prescribing Information). 





r 


THE PATCH EF 
THAT BEATS Riin 
THE PACK 





Helps patients adjust to a smokefree 


lifestyle with gradual reduction of nicotine 


E Available in three dosages for step-down therapy 


E Start most patients on one 21 mg/day patch for 30 days, continue with 
one 14 mg/day patch for 30 days, and follow with one 7 mg/day patch 


for 30 days? 


30 days 
21 mg/day +ê 





30 days 30 days 
14 mg/day! 7 mg/day 


Treatment Range 4-8 weeks 2-4 weeks 2-4 weeks 


R 








E Used and unused systems should be kept 
out of the reach of children and pets 














*Abstinence was measured by diary entries and confirmed by 
breath carbon monoxide levels. 

tRepresents patients scoring =6 points on the Fagerstrom 
Tolerance Test 

+For patients with coronary artery disease or who weigh less 
than 100 lbs or smoke less than '/2 pack of cigarettes/day, 
please see Individualization of Dosage Section of Prescribing 
Information 

5Patches shown 50% of actual size 


Please see brief summary of Prescribing Information on next page. 





Habitrol® 


(nicotine transdermal system) 
Systemic delivery of 21, 14, or 
7 mg/day over 24 hours 


BRIEF SUMMARY (FOR FULL PRESCRIBING 
INFORMATION, SEE PACKAGE INCERT) 


INDICATIONS AND USAGE 
Hobitrol treatment is indicated as an aid to smoking cessation for 
the relief of nicotine withdrawal symptoms. Habitrol treatment 
should be used as o part of a comprehensive behavioral smoking 
cessahion program. 

The use of Habitrol systems for longer than 3 months has not been 
studied. 


CONTRAINDICATIONS 

Use of Habitrol systems is contraindicated in patients with hyper- 
sensitivity or allergy to nicotine or to any of the components of the 
therapeutic system. 


WARNINGS 
Nicotine from any source can be toxic and addictive. Smoking 
couses lung cancer, heart disease, emphysema, and may adversely 
affect the fetus and the pregnant woman. For any smoker, with or 
without concomitant disease or pregnancy, the risk of nicotine 
replacement in a smoking cessatior program should be weighed 
against the hazard of continued smeking while using Hobitrol sys- 
tems, and the likelihood of achieving cessation of smoking without 
nicotine replacement. 
Pregnancy Warnin 
Tobacco smoke, which has been shown to be harmfu! to the fetus, 
contains nicotine, hydrogen cyanide. and carbon monoxide. Nico- 
tine has been shown in animal studies to couse fetal harm. His there- 
fore presumed that Hobitrol treatment can cause fetal horm when 
administered to a pregnant woman. The effect of nicotine delivery 
by Habitrol systems has not been exc mined in pregnancy (see PRE- 
CAUTIONS, Other Effects). Therefore pregnant smokers should be 
encouraged to attempt cessation using educational and behav- 
‘oral interventions before using phormacological approaches. tf 
Habitrol therapy is used during pregnancy, or if the patient 
becomes pregnant while using Habitrol treatment, the patient 
should be apprised of the potential Hazard to the fetus 
Satety Note Concerning Children 
The amounts of nicotine that are tolerated by adult smokers can 
produce symptoms of promis and could prove fatal if Habitrol 
seen are applied or ingested by children or pets, Used 21 mg/ 
jay systems contain about 60% (32 rg) of their initial drug content. 
Therefore, patients should be coutisned to keep both used and 
unused Habitrol systems out of the reach of children and pets. 


PRECAUTIONS 
General 


ral 

The patient should be urged to stop smoking completely when initi- 
ating Habitrol therapy Tsee DOSAGE AND ADMINISTRATION), 
Patients should be informed thot if they continue to smoke while 
using Habitrol systems, they may experience adverse effects due to 
peak nicotine levels higher than those experienced from smoking 
alone. lf there is a chnically significent increase in cardiovascular 
or other effects attributable to nicotinz, the Habitrel dose should be 
reduced or Habitrol treatment disconnued (see WARNINGS). Phy- 
sicians should anticipate that concomitant medications may need 
dosage adjustment (see Drug Interactions’. 

The use of Habitrol systems beyond 3 months by patients who 
stop smoking should be discouraged because the chronic con- 
sumption of nicotine by any route car be harmful and addicting. 
Allergic Reactions: in a 6-week ope>-label dermal irritation and 
sensitization study of Habitral systems, 22 of 220 patieris exhibited 
definite erythema at 24 hours after of plication. Upon rachallenge, 
3 patients exhibited mild-to-moderate contact allergy. Patients with 
contact sensitization should be cautioned that a sericus reaction 
could occur from exposure to other nicotine-containing products or 
smoking. Ín the efficacy trials, erythema following system removal 
was typically seen in about 17% of patients, some edamo in 4%, 
and dropouts due to skin reactions occurred in 6% of patients, 

Patients should be instructed to pror:ptly discontinue the Habitrol 
treatment and contact therr physicians if they experience severe or 
persistent local skin reactions at the site of application fe.q. severe 
erythema, pruritus or edema) or a gemeralized skin reaction (e.g, 
urticaria, hives, or generalized rash} 

Skin Disease: Habitro! systems are usually well tclerated b 
patients with normal skin, but may be irntating for patients with 
some skin disorders (atopic or eczematous dermatitis), 
Cardiovascular or Peripheral Vascular Diseases: The risks of nico- 
tine replacement in patients with certain cardiovascular and 
peripheral vascular diseases should be weighed agoinst the bene- 
its of including nicotine replacement in a smoking cessation pro- 
gram for them. Specifically, patients with coronary heart disease 
thistory of myocardial infarction and ‘or angina pectoris), serious 
cardiac arrhythmias, or vasospastic diseases (Buerges's disease, 
Prinzmetal’s variant angina) should be carefully screened and 
evaluated before nicotine replacement is prescribed. 

Tochycardia occurring in association with the use of Habitrol 
treatment was reported occasionally. lf serious cardiovascular 
symptoms occur with Habirol treatment, it should be discontinued. 

Habitrol treatment should generally not be used in patients dur- 
ing the immediate post-myocardial intarction period, patients with 
serious arrhythmias, and patients with severe or worsening angina 


ectoris. 

kanol or Hepatic Insufficiency: The pharmacokinetics of nicotine 
hove not been studied in the elderly or in patients with renal or 
hepatic impairment, However, given that nicotine is extensively 
metabolized and that its total system clearance is dependent on 
liver blood flow, some influence of Fapatic impairment on drug 
kinetics (reduced clearance) should be anticipated. Only severe 
renal impairment would be expected to affect the clearence of nic- 
oline or its metabolites from the circulation {see CLINICAL PHAR- 
MACOLOGY, Pharmacokinetics}. 

Endocrine Diseases: Habitrc! treatment should be used with cou- 
tion in patients with hyperthyroidism, pheochromocytoma cr insu- 
lin-dependent diabetes since nicotine causes the release of 
catecholamines by the adrenal medulla. 

Peptic Ulcer Disease: Nicotine delays healing in peptic ulcer dis- 


ease, Iherefore, Habitrol treatment shouid be used with caution ir 
patients with octive peptic ulcers and wniy when the benefits of 
including nicotine replacement in a smoking cessation program 
outweigh the risks, 
Accelerated Hypertension: Nicotine constitutes a risk factor for 
development of malignant hypertension in patients with acceler. 
ated hypertension: therefore, Hobitro! treatment should be used 
with caution in these pattents.ond only wren the benefits of includ- 
ing nicotine replacement ina smoking cessation program outweigh 
the risks 
Information for Patients 
A patient instruction sheet is included inthe package of Habitro! 
systems dispensed to the pateni, It contas important information 
and instructions on how to ese and dispose of Hobitrol systerns 
properly. Patients should be encourage! to ask questions of the 
physicion ond pharmacist. 

‘otien's musi be advised te keep both ssed and unused systems 
out of the reach of children and pets. 
Drug Interactions 
Smoking cessation, with or wrehout nicotine replacement, may alter 
the pharmacokinetics of certain concomitant! medications. 





May Require a Decrease in 
Dose at Cessation of Smoking  Possibie Mechanism 





Deinduction of hepatic 
enzymas on smoking cessation 


Acetaminophen, caffeine, 
imipramine, oxazepam, 
pentozocine, propranolol, 
theophylline 


Insulin Increase of subcutaneous 
insulin absorption with 
smoking cessation 


Adrenergic antagonists t¢.g., 
9 g 


Decrease in crculonng 
prazosin labetalol! 


cotechalaminas with smoking 
cessation 


May Require an Increase in 


Dose at Cessation of Smoking Possible Mechanism 





Adrenergic agonists (e.g. 


Decrease in circulating 
isoproterenol, phenylephrine 


catecholamines with smoking 
cessotian 


Carcinogenesis, Mutagenesis, Impairmeat of Fertility 
Nicotine itself does not appear to be a carcinogen in laboratory 
animals, However, nicotine ond its metabolites increased the inci- 
dence of tumors inthe cheek pouches of hamsters and forestomach 
of F344 rats, respectively, when given in combination with tumor- 
initiators, One study, which could not be replicated, suggested that 
cotinine, the primary metabolite of nicotine, may cause lymphoreh- 
cular sarcoma in the large intestine in rats 

Nicotine and cotinine were not mutagenic in the Ames Salmo- 
nella test. Nicotine induced repairable OMA damage in on E coli 
test system. Nicotine was shawn to be genotoxic in a test system 
using Chinese homster ovary calls. in rats ond rabbits, implantation 
can be delayed or inhibited by o reduction in DNA synthesis that 
appears to be caused by nicotine. Studiesthave shown o decrease 
in litter size in rats treated with nicotine during gestation. 
Pregnancy Category D {see WARNINGS) 
The harmful effects of cigarette smoking on maternal and fetal 
health ore clearly established. These include low birth weight, an 
increased risk of spontaneous abortion, and increased perinatal 
mortality. The specitic effects of Habitrol treatment on fetal devel- 
opment cre unknown. There‘ore, pregnant smokers should be 
encouraged to attempt cessation using educational and behav- 
ioral interventions before using phormacc/ogcal approaches. 

Spontaneous abortion during nicotine replacement therapy has 
been reported; as with smoking, nicotine as o contributing factor 
cannot be excluded 

Habitrol treatment should be used during pregnancy only if the 
likelihood of smoking cessation justifies the potential risk of use of 
nicotine replacement by the pelient, who may cortinye to smoke. 
Pid ea 
Animal Studies; Nicotine was shown to produce skeletal abnor- 
malities in the offspring of mice when given doses toxic to the dams 
(25 mg/kg/day IP or Nal 
Human Studies: Nicotine teratogenicity bas aot been studied in 
humans except as a component of cigarette smoke (each cigarette 
smoked delivers about | mg ofmicotinel. It sas not been possible to 
conclude whether cigaretie smaking is teratogenic to humans, 
Other Effects 
Animal Studies: A nicotine bolus [up to 2mg/kg) to pregnant rhesus 
monkeys caused acidosis, hypercarbia, and hypotension [fetal and 
maternal concentrations were about 20:tmes those achieved after 
smoking | cigarette in 5 minutes, Fetal breathing movements were 
reicee the fetal lamb after ntravenous.injection of 0.25 mg/kg 
nicotine to the ewe (equivalent io smoking 1| cigarette every 20 sec: 
onds for 5 minutes}. Uterine biood flow was reduced about 30% 
after infusion of 0.) mg/kg/mir nicotine for 20 minutes to pregnant 
rhesus monkeys {equivalent to smoking. ekaut six cigarettes every 
minute for 20 minutes}. 
Human Experience: Cigarette smoking during pregnancy is associ- 
ated with an increased risk of spontaneows chortion, low-birth- 
weight infants and perinata! mortality Nicotine and carbon 
monoxide are considered the most likely mediators of these out- 
comes, The effects of cigarette smoking an fetal cardiovascular 
parameters has been studied near term, Cizarettes increased fetal 
aortic blocd flow and heart rate, and decressed uterine blood How 
and fetal breathing movements, Habitrol ~earment has not been 
studied in pregnant humans. 
Labor and Delivery 
Habitral systems are not recommended to be left on during labor 
and delivery, The effects of nicctine on the {mother or the fetus dur- 
ing lobor are unknown 
Nursing Mothers 
Coution should be exercised when Habdtrol therapy is admins- 
tered to nursing women. The solely of Habinol treatment in nursing 
infonts hos not been examined. Nicotine pesses freely into breast 
milk; the mulk-fo-plasma raho cveroges 2.9. Nicotine is absorbed 
orally. An infani has the ability te clear nicotine by hepatic first-pass 
clearance; however, the efficency of removal isprabably lowest at 
birth. The nicotine concentrahens in milk ean be expected to be 
lower with Habitrol treatment when used os eirected than with ciga- 

















rette smoking, os maternal plasma nicotine concentrations are 
generally reduced wth nicotine replacement. The risk of exposure 
of the infant to nicotine fram Haburol systems should be weighed 
against the risks associated with the infant's exnosure to nicotine 
from continued smoking by the mother :passive smoke exposure 
and contominaton of breast miik win other components of 
tobacco smoke} ond ‘rom Habitrol systems alone or in combination 
with continued smoking, 

Pediatric Use 

Hobitrol systems are aot recommended far use in children becouse 
the safety and effectweness of Habitro! ‘reatment in children and 
adolescents who smeke have not been evaluated. 

Geriatric Use 

Forty-eight patients over the age of 60 participated in clinical trials 
of Habitrol therapy. Kabitral therapy appeared to be as effective in 
this age group as in younger smokers. 


ADVERSE REACTIONS 
Assessment of adverse events in the 792 patients who participated 
in conirolled clinical ‘rials s complicated by the occurrence of Gi 
ond CNS effects of nicotine withdrawal as well as nicotine excess. 
The actual incidences.of both are confounded by concurren! smok- 
ing by mony of the patients, In the trials, when reporting adverse 
events, the investigatars did not attempt te identify the cause of the 
symptom, 
Topical Adverse Events 
The most common adverse event associated with topical nicotine is 
a short-lived erythema, pruritus, or burniag a! the application site, 
which was seen ai leest once in 35% of patients on Habitrol treat- 
meat in the clinical tricls. Local erythemo after system removal was 
noted at least once in 17% of patents and local edema in 4%. Ery- 
thema generally resoived within 24 hours. Cutaneous hypersensi- 
tivity {contact sensitization) occurred in 2” of patients on Habitral 
treatment (see PRECAUTIONS, Allergic Reactions} 
Probably Causally Related 
The following adverse events were reported more frequently in 
Habitroi-treated pavients than in placebo-treated patients or 
exhibited o dose response in clinical trials 

Digestive system — Diarrhea,” dyspepsia." 

Mouth/Tooth d-sorders = Dry mouth. 

Musculoskeletal system ~ Arthral 

Nervous systers ~ Abnormal drear 




















“myalgia” | 
somnolence.’ 





Frequencies tor 2t ma/day system 
"Reported in 3% to 97 of patents. 
"Reported in 1% to 3% of patents, 
Unmarked if reported in 1% of patients 
Causal Relationship Unknown 
Adverse events reported in Habitrol- and placebo-treated patients 
at about the same frequency in clinical trials are listed below, The 
clinical significance of the association between Habitrol treatment 
ond these events is unknown, but they cre reported as olerting 
information for the clinician, 
Body os a whole~ Allergy,’ back pau.” 
Cardiovascular system ~ Hypertension. 
Digestive system — Abdominal pain,’ constipation,! nausea," 





vomiting. 
Nervous system Dizziness," concentration impoired,' 
headeche (17%), insomnia * : 
Respiratory system —Cough increased,’ pharyngitis,’ + 
sinusitis, 
___ Urogenital system Dysmenorrhea." 


Frequencies for 2? mg/day system 
“Reported in 3% to 9% of potients. 
tReported in 1% to 3% of patients, 
Unmarked if reported in = 1% of patients, 


DRUG ABUSE AND DEPENDENCE 

Habitrol systems are lixely to have a low abuse potential based on 
differences between it and cigarettes in feur characteristics com- 
monly considered important in contributing to abuse: much slower 
absorption, much smaiter fluctuations in biood levels, lower blood 
levels of nicotine, and jess frequent use (i.e. once daily). 

Dependence on nicotine aolacrilex chewing gum replacement 
therapy has been reported Such dependence might also occur 
from transterence to Habitrol systems of ‘obacco-based nicotine 
dependence. The use of the system beyond 3 months has not been 
evaluated ond should be discouraged. 

To minimize the risk of dependence, patients should be encour- 
aged to withdraw gradual'y from Habitrol treatment after 4 to 
S weeks of usage. Recommended dose reduction is to progressively 
decrease the dose avery 210 d weeks ‘see DOSAGE AND ADMIN- 
ISTRATION). 


CAUTION: Federal law prohibits dispensing without preteriton: 
CPST Rev. 11/91) 
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CASE REPORTS 


E SE ee ee ee ce 
Intravenous Administration of Monoclonal Antibody to the 
. Platelet GP Ilb/Illa Receptor to Treat Abrupt Closure During 


Coronary 


a Angioplasty — 
-= H. Vernon Anderson, Madaiah Revana, Oscar Rosales, Laura Brannigan, 
Yvonne Stuart, Harlan Weisman, and James T. Willerson 


T READERS COMMENTS 


Ten Calibration hic Angiographic Catheters « as Scaling 


Devices — Importance of Filming the Catheters Not Filled with l 


-Contrast Medium 





-Carlo Di Mario, Walter R.M. Hermans, Benno J Rensing, and 


-Patrick W. Serruys 
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